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FIGURE 1
into a variety of shapss with little ef-
fect on performance 1f the internal sur-
faces are kept fairly smooth and hends in
the engine are not too sharp. Engine zize
can bes varied so that optimum engines can
be obtained for various aircraft without
major development work,

When the basic valveless pulsejet is
combined with two augmenter tubes at the
ends of the engine, a significant decrease
in specific fuel Lonuumptxon (SFC) is
realized, Figure 2 shows the performance

with and without aug-

of a pulsejet engine
menters, These data are representative
From an

of the engine shown in Fig. 1.

operations aspect, the valveless pulsejet
refuses Lo ingest foreign particles, a
vitally important consideration when op-
erating over unprepared surlfaces,

The intermittent cycle ol the pulsciet
engine may brielfly be described with the
help of Fig. 3. Starting is accomplished
by simultarecously turning on the ignition,
fuel, and starting air. The resulting ex-
plosion causes a pressure build-up within
the engine. The air and combustion pro-
ducts expand cut both ends of the engine,
introducing the exhaust phase Onece
gtable operation has been obtained,
tion and start air ars

igni-
turned off. The
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momentun of these exhaust gases [lowing
from the combusticn chamber resulls in an
over-cxpansion and reversal of the flow
in the exhaust pipe and inlet, During
the inllow h'n combustion chamber
pressures fall below the fusl manifold
fuel is forced into the fresh
i charge. The air columns which
enter the combustion chamber Ifreom both
ends of the engine collide with vigorous
mixing . Hot combustion particles from
the previous cyele which did not escape
from the pipe provide multiple
peints of ignition for the next cembustion
phase, The performance of the engine does
not primarily =nd on the types of fuel
usad in ths Successful opdrhtiur
has been obta rith a vdf_utb of fuels
ranging from kerosene to propane, Comnon
automotive gasoline is normally used. OF
additional importance is the engine's very
rapid thrust respeonse. It is estimated
that the pulsejet engine's throttie re-
sponse is complete within three or four
cyveles or approximately 0.04 sec for this
particular engine (Fig. 1).
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CHGINE THSTALLATION CONSTIDERETTIONS

There are several important areds to
be considered when auxiliary sailplane
propulsion units are being proposed, es-
eeially jet propulsion units, First and
Foremost, the dnstallation must producs
as little added drag as possible. This
is accomplished most easily when the pro-
pulsion unit is designed as an integral
part of the airframe. Several options
for this type of installation are shown
schematically in Fig. 4. 2&n alternate
solution is to providse a retrofit oropul-
sion package that could be used on a
variety of sailplanes at the expense of
performance Other installation problems

associated with pulsejet operaticnal units

are: (a) sufficient care must bo taken
to dissipate the radiant heat from the
shell; (b) depending or the fuel

/ &

aw :ﬁ \. // \\
7N //\\

Lgnition and T T LAY -

combus Fron

FIGURE 3. VALVELESS PULSEJET WORKING CYCLE
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requirements, placement of the tanks
should be made such that no C.G. shifts
result from fuel consurption; and (c¢) pro-
vision must be made to adequately isolate
the eflfect of wake vibration on the struc-
ture and allow for engine shell thermal
expansion in the mounting attachment,

CITECT OF PULSEJET AUXILIARY POWLR ON
SATLPLANE PERFORVANCE

Py NF )

There are three flight regions where
Lhe auxiliary propulsion unit influences
the overall sailplanc performance. These
dreds are: (a) take off; (b) climb to
soaring altitude; and (¢) emergency
cruize, To illustrate Lhe cffectivencss
of the auxiliary valveless pulsejet pro-
pulsion unit, a typical soaring [light
profile will be assuned and a hypothoti-
cal sailplane will be examined.

The typical flight prefile is shown in
Fig. 5 Conditions where auxiliary power
is used are shown as heavy lines. The
cordition which determines the engine
size and thrust is the emergency f{isld

Figure

An estimate of the thrust
00 ft Lrom

take-olf.
necessary to lift off in

=1

rough field is given by the following ra-

lationship which is quickly solved by
iteration:

b T 7 1
700 g J .= 298 05 1w + py(1
] :-3
where T = engine thrust, 1b
KE = kinetic snergy of sailplane :

lift-off spesd, [L-1h

s
P_=T_ - 0.1, 1b

PEJ = rl"l_: -(0.1% 4+ D), 1b

W = airvcraft weight, 1b

D = adrcrait dray at lifc-off, 1

Knowing the engine thrust, &
ray be determined from the g CO
stants for thoe configuration shown in
Fig. 1:
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TYPICAL FLIGHT PROFILFE
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Cruizse

During the cruise portion of the
flight profile,

D = l/ZL]V?_p

= 1/2(0.00218)(74)%(5)

= 29,5 1b (19,3

Time required at this thwust level is one
hour.

B summary of the estimated engine pun-
time, power required, and fuel consumed
at an SFC L.0 may now bs made.

enough thrust must be sup-
plied to overcome aircralt drag at 50 mph.

3 percent of [ull power)

CONCLUSTONS

cjet engine sug-
gested In this paper for auxiliary sail-
plane propulsion has naw} tavoruLJe quali-
i It ras no vo;]rq T

] into a vﬂrioty (o
and cowled to a low drag configuration,
it can easily be restarted, and it re-
quires a minimun of compeonents for cpera-
tion. This cesign has the capability of
demonstrating a practl.d; solution te the
problems now associated with soaring
flight,
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EDITOR'S CORMER

B NASH-sponsored study (POTCNTIAL
STRUCTURAL MATERIALS AND DESIGH CONCLE!
FOR LIGHT AIRCRAFT, Farch 13969) avail-
able as NASA P*port CR-1285, was carricd
out by San Diego Aireraft Engineering,
Inc., and addressed the area of struc-
tural materials and design concepts. The
primary obje =5 of that study were
coneisely ad in the introduection to
CR-128% and are quolted directly:

1. "To make a comparative evaluaticn
of a wide variety of materials
and structural concepts, praesent-

Ly and potentially available Tor

aﬁplicarinn to li;h# airecralt, by
investigating the affect of de-

s5ign, ?HE‘_}'.LL"ELCtUI‘i_'t'J, operational,
and material rcquirumvnxn on the
cost of this class of aircraftl.”

2, "To apply the more promising ma-

terials and structural concepts
to the conceptual design of light
aircraft,”

FOTE\TITL

(Editor's Corner

5, Wle ity ke
where addilticnal

erzase the poter
materials or uuucupta.
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