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This invention relates to ram jet engines and
in particuldr to the fuel system therefor.

It has beéri recogrized that the fuel require-
ments for combustion in & ram jet engine vary
directly with the sguare root of the dynamic head
or ram pressure created by the forward velocity
at any given altitude and also that the fuel flow
through a nozzle also varies with the sguare root
of the pressure drop thereacross, It is apparent,
theréfore, that the ram pressiuré becomes & coni-
venient .fuel pressure source to dsliver fiel in
accordance with engine requirements. When
used directly however, it has the disadvantdges
that with an increase in altitude at g given veloci-
ty the fuel requirements decrédse at a greateér
rate than the ram pressure available for g given
Mach number thus tending toward enrichment,
anid at low speeds the ram préssure available is
not sufficient to insure coptimum fiiel atomiza-
tion or to compensate for -sudden - pressure
changes in the combustion chamber,

This" invention obviates the disadvantdges
above mentioned and has, therefore, as one of its
objects, the provision of & ram jet fuel systein
whieh delivers the optimum damount of fugl under
th’e variable conditions of velocity and altitude.

Arigther object is the provision of a ram jet
fuel systemi which utilizes available air pressures
for delivering fuel to a combustion chamber
thereby eliminating cumbersoms pumping -de-
vices which require for their operation a sotirce of
energy carried by the unit, thus decredsing the
complexity and overall weight thefedf.

Another object is the provision of 4 ram jet
fuel system which utilizes dir at ram pressire
to pump fuel at a pressure in excess of combustion
chamber fuel pressure reduirements.

Another object is the provision of a ramt jet
fuel system which incorporates a fus! pump op-

erable by ram pressure capable of delivering fiuel

at a pressure higher than ram pressure;

Further objects, advantages, and salient fea~
tures of the invention will- become avparent from
a consideration of the description to follow, the
aeeompanymg drawing and the appended claimis:

- The accompanying drawing iss side elevational

tiew, partly in- section, of an embodTment of the'

mventlon
Referrmg to the drawing, | respresents a fuef
i:a,nk from which it is desired to deliver fiel to
- ﬂ;condult 2, the latter being connectable to any
“suitable fuel nozzle system in & ram jet combus-
tion' chamber illustrated’ diagrammatically at. 5f
or' other engine. Reference character § repre~
serits & fuel pump and §u its driving motor and
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55 a regulator for controlling fuel delivery to
conduit 2.

Fuel pump 3 and motor 2¢ coriprise & pair Q'f
motor- cylinders 4, 4a having réciprocdating pis<
tons 8, Ba thereini connected respectively By pis-
ton rods €, 8a to pump pistons ¥, Te which recipid=
cate in eylinders 8, 8q. Dlapnfagms g, 8 and
10, 18¢, provide fuid seals for the bistons in the
motor and pump cylinders, respectively. A~ peil
crank having arms tf, [ig intérconnects thess
units by pin and slot ¢onnections s that the/
are constrained to operate iri obposite directions,

The motor is operated by air flowing in coniduit
12 the end of which is located in aniy cotiveriient
position. where it may receive air 4t ramd preas-
sure as shown at 12d. Operation of the respes-
tive motor pistons §,-5¢ is coiitrolled hy a valve
13 having inlet valves (4, {4a and éxhaust valves
{8, 15¢. These valves have gliding movement
on valve stem {6, the valves of each pair’ being
urged foward each othér by suitable compies-
sion springs 47, 17a, 1§ avid 184, The lower erd
of valve stem 1§ i§ connected to bell efgnk axm
t{ by link 2§ and & toggle adtudtor comprw
a pair of relatively movable alms 22, 29 and dn
overeenter spring 24,

In the posn;mn of parts, as showtl, air from
conduit . {2 enters valve 13 and then passes
through intake valve i4, which is held open by

X2t

j the upper shoulder o valve stem {8, and thence

to cylinder 4, urging piston 5 downwardly, ex-
haust valve (5 being held closéd by spring {8
Since piston 8¢ is moving upwardly at this time

. the air in cylinder 4a¢ must bé exhausted which
is effected through exhaust valve {5 held off

its seat by the valve stém shoulder thereunder.
The dir theén flows to surrounding air at statzc
pressure through conduit. 18, - When piston § ap-
proaches the end of its stroke, arm 22, oper ated
by i1, reachés a position in line with arm £3.
This stretches spring 24 to its maximum extent
and ds darm. 22.movés beyond the inline position
Spring 24 snaps arm 23 downwardly At this
point spring- IT urges inlet valve 4 to 1ts seat

5 and the valvé stem shoulder above valve [(4a

opens’ the latter to admit air to eylinder 4a which
is now at the top of its stroke. Exhaust valve
{5¢ is alse closeéd under urge of spring’ (8¢ and
exhaust valve 5 is opened By the valve stem
collar thereabove. As piston 5¢ moves down-
wardly, arm 22 moves upwardly to its overcenter
position at which point 23 snaps back to the
pOSlthn showmn at which point the c¢yele is com-
pleted o

- AS tHe moter plstons recxprocate, pump pistons
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1, Ta receive fuel from tank | through inlet check
valves 29, 25a, respectively, and deliver it to
conduit 271 through check valves 26, 26a. In
order that the delivery pressure may be higher
than ram pressure, the motor piston areas are
larger than the pump piston areas hence any
desired increase in delivery pressure over ram
pressure may be achieved by suitable selection
of this area ratio.

To obviate :surges in fuel delivery pressure
which might occur at or near the ends of the pis-
ton strokes a surge motor and pump 28 is pro-
vided. This comprises a closed motor chamber
29 having a diaphragm 30 subjected to ram
pressure through conduit 3{, and a pump cham-
ber 32 having a diaphragm 33 connected to dia-
phragm 30 by rod 34. A conduit 35 provides
liquid communication between chamber 32 and
conduit 21. The area ratio of diaphragm 3¢ to
diaphragm 33 is slightly less than the ratio of
piston 5, or 5a to 1, or ia hence the surge pump
is inoperative during constant fuel pressure de-
livery but when the fuel pressure tends to drop,
diaphragm 30 temporarily operates pump dia-
phragm 33 to maintain delivery pressure sub-
stantially constant. :

The fuel delivered by 27, in the system so far

described, may be conducted directly to a com-
bustion chamber &1 if so desired, however, in
many installations it will be more desirable to
further conftrol the metering characteristics of
the pumping system. 'To this end, a flow con-
troller 50 may be provided, this device compris-
ing a chamber 36 having a diaphragm 37 forming
one side thereof and operably connected to con-
trol valve 38. One side of diaphragm 37 is sub-
jected to ram pressure through conduit 43 and
a spring 39 aids ram pressure in urging dia-
phragm 37 to the left against delivery pressure.
An adjustment to regulate the metering char-
acteristics of valve 38 such as externally thread-
ed valve stem and seat 38a adjustably secured
in tapped hole 38b in wall of chamber 3¢ and
secured with locknut 38¢c may also be provided.
The metered fuel, after entering chamber 42 is
delivered to conduit 2 which may be connected
to any fuel delivery system for a combustion
chamber.
- To also provide control under variable alti-
tude a variable orifice 43 may be incorporated in
conduit 40 under control of a suitable barostat
device 44 and an orifice 41 for controlling the
pressure drop between chamber 35 and ambient
static pressure. The evacuated barostat being
responsive to air pressure changes moves valve
43 toward its closed position with increase of
altitude thus reducing the pressure in chamber
36 which in turn permits delivery pressure to
move valve 38 toward its closed position. This
reduces the quantity of fuel delivered to the
combustion chamber which is necessary since
the mass flow of air through the combustion
chamber decreases with increase in altitude, as-
suming velocity to be constant.:

From the foregoing description it becomes ap-
parent that at low ram pressures which are nor-
mally insufficient to directly deliver fuel at opti-
mum pressure, this invention- delivers fuels at
any desired pressure above ram pressure de-
pending on the design of the areo ratio of the
motor pistons to pump pistons. As velocity in-
creases and hence the quantity of air flowing
to a combustion chamber increases, requiring
greater increase in fuel flow, the ram pressure
also increases which in turn will render the pump
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operable to deliver fuel at the higher pressures
and hence higher quantities requisite for proper
combustion. The final metering being under
control of the pressure drop between ram and
static pressures provides a means to regulate
the optimum fuel flow for variation of velocity at
any fixed altitude. To further control flow at
variable altitude a barostat augments the pre-
vious controls.

The fuel system described, being automotic in
operation under variable flight conditions is well
adapted to aircraft or other installations where
no human pilot or operator accompanies the
eraft, such for example as guided missiles. It is,
of course, not so limited and may be used also
in operator controlled vehicles of any type which
have speed characteristics sufficient to establish
the requisite ram pressures for its operation.

While a single embodiment has been described

it is apparent that other modifications will oc-
cur to those skilled in the art and it will be
understood that the illustrated construction is
not presented by way of limitation but that the
invention comprehends all constructions com-
ing within the scope of the appended claims.
* The invention described herein may be manu-
factured and used by or for the Government of
the United States of America for governmental
purposes without the payment of any royalties
thereon or therefor.

What is claimed is:

1. In a device of the class described the com-
bination comprising; a conduit open forwardly
to receive ram air, fluid motor means connected
to said conduit for operation by said ram air, a
fuel delivery line, a fuel pumping means driven
by said fluid motor means, said fluid motor and
pumping means having operative pistons of rel-
ative diameters such that the fuel is delivered to
said delivery line at a pressure in excess of said
ram pressure, a chamber having a movable wali,
said chamber being connected to said conduit for
directing ram pressure to said wall, and a fuel
accumulator in communication with said delivery
line having a second movable wali, said movable
walls being connected for simultaneous move-
ment in response to ram air and fuel delivery

pressure to maintain substantially constant fuel

delivery to said delivery line between pump
strokes.

2. In a fuel feed system for ram jet engines
the combination of a conduit opened forwardly
to receive air at ram pressure, a two~-cylinder air
motor with opposed pistons connected to said
conduit to be operated by said ram pressure, a
reciprocating piston in a cylinder for pumping
fuel connected to each of said motor pistons,
the cross sectional area of the pumping pistons
being less than the cross sectional area of the
motor pistons whereby the pump delivery pres-
sure is in excess of ram pressure, fuel supply
means and fuel delivery means connected to said
pumping pistons, a fuel accumulator with a flex-
ible wall responsive to ram air pressure in said
conduit and connected to said fuel delivery
means, and metering means in said delivery
means for controlling the rate of fuel delivery to
a combustion chamber, said metering means be-
ing responsive to variations in ram air pres-
sure and ambient atmospheric pressure.

3. The device as set forth in claim 2 in which
said fuel accumulator has a first flexible wall re-
sponsive to ram air pressure on a second flexible
wall connected thereto and said second fiexible
wall and said. first flexible wall having a ratio
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of slightly less than the ratio of areas of said Number
motor pistons to said pumping pistons. 1,888,749
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