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ENDURANCE Tl!S'IB OF A 22-INCH-DJ:.AMEIIER PUlSE-JET ENGINE 

WITH A NEOPBENE-COATED VALVE GRID 

By Eugene J. Manganiello, Michael F. Valerino 
and. Jol:m H. Breisch 

Thrust-stand tests were conducted at high thrust outputs to 
dete1~ne the operating life of a 22-inoh-d~ameter pulse-jet engine 
equipped with a neoprene-coated valve grid. The results of the 
endurance testa Show that through the use of the neoprene-coated 
grid the operating life of' th~ pulse-Jet engine, as limited by 
valve deterioration, was extended to more tban 164 minutes, as 
compared with 30 minute a for the standard uncoated grid. The 
average jet thrust (not deducting the momentum drag of the entering 
air) developed by the engine vas 85:5 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 obtained during the entire 
164 minutes of operation. This Jet-thrust value represents a slight 
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 Air Technical Service Command, ~ Air 
Forces, and of the Bureau of Aeronautics, Navy Department, an inves
tigation is being oonduoted at the NACA Cleveland labomtor,y to 
tmprove the performance and extend the operating life of the pulse
jet engine. As a part of this investigation, thrust-stand tests 
were conducted to determine the sea-~evel performance of a 
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22-inoh-dia.meter pulse-jet engine at e1mu1Ei.ted ram pressures of o, l8, 
40, and 58 inChes of water over the entire fuel-flow operattug range or 
the jet engine (reference 1) • · 

The results of reference 1 and of tests conducted at Wright 
Field (refe?ence 2) indicate that ~he operating life of the pulse-Jet 
en&ine, as limitea by valve deterioration caused by the repeated imgact 
forces imposed on tho valves in closing during operation, is approximately 
30 minutes, ~~ter whiCh a rapid reduction in er~ine-thrust output is 
obtained. 

Attempts to increase valve life throush oh~~e of valve material 
and thickness have been unsuccAseful~ ora.:t. reports from llright Field, 
obtained subsequent to the teats reJ:lorted .!lere:fn indicate, ho\,·ever, 
that the time of satiefactory operRt!on can be increased to about 
1 hour by careful selt~ctlonJ honir.g 1 and. finishing of the valves. 

The method of reducing vRlve 1eterlorGtion investisatod in the 
p-resent teats conaists in dimlnieh:J.r..g the v£..lvo abock forces by 
cushioning the "Val\res t:b.rough use of a.n ont:~rgy--absorben.t :anterial on 
the valve st1B.ts. The ~~~-uirc:> g-;"1d o•A :~·ace of a production flapper
'-alve assembly wae coated with a i,:i\1 7 1 leyer o:f neoprene by means of 
a process developed by the B. F. Goo~·J.'ich Com:i)any of Akron, Ohio. 
;2brust-etand endurance testa of th:f s 1:1.0difled valve assembly installod 
in a pulse-Jet engine was conducted at high thrust outputs during · 
July 1945 and the results are presented herein. 

APXARATUB A...""'D METHODS 

The 22-inch-diameter (maximum) pulse-jet engine used in the tests 
is described in references 1 and 2. The principal dimensions o:f tho 
engine Sholl and the positions of the valve-grid assembly and the venturi 
are shown in figure 1. The thrust test stand and the method of simu
lating ram pressure and other installation and instrumentation details 
are essentially the same as those described in reference 1. In order to 
obtain a better indication of the valve-grid operating temporatt~es, the 
thermocouples previously installed on the upstream face of the grid 
(see reference 1) were transferred to the downstream face. The process 
ueed by the B. F. Goodrich Com.pa.ny to rA8o:prene-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 late~, washed with water, and drained with the trailins 
edge up. 
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Выносная строка
Процесс, используемый компанией B. F. Goodrich Company для покрытия неопреновым покрытием сетки клапана, описан следующим образом:(a) Секции сетки обезжириваются, окрашиваются грунтовкой, чистятся неопреновым цементом, окунаются в коагулянт, а затем в неопрен, промываются водой и осушаются краем хвостовика вверх.
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channels is probably to improve mixing between the ccmbustion air and 
the fuel. A spurk plug inatol.led. on the canbuation-ohamber shell in 

· the· position iDdioo.t~ in figure:..~ .is .used for s~ar:tl~ .. the .e~. 

Figures 2 and 3 s,:t.•e photographs of the downs·tream and upstream 
faoes of the flapper-valve gt"id assembly and. show the nine centrifugal
spray :f\r.el-injeotion nozzleD, the three oompressed..:ail· jets, the fuel
!ilstribution manifold, ·and the campreosed-a.ir lines. The oanpressed
air jots, wh:!.ch are incorporated for static starting, were not used 
in the taste . 

.He~ sonant operation of the angina is as f'ollowe: The flapper 
'\"al\"ea op<;n und adm.it air intc the combustion chambar. The fu(.l opra.y 
mixes with the lncomine ah• uruJ. forme a COJilbusti blo mi.rture, which 1s. 
ignitorl b;y the, !'oaldUtll oxhuust g~Aes of tho previous exploslou. The 
prossuro rise rc.eul tine; f'l.·Ol!l th& o:.cplcei vo cam.bUDtion causes tho 
flu.ppur v::tl vos to snap shut a.gn.lr.ot the g1•id and tho burnc,d products 
of' CC.Jilbuet 1or. ·l·:o d -t sch.t.'l:::•gt)!:t reur~rur'dly th1"'0'.,Sh the tnil p lre, th11s 
llro·;id~ng u tl.trust im11t1lue on :.;hf.l (;ngj ne in u forwurd di roc tl·:>n. Tho 
outwat'd. :::-uob. of tJI.l.liOS from ~"" t.u.:..l j_)i.po l·ocluoo~~ tl.o r-ruas·u·o within 
thu C'JJII.bu.Gt:! on cb:nnbor, w}"liur_ c=..:.uat.a tho fl!.lppnr \"al YOA to l'uopon und 
udul it a now cl~ ... u·g;.~ cf' .:.d !". Tho cy~Jla thc.n ;•op.J•ltCI 1. tnolf f.l.t o. fro
quenc,r .go\0.1"7::.\..d by the rosQn;..l.l'lt .f'"l:'u~:pwncy of tho c..nglno tubo. 

T!:J.·u~t.~~.;.nd tb!'u;_Bt-m.u::u::Jring ayst~. ·· Fi...:;uro 4 :!.a n. schu
lil:lt ~C rl:i "l~'rltD. Of the. ·:Just 8..J I". up 8~1C.''W lng tlJ.u T.:....1UI~t tr..g i'rlllllO, thu thrust 
pl ~ ~fo1·.m u.r.d thl·uFJ r. ·!D.J" aurint:, 11 nkf'.gu , .:md. tho gonuro.l d uctin.'?. D.Y atom 
f',:,r empJ:ll.Yiil/3 combuut1on ....:..1 r to th:.o orJ.ginv. 'rhu l:Jh.L•oud.":J and. :iuctir.g 
of thu ccollfl~ .. tli:t• oyutom <.LJ1(]. otha1· duta~lD of' thu t0st lnut.a.lJ 'J.t1on 
m~ bu Su"'n ::.n tho photog:t·ailh of figuro b. Thu r-~.·onb ( Ul:'Eltrc.tliii.) 
oupport fot• tho .. .-Ili_;.inn conaistu .:.:f 11.11 ud.juat,..J.blt.' yokr,. hu.Yin[. flo..x:i blo 
l'nbbor-mt'untud bum·ing£-t at tho two support polnta 1'01· ctw.ilioniiJS tho 
Yiolontly fluctua.t:ing thl:uet i'orc0~ 0bt..linod.. dt'..r lng opo~at ion. ThE"J 
rc·:..r (dovmotroJ.m.) suppcrt ia fizod to tho fram£ with a oim'iJlO ellding 
bolt '.wd slot :u-r~·:.unc.nt to provid.o for thu e:.z:pllilLiion of tho aholl 
whon h.:•o.tod durtna normt\.l o,oratjon. Aftor iru..tit.U toate, tho 
uxtramt~ ond o:f tho tail piprJ w-.'.8 cl~od to tho frumo by I!l!YlilJJ ot' 
l!I.Ota.l strt:.ps to pro...vcut !..t frC!!l. wllippjl'lil :i.I'1fl. ll!l£ding during opura.tion. 
Tho thruot -platf'Cirm.1 uron wh:fch the.. Jnountil1G f'ramo 1CI bcltod, 1o 
ou-ppor"to\i by b:lll. ll.I'.d. roll..Jl' bucrino link6.(I,O!l r..bovu ~1 bt..dp!.a.tc 
oocut"oly WJ.Cho1•od to ~\Il j r;ol;-:.tc.ld concroto block fJot in the ground. 

The tbz"'\.lat platform; the support l"lllkagea, and the bed.plate form 
the sides ot a. pin--jointed parull·?loaram. The l'eor support linkages 
and a thrust 3.l"m are keyed to a common ahaf'i to i'or.m a. belJ,.·: crank 
arrangement with a 10:1 lever~e ratio. The forces on the engine 
are transmitted from th13 thrust platfo-rm, through the boll: crank, to 
the platen of' a hydraulic piston-cylinder assembly. Korosene ia 
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~ predicted sea-level flight thrust, pounds 

vo free-st~am-ilisht velocit7 ~orrespandtDg to the-simulated r&m 
pressure at which F 3 is obtained, feet per second 

Im'BULTS ~"'ID DIBQUSSION 

A ~ of' the data obtained during the first 43.6 minutes of' 
test:hlS at variable operating conditions is presented ir;t table I. A 
similar SUllii1Bl'7 of the data subsequently obtained at constant oper
ating conditions (simulated ram pressure, 58 in. water; fuel flow, 
2800 lb/hr) is presented in table II. The run numbers listed in the 
tables indicate periods or continuous operetion of' the engine. Values 
of both the jet thrust Fj (see equation (1)) and the corresponding 
predicted sea-level fligb:b thrust F (see equation (2)) are included 
in the tables. 

Tho jet thrast and the combustion-air ve:lsat flow for the con
stant operating conclitions (data from table II) are plotted asa!nst 
total operating time in figures 2 and 3 1 respectively. Ins-pection 
of these figures indicates that the engine apparetnly operates between 
a low--power and a high--power level at irregular intervale; <l_uri~ 
the tests this cha~ in pm.-er leyel wa~~~.n1eLby a very 
~ot1ce-~"!)~~ -~~--1u.l}.Qt~~ intensi~.!l:Q in the ampli~ud_e_ C?.!. _t?e 
induced. tlbra.tl.ona.. The explanation for the sporadic variation in 
power level is not known. The average jet thrust obtained during 
the constant operating condition (fig. 2) '- s 855 -pom1ds and the 
aveJ.•a.ge combustion-air flow (fig. 3) is 10.75 pounds per second. 
Durina the tests of reference 1 a standard uncoated valve-grid 
assembly operating at the same ram ~ressure and fuel-flow conditions 
developed an average jet thrust or ap-proximately 890 pounds at a 
combustion-air flow rate of 11 pounds per second. This result would 
indicate a slight~ adverse effect or the neoprene-coated valve-grid 
assembly on the performance of the pulse-jet engine, which is 
attributed to the reduction in free-flow area of the grid caused 
by the neoprene coating. 

The jet thrust and the combustion-air weight flow show no tend
ency to drop (rigs. 2 and :3) even after 163.6 minutes of operation, 
indicatins that the valve deterioration at this point is of insuf
ficient magnitude to affect performance. The condition of the 
flapper-valve grid assembly after a total operating time a£ 
51.6 minutes and 16:3.6 minutes is shown in figures 4: and 5, respec
tively. After 51.6 minutes of operation no deterioration of the 
valves was visible except for slisht discolorations, which apparently 
were not harmful. After 16:3.6 minutes of operation, one valve was 
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completely broken oft near the rivet holes, evidently' due to f'atigoe 
in ·flenre1 and- three other valV$S ~r~-.~Si.~i~ to split and fra;r 
near the trailing edges. Although the valve assembly' could possibq 
have been operated for additional time without ~ppreciable loss in 
performance, 163.6 minutes is taken as a: conservative estimate of 
the life of the neo}:>rene-coated flapper-valve grid assembly' for the 
operating condition at high thrust ou'bput. This value of valve life 
represents an app1•eciable incl~ee over the 30-minute life of a 
standard unit. Observations of the temperature of tl1e downstream 
face (fl.a.ma side) o~ the valve grid duriDS the last part of the 
tests indicated a JIELXimum grid temperature o:f 280° F 1 which is well 
below the 380° F aafo limit specified for the neoprene coating. 

Inspection of the grid at intervals durins the course o:f the 
teste rovealod a el1ghtl7 adhesive or tacky condition of the rubber 
coating, which caueod the valves to stick to the grid. Although 
this condit~on ap~rently did not affect the performance of the 
eng1na 1 it ~ight roeeibl~ have un adverse offect on stutic starting 
of the engine. R&prueentativee o£ the B. F. Goodrich Compa.oy 
attr1.buto the tac~ condition to the presence of excess quantities 
o~ the coagulant used in tho coating pr~cess and not to the char
acteristics of the neoprc:::1e itself, which tends to harden with "9ro
longod e1:poaure to heat. They belieYe that cureful washins of the 
coating prior to the dr,yii1.3 u!ld curing phases of the process will 
ghe the desired results. 

StM!ARY OF RESULTS 

The results of thrust-stand teste at high thrust outputs of a 
22-inch-diameter pulse-jet engine equipped with a neoprene-coated 
valve-srid indicate that: 

1. The operating life of the pulse-jet engine, as limited by 
valve deterioration, was 10I18er than 164 minutes as compared with 
30 minutes for the standard valve assembly. 

2. The average jet thrust dev&loped by the engine was 855 pounds 
at simulated ra.m PJ.~essuro of 58 inches of water and fuel flow of 
2800 pounds per hour and did not depreciate during the 164 minutes 
of operation. This value of thrust represents a 4-percent reduction 
in perfoi'IDWlce from the average 890 pounds of thrust obtained with 
the standard valve grid under eimila.::o opel'B.iiing coud1ti011e •. 

Aircraft EngiDe Research Laboratory, 
National Advisory COIIIDittee for Aeronautics, 

Cleveland, Ohio 1 October 3 1 1945. 
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TABLE l - SUMNARY OF TEST DATA AT VARIABLE OPERATING TEST CONDITIONS 

,RIIIl Totai oper- sfir\ula ted FUel flow Fuel- · · 
atin& tiae ram prea- (lb/hr) nozzle 
of flapper eure preaeure 
va).ve at (in. (lb/aq 
end of fun water) in. &aee) 

(a in 

I 58,6 3400 68 
68.7 3200 63 
59.0 2800 41 

3, I 68.4 2400 31 

2 69, I 3400 69 
68.6 3200 63 
66.5 2800 40 

6.0 59.3 2400 32 

3 38,4 3000 37 
38.4 2800 33 
39.9 2400 24 

9.0 40.8 2200 20 

4 37.6 3000 46 
38.0 2800 40 
40.0 2400 30 

12.0 40,2 2200 25 

6 58.8 3400 58 
13.6 58.9 2800 51 

6 38.8 3000 -------
37.8 2800 40 
37.8 2400 31 

16.4 40. I 2200 27 

7 17.3 19. I 2400 - ------
8 67.4 3200 -------

19.9 57.6 2800 ------
9 69.0 2400 31 

58.0 3200 51 
69. I 2800 40 

22.4 68.7 2400 31 

10 38.7 2800 37 
38.8 2400 30 

26.0 38.9 2200 26 

II 37.E 2800 39 
36.7 2400 30 

37.6 40.3 2200 26 

12 16.8 2400 215 
20.4 2000 21 

30. I 20.6 1600 ------
13 18.7 2400 26 

19.3 2000 21 
32.7 19.8 1600 --------

14 38.6 3000 43 
38.7 2800 311 

36.4 37.6 2400 31 

IS 37.6 3000 42 
37. I 2800 40 

38.1 37.4 2400 31 

16 67.11 3200 60 
67.2 2800 41 

40.9 eo.3 2400 ------
17 58.4 3200 60 

67.4 1800 41 
43,6 60., 2-400 31 

Coabuation-
air wei&ht 
flow 

(lbfhr) 

39,960 
40,320 
37,800 
36,360 

39,600 
38,880 
37,440 
36,000 

35,640 
32,400 
30,960 
30, 240 

3f,360 
35,280 
.32,040 
-31,320 

40,320 
37,800 

33,840 
35,280 
31,320 
30,960 

30,960 

39,600 
37,800 

3f,OOO 
38, 160 
39,960 
35,640 

33,480 
34,920 
30,960 

35,280 
32,040 
31,320 

28,080 
26,640 
24, 120 

28,080 
27.360 
24. 120 

33,480 
34,200 
31,680 

36,640 
34,920 
32,040 

39,960 
37,440 
3fl.OOO 

38,620 
37,800 
36,640 

Coabuation- Jet thruat Predicted 
air temper- (lb) sea-level 
ature fliiht 

(°F) tnruat 
(lb) 

80 842 668 
77 883 707 
78 866 700 
79 806 646 

128 763 679 
128 868 688 
131 786 627 
133 692 533 

139 728 602 
137 699 588 
138 699 488 
137 561 440 

88 768 631 
86 731 607 
87 699 583 
86 652 538 

86 867 69 I 
86 847 682 

136 709 589 
136 738 614 
136 660 540 
136 639 528 

135 531 454 

85 794 623 
84 843 679 

85 743 585 
130 774 608 
132 800 624 
133 745 589 

134 725 606 
134 661 53? 
136 640 530 

94 761 638 
93 723 612 
93 646 532 

79 644 681 
79 658 490 
79 363 30 I 

126 686 513 
128 609 440 
128 429 368 

134 703 584 
135 737 616 
136 696 596 

' 
91 773 649 
89 764 642 
811 702 590 

86 781 608 
84 821 669 
83 749 689 

136 788 610 
136 784 620 
137 694 536 

NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 
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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 lb/hr; fuel-nozzle pressure, 41 lb/sq in. gage; 
combustion-air temperature, 94° F] 

Rlll1 Total oper- Simulated 
ating time ram pres-
of flapper sure 
valve at (in. 
end of run water) 

(min) 

18 46.8 58.4 

19 49.9 59.2 

20 51.6 59.0 

21 58.0 
56.8 

59.1 57.3 

22 60.0 
57.9 
57.5 
57.6 
58.6 
57.6 
57.8 
58.5 
57.2 
57.8 
57.2 
56.9 
58.1 

74.1 58.0 

23 57.0 
57.6 
57.2 
57.7 
58.3 
57.9 

87.0 58.5 

Combustion- Jet Predicted 
air weight thrust sea-level 
flow {lb) flight 

(lb/hr) thrust 
(lb) 

36,720 766 605 

36,720 766 605 

36,360 702 540 

39,960 876 702 
37,800 814 651 
37,440 838 676 

38,520 867 696 
38.,520 851 683 
38,160 868 703 
38,160 837 672 
38,160 863 696 
39,600 812 640 
39,600 794 621 
37,080 860 698 
37,800 879 716 
38,160 897 732 
37,4110 868 706 
37,800 853 690 
37,440 820 657 
38,520 838 671 

37,440 843 682 
37,800 853 689 
38,520 875 708 
39,600 867 696 
38,160 894 728 
39,600 944 772 
37,800 873 708 

National Advisory Committee 
for Aeronautics 
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Run 

24 

25 

TABLE II - SUMMARY OF TEST DATA AT CONSTANT 

OPERATING TEST CONDITIONS - Continued 

Total oper- Simulated 
ating time rem pres-
of flapper sure 
valve at (in. 
end of run water) 

(min) 

58.2 
58.1 
58.4 
57.4 
58.4 
57.2 
57.3 
55.3 
58.0 
58.0 

112.1 56.8 

58.0 
59.2 
60.1 
57.1 
59.0 
57.3 
57.0 
56.3 
57.6 
57.7 
57.0 
59.0 
58.0 
58.0 
58.0 
58.0 
58.0 

142.1 59.0 

Combustion- Jet Predicted 
air weight thrust sea-level 
flow (lb) flight 

(lb/hr) thrust 
(lb) 

39,960 841 667 
37,800 872 707 
37,800 857 692 
39,240 910 740 
37,440 820 657 
37,800 861 698 
37,800 840 677 
37,800 907 746 
37,440 845 682 
38,520 843 675 
37)440 865 704 

39,600 839 667 
39,960 851 675 
39,960 859 682 
39,960 914 741 
39,960 926 750 
39,960 788 615 
38,880 861 693 
38,880 788 622 
39,960 872 698 
38,880 890 721 
38,520 890 723 
37,800 862 696 
39,600 897 725 
37,440 839 676 
39,240 886 716 
39,960 865 691 
37,800 860 696 
39,600 900 727 

National Advisory Committee 
for Aeronautics 
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Figure 2.- variation of measured jet thrust with flapper-valve operating time. Average simulated 
ram pressure, 58 inches of water; fuel flow, 2800 pounds per hour. 

'" Cl'l 
c.. 
0 
~ 

- -· - - ----· · - ·- """\ 

http://www.abbottaerospace.com/technical-library


() 
Q) 

"' ~ 
~ 12.0 

NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 

0 ,,..... 
l If 
I !)., ~ p ud 2 

~~i 
--a 0 ICTO 

0-

L j_ l j_ 

I I l J_ 

19 20 21 22 

45 50 60 7q 

THIS DOCUMENT PROVIDED BY THE ABBOTT 

TECHNICAL LIBRARY 
ABBOTTAEROSPACE.COM 

" kverage air flow, 10.75 lb/sec 
I r--.... 

rj_ 
I t ... 0 

t .... _,.., _,.. _.Q. Q ~ ' ,., _,.J:. 1M). . -
l I~ ~LL _1 .'b l!_b L 0\ r _)., ..-- -
.d.. 0 l{ D.J Ll~ [,.,.,.. ~ 1 IU..J._ IV 'll 

10'- - - 0,_ 1--,11 "'0 - 0 ; 

i 1 1 ' I 
I I I 

,_ 
I 

23 24 25 26 

Runs ' 

80 90 100 110 120 130 140 150 160 165 

Total flapper-valve operating time, min 

Figure 3.- Variation of combustion-air weight flow with flapper-valve operating time. Average eimulated 
ram pressure. 58 inches of water; fuel flow. 2800 pounds per hour~ 
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Figure 4.- Neoprene-coated flapper-valve grid assembly after 51.6 minutes lafter 

run 20! operating time. 
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Figure 5. -Neoprene-coated flapper-valve gria assembly after 163.6 minutes operating 

time. 
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