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SUMMARY

Data from a sea-level investigaticn of a 22-1inch-diameter
pulse-Jet englne 1nstalled on a thrust stand were analyzed to
determine the effect on the engine performance of a change 1n
combustion-air temperature firom approximately 80° to 1300 F. The
tests at both combustlion-alr temperatures covered a range of
simulated ram pressures from 19 to 58 inches of water for the fuel-
flow range of resonant operation.

The results show that, whon the combustion-alr temperature was
increased from 80° to 130° F for the same copditions of fuel flcw
and simulated ram pressure, the Jet thrust was reduced about 6 to
10 percent, which 1s roughly equlvalent to the percentage Increase
in abasolute temperature of the combustion ailr. This reduction 1n
Jot thrust was accompanied by a reduction of only O to 4 percent
in combustion-ailr flow thus indicating that the loss 1n.englne
perfcrmance with lncrease in combustion-air temperature is due to
reduced engine thermal efficiency as well as decregsed combustion:-
alr consumption.
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IRTRODUCTION

At the request of the Air Materlel Command, Army Air Forces,
anrd the Bureau of Aeronautics, Navy Department, an investigation
1s belng conducted at the NACA Cleveland laboratory to improve the
performance and to extend the operating life of the pulse-Jet englne.
As part of this investigation, thrust-stand tests were conducted to
determine the sea-level performance of a 22- inch-d‘ameter pulse- jet
engine at simulated rem pressures of approximately O, 18, 40, and
58 inches of water over the entire fuel-flow range of resonant
operation (reference 1). The temperature of the combustion air in
these tests was of the order of 80° F.

In addition to the tests of reference 1, endurance tests were
conducted on the 22-1Inch-dlameter pulse-Jet engine equlpped with a
standard flapper-valve grid assembly tat was modifled by the use
of a shock-absorbing neoprene coating over the grid surfaces (ref-
erence 2). Part of the endurance tests were conducted at comparable
opegating conditions with caombustion-alr temperatures of 80° and
130° F.

The test data obtained in reference 2 at combustion-alr tempera-
tures of approximately 80° and 130° F are analyzed herein to deter-
mine the effect of combustlon-alr temperature on the performance of
the pulse-Jet engine. In order to provide a further check on the
effect of the comtustion-air temperature, limited tests were con-
ducted with a gtandard grid assembly at a combustlon-alr temperaturs
of approximately 130° F and the test results are compared with
those of reference 1.

APPARATUS AND METHODS

The data analyzed hereln were cttalned from tests of the 22-Inch-
diameter pulse-Jet engine using both a standard grld assembly and a
neoprene-ccated grid assembly. The neoprene-coated grild assembly
was made by coating the entire grid surfaces of a standard grid
assembly with a thin layer of neoprene (reference 2). The principal
dimensions of the engine shell and the positlons of the flapper-
valve grid assembly and vonturl are shown in figure 1. The thrust
stand, the method of simulating ram pressure, and other installation
and Instrumentation detalls are essentially the same as described
In reference 1.
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During the tests, the combustlion-alr temperature was varicd
_and controlled by means of an air-tempering tank located in the
combustion-elr ducting system (reference 1). The air-tempering
tank contalned meparate steam and water colls and automatically
controlled louvers for regulating the relative flow of combustlon
alr through the hot and cold portions of the tank. The lowest and .
highest temperatures obtainable in the tests were about 80° and
130° F, respectively. The nature of the temperature-control equip-
ment did not permit precise regulation of the cambustion-air tempura-
ture during the tests.

The range of simulated ram pressure, fuel flow, and combustion-
alr temperature covered 1s presented in the followlng table:

Grid Nominal Fuel-flow (Nominal Source
assembly |similated range ccmbustion- of test
rem pressure;(1b/hr) lair temperature | data
(in. water) (°F)
Neoprene- 19 2000-2400 80, 130
coated 28 2200-%00 80, 130 Reference 2
58 2400-7400 80, 130
38 2000-3000 130 ‘
57 2400-3200 130 SubJsct Report
Standard -
40 2000-3000 80 .
58 2200-3400 80 Reference 1

The procedure followed 1nsetting and obtaining stabillization of the
test condltions and in recording the test data 1s described in
reference 1.

In the tests with the neoprene-coated grid assembly. compareble
operating conditions for the two values of combustion-eir temperature
were within 3 minutes of englne operation, This procedure aspsures
that the measured effects of combustlon-alr temperature on englne

performance do not include any effects of possible valve deterilora-
tion obtalned durlng the tests.

The tests with the standard grid essemkbly were conducted at a
combustion-alr temperature of approximately 130° F in order to
afford e comparison wlth the results of reference 1 obtained at a
combustion-alr temperature of 80° F. Because of the limited number
of points obtalned at 130° F, the performance comparison at the
two values of combustion-air temperature is used only for
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qualitatively checking the trends Indicated by the more complete
test results obtalned 1ln the tests wlth the nsoprene-coated grid
assembly.

The Jet thrust, which 1s calculated from the test measurements
by the method described 1n reference 1, represents the gross thrust
of only the exhaust Jet and is therefore greater than the actual
thrust that would be obtalned in flight by an amount equal to the
drag assoclated with the momentum of the ailr entering the engine.
The Jet thrust may be glven by the expression

F,="1v (1)
g

where

FJ Jot thrust developed by engine, pounds

W combustion-alr weight flow thrcugh englne, pounds per second
g acceleration of gravity, 32.2 feet per second per second
VJ effective Jet veloclity, feet per second

The performence comparison at the two values of combustion-air
temperature includes comparisons of combusticn-alr weight flow,
effective Jot veloclty. and gross Jet thrust for the seme comditions
of fuel flow and simulated ram pressure.

RESULTS AND DISCUSSION

A summary of the test results obtained with the neoprene-coated
grid assembly at variable conditions of fuel flow and simulated ram
preasure for combustion-air temperatures of apprcximately 80C and
130° F is presented In table I. Reference 2 shows that no notice-
able valve detericratlion ococurred during the total pericd of
operation; hence, the test results glve a true plcture of the per-
formance of the eng-ne at the two values cf combustlon-alr tempera~
ture for the range cf ram preassures and fuel flows tested. The
variaticns of combustion-air flcw, effective Jjet veloclity, end
Jet thrust with fuel flcw are piresented in figures 2, 3, and 4,
respectively, for simuleted ram pressures of 19, 38, and 58 inches
of water and for combustion-alr temperatures of approximstely
80° and 130° F. Although the reprcducibility of the test data is
shown tc be only of the same order of magnitude as the measured
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effects of the change in combustion-alr temperature on the engine
performance, a sufficient number of data points was obtained to
permlt detezmination of an average effect of change 1n ccmhust Llon-
air temperature on the engine performance.” '

It is evident fram flgures 2 to 4 that the increase in combustion-
air temperature from 80° to 130° F has a detrimental effect on the
englne performance. This lose of englne per;ormance may be con-
veniently summarlized as follows:

: Average reduction due to change of inlet combustion-
Simulated ram |81r temperature from 80° to 130° F
pressure (percent)
(in. water) i
Combustion-alr Effective Jet
flow velocity Jet thruat

19 0 10 10

38 4 2 6

59 a L 7 9

The reduction in Jet thrust from 6 to 10 percent obtained with the
increase of combustion-eir temperature from approximately 80° to

130° F is roughly equivalent tc the percentage increase in the
absolute tomperature of the ccmbustion alr. The loes of engine
thrust due to the Increase of combustion-air temperature 1s much
greater than that accounted for by the reduction of combustion-air
conswmption; thilse result indicates that a loss of engine thermal
efficlency is also Involved, as reflected by a reduction 1n offoective
Jet velocity.

A summary of the test data obtainsed wlth a standard grid
aspembly at simulated ram pressures of 40 and 58 inches of water
for a combustlon-alr temperature of approximately 130° F is
presented in table II, A total of about 20 minutes operatling time
vas accumulated. In thls interval no evidence of serious valve
deterioration was noted. A comparison of these results with thcse
of reference 1, which were established fcr a combustion-air tempera-
ture of 70° to 80° F, 1s made in figures 5 to 7. The performance
results of reference 1 are represented by solid lines; dashed lines
are falred thrrough the limited data points obtainsd for a combustion-
alr temperature of 130° ¥. Trends similar to those obtained with
the neoprene-coated grid assembly are shown for a change in
combustion-alr temperature.
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A comparison of the freguency values glven 1ln table II with
those obtalned in the tests of reference 1 shows that the engine-
cycle frequency 1s not affected by the change of combustion-air
temperature.

SUMMARY OF RESULTS

The results cf a sea-level thrust-stand Investigation conducted
on a 22-inch-diemeter pulse-Jet engine- show that, when the combustion-
alr temperature is increased from 80° to 130° F for the same con-
ditions of simulated ram pressure and fuel flow, the fcllowing lcsses
in englne performance are cbtalned:

Average reduction due to change of inlet

Nominal Fuel-flow ccmgustion-air tempcrature from 8C° to
simulated range 130° F ( £)
rem pressure|(1b/hr) percent,
(1n. water) Combustion-air | Effecti t
ustion-air ectlve Je
flow veloclty Jet thrust

19 2000--2400 0 10 10

38 2200-3000 4 2 5

58 2400-3400 2 7 9

The percentage reducticn In Jet thrust Is epprox!mately egquivalent
to the percentage 1lncrease 1n absolute temperature of the combustion
alr Tor the same condltloans of fuel flow and simulated ram pressurs
over the range tested. -

The reduction of engine thrust is due to decreases in both
combustion~alr consumption and englne thermal efflciency.

Alrcraft Engine Research Laboratory,
Natlonal Advisory Commlttee for Aoronautics,
Clevelend, Ohlo
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& TABLE I - SUMMARY OF RESULTS OBTAINED WITH

NECPRENE-COATED GRID ASSEMBLY

Run {Simu-~ |Fusl Fuel- |Combus- | Baro- |Canbus-|Fuel-|dJet Effec-|Total
lated |flow|nozzle|tion- metric|tlion- alr |thrustjtive oper-
ram (1b/ |pres- |air pres- |air ratio| (1b) | et ating
|pres- hr) |sure |tempera-|sure {(flow velo- |time
‘|sure (1b/eq|ture (in. [(1p/ city |at end

(in. in.) | (°F) Hg br) (£t/ |of rum

vater)| abs, ) gec) |(min )
1} s8.5 | 3400| 58 80 29,33} 39,96040,085 842 2444

58,7 3200 53 77 29.33| 40,320} .079 883 | 2540

59.0 2800 41 78 29,33} 37,8007 .074 866 2855

58.6 2400 31 72 29.33| 36,3580f .066 805 2566 3.1
21 59.1 3400 59 128 29.33| 39,600;0.086 753 2205

58.5 | 3200 53 128 29,33 38,6880} .032 858 | 2557

55.5 2800 40 131 29,33 37,440} .075 788 2433

59.3 2400 32 133 29,33| 36,000 .067 592 2227 5.0
3] 38.4 3000 37 139 29,33) 35,640)0.084 728 2366

36.4 | 2800] 33 137 29,33| 32,400f .086 699 | 2501

39.9 2400 24 138 28,33] 30,980} .C78 599 2244

40.8 2200 20 137 29.33| 30,240} .073 551 2111 . 9.0
41 37.6 3000{ 486 88 29.33| 36,360({0.083 758 2418 !

38.0 | 2800| 40 86 29.33} 35,2801 .079 731 | 2402 !

40.0 2400 30 87 29,33| 32,040f .C75 699 2525

40.2 2200 25 86 29,33} 31,3201 .07C 652 | 2412 12.0
51| 58,8 3400 58 86 29.33| 40,320}0.084 867 2494

58.9 | 2800| 51 86 29,33} 37,8001 .074! 847 2598 | 13.6
6| 38.8 | 3000 [~----- 135 | 29.33| 33,820]0.0e9| 709 | 2429

37.8 2800 40 135 29,33| 35,2807 .079 738 2425

37.8 2400 31 136 29.33| 31,320} .C77 650 2404

40.1 | 2200| 27 136 29.33| 30,¢50, .071 6391 2394 | 18.4
7119.1 2400 |====== 135 29.33| 30,9600.078 531 1990 { 17.3

NATTONAL, ADVISORY COMMITTEE
FOR AERCL/AUTICS
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TARLE I - SUMMARY OF RESULTS QBTAINED WITH
NEOPRENE-COATED GRID ASSEMBLY -~ Concluded
Run Fuel Combus- | Baro- |Combus-|Fuel-|Jet |Effec-|{Total
flow tion~ metric{tion- alr [|thrust|tive |oper-
(1v/ alr pres- |air ratio|(1b) | Jet ating
hr) tempera-| sure |flow velo- |time
ture | (in. !(1v/ city |at end|
(°r) Hg hr) (£t/ |of run
abs. ) pec) | (min )
8 %200 85 29.05| 39,600]/0.081) 794 | 2325
2800 84 29.05| 37,800{ .074| 843 | 2585
2400 . 85 29.05| 36,000| .067| 743 2392 | 19.9
9 3200 130 29.05| 38,160{0.084! 774 | 2350
2400 133 29,05| 35,640| .0687| 728 | 2387 | 22.4
10 2800 134 29.05| 33,480{0.084| 725 | 2509
2200 135 29.05| 30,960| .071] 640 | 2397 | 25.0
11 2800 94 29.05| 35,230{0.079| 761 | 2502
2400 93 29.05| .32,040| .075] 723 | 2616
2200 93 29.05| 31,320| .070| 646 | 2391 | 27.5|
12 2400 79 29.18| 28,080[0.086! 644 | 2660
2000 79 29.18| 26,640{ .075| 558 | 2430 |
2400 126 29.18| 28,080| .085; 586 | 2418
19.3 | 2000 128 29.18| 27,360| .073| 509 | 2155
38.5 | 3C00 134 29.18| 33,480| .090| 703 | 2433
38.7 | 2800 135 29.18| 34,200{ .082| 737 | 2499
37.6 | 2400 136 29.18| 31,680) ,076| 696 | 2545 | 35.4
13| 37.5 | 3000 91’ 29.18| 35,640/0.084| 773 | 2515
37.1 | 2800 89 29,18{ 34,920 .080] 7 2536
37.4 | 2400 89 29.18} 32,040] .075! 702 | 2540 | 38.2
14| 57.9 | 3200 85 29,17 39,96010.080| 78L | 2237
57.2 | 2800 84 29.17]| 37,440| .075{ 821 | 2542
60.3 | 2400 83 29.17| 36,000 .c67! 749 | 2411 | 40.9
15| 58.4 | 3200 135 29.17| 38,520(0.083| 788 | 2370
57.4 | 2800 136 29.17| 37,800{ .074| 784 | 2404
60.3 | 2400 137 29.17| 35,640 .067| 694 | 2256 | 43.6

NATTONAL ADVISORY COMMITTER
FOR ARRONAUTICS




TABLE II - SUMMARY OF RESULTS OBTAINED WITH STANDARD GRID ASSEMELY

Run{Simu- |Fuel{Fuel |Combus-~ | Baro- Combus-‘lFuel- Jet Effec-|Fre- Total
lated |flow|nozzle|tlon- metricjtion- |alr - |thrust|{tive |quency |opera-
rem - | (1b/|pres- |air pres- |alr ratio|(1b) |Jet (cycles/|ting
pres- hr){sure |tempera-|sure |{flow velo- | sec) time
sure (1v/ |ture (In. {(1v/ city at end
(1n, 8q (°r) Hg hr) (£t/ of run
water) in.) abs,) sec) (min )
1} 57.7 |3200] 60 130 29,08| 40,310{0.079 906 | 2603 39

52.7 |2400f 36 130 29,08] 37,090] .065{ 716 | 2237 42 10.8
2] 57,8 |3400] 70 134 29,08 40,310{0.084 B4l | 2416 38

56.6 |2800| 49 133 29.08]| 38,520f .073 825 | 2487 40 12.6
3| 37.3 |2800] 47 128 28.99} 34,560{0.08L| 779 | 2614 |-~~=====

39,5 |2000f 27 128 28.99| 31,320( .064 673 | 2489 |~~—m===-= 19.0
4| 33.3 |3000]| 52 124 29,13] 34,560]0.087 766 | 2571 39 20,7

NATIONAL ADVISORY COMMITTEE
FOP. AERONAUTICS
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Figure |I. - Dimensions of 22-inch-diameter pulse-jet engine.
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Figure 2. - Effect of combustion-alr temperature on combustion-air

flow for various test conditions. 22-inch-dlameter pulse-jet

engine (neoprene-coated valve grid).
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Figure 3. - Effect of combustion-alr temperature on effective Jet

velocity for various test conditions. 22-inch-diameter pulse-jet
engine (neoprene-coated valve grid).



Jet thrust, 1b

NACA MR No. EB6GO

NAT'ONAL ADV'SmY IBARE RAR S 'vil"vvv AARAE RAAAS vvrv]vvvvlrwu-v.lvvv':
COMMITTEE FOR AERONAUT ICS c::;;::;:srgir:
3 (°F) 3
1000 F 3
- o—— 83 3
C +t-—= 132 3
800 F r’/, :ﬁ/ SRR i )
= :
600 =
2200 2400 2600 2800 3000 3200 3400
Fuel flow, 1b/hr
(a) Ram pressure, 58 inches water.
C 3
800 F 3
: /———_- - _— :
- /AK - ~%f :
F /Qh—/’———": 3
600 F - 3
o y o— 90 3
: t——— 136 3
s00f C
2000 2200 2400 2600 2800 3000
Fuel fiow, 1lb/hr
(b) Ram pressure, 38 inches water.
800 | -
- o-— 79 E
a0 = — r--- 127 3
C -4 p
3 /0/——"—_, “ 3
- -4
C
m 2 lilieilrl 114 h ALl A4l A Al A W | A LA LA b d LA bl deeded d 2433213202 LLLL LAl) Lid

1800 1800 2000 2200 2400 2600
Fuel flow, 1lb/hr

(¢) Ram pressure, 19 inches water.

Figure 4. - Effect of combustion-air temperature on Jet thrust for
various test conditions. 22-inch-diameter pulse-Jet engine
(neoprene-coated valve grid),
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Figure S. - Effect of combustion-alir temperature on combustion-air
flow for various test conditions.

engine (standard valve grid).

22-inch~dlameter pulse-=-jet
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Figure 7. - Effect of combustion-air temperature on Jet thrust for
various test conditions. 22-inch-dlameter pulse-jet engine
(standard valve grid).
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