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Durirg this report peric: another parameter has
been included in the study of Pulse-Jdsl engines oty means of
the Pulse-Jet Analog. .

Report No. RR-19 has described the circuits and
technigues which are used In the tests, Flg., 3.,2-1 of
that report should be reviewed,

Tne present studies have 1lncluded Freausncy as a
variable parameter, Pulse Length and Valve Forward Resistance
are also shown as variable parameters, Technigques of operat-
ing the Analog have been improved as well as methods of
presenting data, It is found that pulsineg frequency is a very
important factor in the system, and that the optimum f{requency
for an engine having low valve resistance 1s very different
2s compared with one having high valve resistance,
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2,0 INTRODUCTION

This report describes work accomplished on item
1.7 of Exhibit A, Supplementary Agreement No, Y of Contract
AF33(600)-5860 during the months of October and November, 1953,

This 1s the second report to be submitted describing
the use of the Pulse-Jet Analog as a design tool for development
purposes The report is submitted by the American Helicopter
Co.y Inc. describing the study program being conducted by
Paul S, &eneklasen, Consultant in Acoustics,

The work was carried out and 1s reported by Paul S.
Veneklasen, and statr members W. B. Snow, G. F. Brockett,
M, 0. Herwlck, and D, E, Talbert,

S S . s <

1:.;,?“ B / -'?' /}Ld‘(‘l _I;‘ 4‘

—a !
TPy P
oW we o,

[gmsmuwﬁ CHANGID T3

PR -Ai”%l,.. = ey

e wens

3
# %
. )i

5
-
T

i

e
o ..‘-. - PN
M <

g 5 ..\...:«sn.?r g e
AT




£y bR

BRE. Lo
I

merican bhelicoprsr co. /mc.

——

IFICATION CHANGEE

—

MAMMAYTAN  GOACH, cavie *  mtta  a2IIONMa

AUTHCRITY:
LRRTh: SEHLE

350 D IS CUS S 3

The tests described in this report were designed
to show the effect of pulse frequency, pulse length and
valve resistance upon Thrust, and Specific Thrust. The
same circult configuration was employed as for the tests
described in Report No, RR-19 for September, 1953, Fig.
Ne. 3.1 1llustrates the effects for a single pulse length
and valve forward resistance for a range of pulse frequenciles,
from 150 cps to 1050 cps. At the lowest frequency the pulse
energy 1s completely dissipated some time before the next
pulse arrives; at the highest frequency the Line is driven
at its fundamental quarter-wave resonant frequency, As in
the previous report, each figure shows the Source Current,
Line Input Voltage, Valve Input Current and Line Output
Current for a particular pulse frequency, arranged in a
vertical pattern which shows the time relationships accurately.

For example, consider Fig. 3.1-B, for a pulse
frequency of 250 cps., Pulse length was generated by a 1,0
henry inductance and a ,022 mf condenser and Valve Forward
Resistance was 650 ohms, The top wave form shows the imposed
inputl, pulse of Source Current, always adjusted to a peak
amplitude of 7 mililamperes. Note that the 'Yrest® portion of
the curve is .8 division helow the reference axis, an adjust-
ment made, as described in RR-19, to achleve zero average
de current into the Line, This means that the area under
the positive splke above the reference line is equal to the
area between the wvave~form and reference line during the
rest portion,

The Thrust, given by the second wave-form, is the
voltage generated across the Uine laput by the Soures Corrent
rulse shown by the large positive spike, and by reflected
current due to wave action, shown by the oscillating damped
wave train below the reference axls, In thls example the
wave 1s almost completely damped at the time of the next
pulse., Average thrust is the average cf the positive ana
negative portions of this curve; although the negative
phase lasts longer than the positive pulse, the positive
arca 1s greater and positive net thrust is obtained,

It should be observed that the positive spike of
Iine Input Voltage is essentially in phase with the Source
Current pulse, This 1s because the Line presents Character.
istic Reslistance to a short pulse when it is at rest, even
though 1ts impedance elements are essentially reactive, and
accepls energy from the Source for transmission down the
Line., In this case the ratic of peak voltage to pesk currsnt
is 4300 ohms -~ essentially theoretical Characterisiic Resisti-
ance,

SER CLASSIFICATION CHANGID T

UV osmatminopyil

-~



L it o e T RS QIR YT FANAI PR K TN

PP R—
. f@b&n&;aé@ﬁmuﬂhrcai%a

MANRAITAM  GEACH, carer

MPla. aRITONMA

The third wave-form shows Valve Input Current,
The short flat portion Jjust preceding the first negative
splke represents the time during the input pulse when the
dinde valve is closed. When the input pulse is over,
rerlected negative voltage arrives after a round trip down
the Line and back, as shown by the Line Input Voltage. This
causes the valve to open and current flows into the Line,
which 1s proportional to toe negative position of the Line
Input Voltage. This current is in phase with the voltage, and
represents loss of energy in the 650 ohm valve resistance,

At the bottom appears the wave-form of the Line
Output Current. The first positive spike is the current
resulting from tne arrival, at the output end of the Line, of
the original Source Current pulse, one-quarter of a fundamental
period later. This splke 1s reflected as a negative pulse
which 1s the first negative spike of Line Input Voltage, and
since the valve impedance 1s below Characteristic, thils 1s in
turn inverted upon reflection. Consequently, the second spike
of Line Output Current is in the same direct{on as the first
one and represents the arrival of the first reflection from
the valve end, three-quarters of a fundamental period after
the Source Current Pulse. The reflections sncceed each other
untll the pulse energy has been disslpated,

Other pictures in thnis series illustrate conditions
when higher pulse frequencies are employed. Interactions
occur between original and reflected pulses, They will be
discussed after presentation of some intermediate data, but
two pictureg should be inspected in preparation. In Fig. 3.2A
the Line Input Voliage is shown for the same conditlons except
that valve resistance is 2000 ochms. It will be seen that the
osciliations are reduced essentially to zero in a shorter time
than for 650 ohms, since this picture was taken at a pulsing
frequency of 400 cps., Fig. 3.34 is again for the 650 valve
resistance except a very short pulse is useds the action is
essentlally the same as before, although there are evidently
small secondary oscillations caused by hilgh frequencles
characteristic of this limiting pulse iength,

Using conditions exemplified by the photographs,
two sets of data were taken, varying different parameters
and shown in Figs. 3.4, 3.9, 3.6 and recorded ir .able 3,7,
These are plots of Thrust and Speciflic Thrust as functions
cf pulse frequency, where Specific Thrust is the average
Line Input Voltage divided by Total Source Current,
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Figure 3.4 illustrates the effect of pulse frequency
on Thrust for the constant "medium" pulse width (L=1,0 hy,
C=0,022 uf) as used in the previcus extended series of photo-
graphs, where Valve Forward Resistance is the parameter on
the curves,

£t very low pulse frequencies the Thrust rises in a
smooth curve, In this region the oscillacion decays completely
between pulses, so that average Thrust depends only on how
often a puise occurs. It is apparent that Thrust increases
for lower values of valve resistance, as pointed out in
Report RR-19, Primarily, this is because of the reduction
in the negative pressure across the valves, which produces a
negative Thrust, 2

At the bottom the curve for 4000 cnms, essentially
characteristic impedance, is smooth and reaches a brecad maxi-~
i mum near the fundamentsl resonance of the quarter-wave Line,
Irn. thls case most of the reflected energy 1s absorbed in
valve resistance on the first reflection, so that the wave
action is small. The high valve resistance causes a large
negative voltage loop, which subtracts from the positive spike
and causes the low value of Thrust, As the walve Besistance
is lowered, less energy 1ls dissipated in it and Thrust
Increases as the other curves demonstrate, The wave motion
is greater since the reflections are less damped,

As the pulse frequency increases, the curves begin to
show maxima and minima, which increase in amplitude, They
also level off., These effects are caused by the particular
phase relation between the pulse and the reflected wave motion
in the Line at the time of pulsing., Wher the Line voltage is
highly negative at the instant the pulse 'ries to drive it
positive, a smaller peak Thrust results and consequently
smaller average Thrus..

In Fig. 3.% the oscilloscope traces in Fig. 3.1 are
associated with voints along the curve of 650 ohms valve
resistance, and those of Fig. 3.2 are assoclated with the
curve for 2000 ohm valve resistance,

Althougzh we propose to limit ourselves in this
report to presentation of data, it is Interesting to note
that the frequency of greatest Thrust for a4 high valve
impedance (this is the frequency of quarter-wave resonance
of the Line, and the frequency at which precsent engines appear
to operate) is the frequency of minimum Thrust when a lower
value of Valve Forward Resistance i1s used, Note especlally
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that the curves for Fig, 3.2-2 in Report RR-19 were all for
this frequency. It is now clear that the improvements in
performance which were predicted there were based upon the
east favorable operating condition for the engine wlith low
impedance valves,

In Fig. 3.9 the curves of Fig. 3.4 are replotted in
terms of Specific Thrust. This is done for the following
reasont The Analog is, in each case, adjusted for a constant
value of peak source current, Thls means that the Total
Source Current will depend upon the pulse length, Also, for
a glven pulse length and peak current, all pulses are iaentical.
Therefore, the Total Source Current will be proportional to
frequency - 1.e, the number of pulses per second, Hence the
curves of Fig, 3.4 have inherentlv a variable Total Source
Current, i.e. equivalent of a variable fuel flow, This
variable must be taken out in order to present performance in
a significant light. The graph of Fig. 3.5 shows the varla-
tion in performance to be expected with a constant rate of
fuel flew., As compared with the performance at 1000 cps and
a high valve resistance, the potential improvement would seem
to be startling with the use of low Valve Forward Resistance
and low operating frequency, This implies the use of controlled
fuel injection.

The curves of Figs. 3.% and 3,5 have been for a con-
stant, medium value of pulse length., S8ince pulse length is
also considered to be a factor of considerable importance, the
study of thls parameter of the system was alsc undertaken as
a fynction of frequency. As noted in the previous paragraph,
when the pulse length is varied, keeping a constant peak
current, the results are not readily interpreted as Specific
Thrust., Accordingly, the conversion of the data to Spscific
Thrust was accomplished in the presentation of tne resulis
in Fig, 3.6, Furthermore, although data for short pulses at
low frequency w#s taken, the meter readings became too smalil
for good accuracy. Although they are shown in Table 3.7, such
results are not included in ihe grapn end will require further
study wlth more sensitive meters.

It is readily apparent that the sherter pulse lengths
do provide improveda performance of the Analog for the low
value of Valve Forward Resistance of 650 ohms. It 1s also
clear that the frequency of 1000 cps used for the study 1in
RR-19 was not favorable for this operating condition, because
very much larger values of Specific Thrust are achleved at
neighbeoring frequencies,
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We limlit ourselves here to presentation of the
data, Next month's report will present further information
which may be derived from the present data by way of explana-
tion and correlation,

We wish to indicate, however, that in evaluating
the effectiveness of a glven engine configuration, as
predicted by the Analog, several factors must be considered
which are not necessarlly cooperative, but must be compromised.
1. Specific Thrust is the hest indicator of overall
acononmy of performance,
2o Maximum Thrust per unit weight is important for an
Aaircraft power plant,
3. Maximum Thrust per unit volume is important f{or
drag considerations,

A given conflguration may not be optimum for all
these factors at the same time so that in Judging the prospects
of a given engine configuratirn a proper compromise must be
evaluated,

We wish to pnint ou*t that the data which is derived
from the Analog has implications and may be Jjudged in reldtion
to these three factors at least, For example: Compare Fig, 3.k
.and Flg, 3.5, From the point of view of economy, it would
appear desirable to operate at a very low pulse frequency,
gaining the full benefit of the sustaining resonance of the
tube, But, since Thrust decreases at low frequencies, the
size and weight of the package would have to increase to achleve
the necessary Thrust at a low operating frequency, A compro-
mise is obviously required, However, with low valve impedance,
the frequency of maximum Thrust is very much lower than present
operating frequencies, giving probable additional advantage of
lower operating temperature, B8uch factors and the reasons for
them become still more apparent in the correlation work which
is now in progress.
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CONCLUSIONS

It has been shown that the driving pulse frequency
is a very important parameter in Pulse-Jet performsnce.

For an engine having high Valve PForward Resistance,

as we judge the present engines to have, the frequency
for maximun Specific Thrust is equal to the quarter-
wave resonant frequency for the tube, or electrical
line in the case of the Anslog, For such an engine
the performance peak 1s very broad,

For an engine having a low value of Valve Forward
Resistance the performance i1s minimum at the quarter-
wave frequency. There are many frequencles of high
performance indicating that there are several strong
resonant modes to which the system will respond,

The performance in all these modes far exceeds that
¢f the high resistance engine., A frequency of
operation can be chosen which gives the desired
compromise between maximum Thrust and maximum
Specific Thrust, depending upon whether economy or
or thrust to welight ratio is of greater importance,
In fact, with an engine operating on an imposed
frequency cycle, as with fuel injection, a high
pulse frequency could be used for periods requiring
highest pertformance, and a lower frequency could be
used for periods of crulsing where greatest economy
is desired,

The strength of the resonant modes depends upon . thes
valve resistance and the pulse length, It is shown
that the resonance 1s improved and the performance
is maximized by using the lowest possivble valive
resistance and the shortest pulse length,

The present study hars been limited to medium pulse
length, but it seems clear that when technical
development permits the use of shorter puises, even
higher values of Specific Thrust will be predicted,

The present report is limited to presentation of
data., Further data showling interpretation and
correlation of results 1is in preparation.
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—_ marican Selicoplsr co. ine. % PAGE 16
. AUTHORITY,
Pyl 272 Pl Y
= DATED._LZ (raei A Busi
VALVE
INPUT
CURRENT
VALVE and
FORWARD TOTAL LINE
PULSE PULSE RESIST SOURCE INPUT OUTPUT SPEC,
FREQ. LBENGTH -ANCE CURRENT  VOLT. CURRENT  THRUST
REC,PHOTQ _cps X10=3 ohms ma volts ma ohms
1 s+ 150 o Sl 650 ) % 1.55 302
2 58 250 s 79 .18 250 305
E 62 400 097 «235 3.11 242
450 1.0% 425 2L0
5 - 520 1,09 .2k 220
6 66 ., 600 1.hb .28 365 95
7 125 , 720 1.68 .2k 3.18 147
8 70 4] 800 197 027 3.51 152
9 880 1.89 026 1h1
10 74 1050 2,28 o ) 2.41 Yo
11 1220 2.52 259 101
12 150 o 54 2000 <37 +09 665 135
la 78 400 .98 12 1,65 122
ik 520 1.27 A9 122
15 600 S lsal LB 2.22 11
16 149,153720 1.66 .18 2,23 10
17 o~ 0 1.66 .185 111
18 82 ‘,:’ 800 1, 77 ° 18 2 . Sl 102
19 + 1050 2,30 «165 2,20 72
20 - 1250 2.59 .18 69
[e'
21 150 o 5k L4000 »38 .02 0396 53
.22 520 1.24 .09 L) 72
23 720 1egd eal L 18 72 1
2 800 1.85 o145 1.8 78
25 1050 2.32 +155 1.9 67
26 2180 3.32 .00 072 0
2 150 L 5000 Led? 075 1,04 64
2 420 1.21 .08 1,08 66
29 630 165 «10 1,30 61
30 850 2,22 15 68
31 1050 2,66 216 2.10 €0
32 1400 3.14 =10 1.37 32
(continued)

s,y s S liete. SR
s ST Sl 5
& P »}—-;; P



O

"_-___-‘mn-—__b
]

. arican telicoplor co. ins. PAGE 17
VALVE
INPUT
CURRENT
VALVE and
. FORWARD TOTAIL LINE
PULSE PULSE RESIST SOURCE  INPUT  OUTPUT SPEC,
FREQ. IENGTH -ANCE CURRENT VOLT., CURRENT THRUST
REC ,PHOTO __ cps x10-3 ohms ma volts ma chms
33 150 . 5 200 bo .2k 3,00 602
3k 268 «30 .92 35'0.
35 280 él 032 78 go
36 300 .32 h 07 509
37 320 824,33 1;29 0
38 350 .83l+ .31 uclg 3;6
Eg 380 .9 033 3 35
20 1.05 . ,305 4,06 2?0
L2 539 1.&0 «30 a.zg 5&8
L4 590 1»‘} L] . :
4 720 1.65 w2 3.&1 163 |
45 800 1.85 .32 L2 63
L5 890 2,07 33 4,35 260
.tg 1060 2.37 .20 2.76 53
1220 2.62 .30 3.83 118
49 1400 2.7% .27 3.6k 9
50 1500 3.81’-’; .30 3.85 99
51 2180 3.b Ol 118
52 2500 3.55 .24 6
- A
5 150 .6 650 361 .12 1.59 333
’54' 2;0 0'3+9 o 125 2 4!;’3 ggg
23 2o 1'%% ¢ £°31c 196
56 600 }.Q“ .22 q.3h* 196
57 '/ZU -~y 02/ nall’ 12
58 800 2,07 .26 9.3).1. g g
59 1050 2455 219 2.5 7
o b 650 28 .08 “%.13 28
& 2% s D 75 298
IR i NER
6 ;300 c70 ° 1 [ -3 9'61;
6 450 +B15. 4215 63
65 520 9889 © 22 gié
66 600 1.10 ) g.}g 2
: /64 }23 %3 559 197
Vs ° e & E-X
29 1850 %ags .15% 2.1h 84
& 1220 5005 .26 127
s 10 2422 o 20 117
a9 & 9 g.89 »03 13
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VALVE
INPUT
CURRENT
VALVE and
FORWARD TOTAL LINE
PULSE PULSE RESIST SOURCE  INPUT OUTPUT SPEC.
FREQ. LENGTH -ANCE CURRENT VOLT., CURRENT THRUST |
REC,PHOTO cps _ , x10-3 chms ma volts ma_ ohizs ,
7& 150 .28 650 222 06% .86 293
250 342 .10 1.36 295 .
"00 «955 a15 1.9 270 ||
76 600 815 .20 2,61 246 ;
20 945 el 5 159 :
7é 00 1.07 22 2.9 205 |
79 880 1.18 .23 206
80 1050 1.39 913 1970 93 l
81 12540 1.66 27 165 |
82 1530 2.0k .27 3,57 132
82 150 Ly 650 J148 ,05 628 338
8h 250 .231 .0 i 0y | 3L
85 400 .E?C/ .129 1.58 330
85 450 Lz .15 gl
87 600 .56 .17 2,16 301
8R 710 67 .110 16k !
89 800 .768 .20 2.52 260
90 890 834 .20 240
91 1050 1.01 (105 1Ll 10k
92 12 1.1k 248  3.13 215
9 1420 1.31 .225 172
9 1600 1.39 .25 2.88 180 g
95 2150 L. 78 .C3 - S0k LP s b
96 2 250 .13 650 0835  .025 ¥ 298 ||
v/ 867 450 J1&7 .ou5  ¥,598 268 '
i b é b0 600 .2)+ .O’? 0821 29!.2
99 90& 800 -268 10 1,05 335
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i} NOTICE: WHEN GOVERNMENT OR OTHER DRAWINGS, SPECIFICATIONS OR OTHER DATA ‘f
i] ARE USED FOR ANY PURPOSE OTHER THAN IN CONNECTION WITH A DEFTNITELY RELATED &
+1 GOVERNMENT PROCUREMENT OPERATION, THE U. 5. GOVERNMENT THEREBY INCURS .
2! NO RESPONSIBILITY, NOR ANY OBLIGATION WHATSOEVER; AND THE FACT THAT THx =
¢} GOVERNMENT MAY HAVE FORMULATED, FURNISHED, OR IN ANY WAY SUPPLIED THE 3
“1 SAID DRAWINGS, SPECIFICATIONS, OR OTHER DATA IS NOT 1O BE REGARDED BY 2
I IMPLICATION OR OTHERWISE AS IN ANY MANNER LICENSING THE HOLDER OR ANY OTHER £
‘§ PERSON OR CORPORATION, OR CONVEYING AMNY RIGHTS OR PERMISSION TO MANUFACT URE ¢
- USE OR SELL ANY PATENTED INVENTION THAT MAY IN ANY WAY BE RELATED THERET g
f Repfﬁduced by "‘
'.‘: T
a MEHMEN SEM’!EE GE?HER




	0001
	0002
	0003
	0004
	0005
	0006
	0007
	0008
	0009
	0010
	0011
	0012
	0013
	0014
	0015
	0016
	0017
	0018
	0019
	0020
	0021
	0022
	0023



