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DUAL-VORTICAL-FLOW HYBRID ROCKET
ENGINE

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to the field of aero-
space technology, and more particularly to a dual-vortical-
flow hybrid rocket engine.

[0003] 2. Description of Related Art

[0004] The traditional dual-vortical-flow hybrid rocket
engine uses a single flow channel or multiple flow channels
and uses an axial fluid or gas oxidizer injection. With refer-
ence to FIG. 1, it shows a schematic drawing of the conven-
tional hybrid rocket engine. A housing 3' forms with a main
body 1' and an injection port 2'. The main body 1' disposes
with a solid-state fuel 4'. When the rocket engine starts, it
injects the oxidizer from the oxidizer injection nozzle 7' and
the oxidizer flow through the solid-state fuel 4' at a combus-
tion channel, melts with the solid-state fuel, burns with mix-
ing, and ejects from the nozzle 2' to produce a thrust. By the
above design, the vacuum specific impulse is about 250 sec-
onds, which is below its ideal value of more than 300 seconds.
The main reason for the low performance is the diffusion
flame structure, which causes low mixing and low combus-
tion efficiency. To improve such rocket engine, it requires
increasing the combustion channel, which will increase the
volume and weight of the rocket and increase the cost.

SUMMARY OF THE INVENTION

[0005] The main object of the present invention is to pro-
vide a new structure dual-vortical flow hybrid rocket engine
to generate high combustion efficiency and improve the per-
formance in an existing volume and weight.

[0006] In order to solve the foregoing technology prob-
lems, the present invention provides a dual-vortical-flow
rocket engine comprising: a main body having: a plurality of
disk-like combustion chambers arranged longitudinally; a
central combustion chamber communicating with an axial
portion of each disk-like combustion chamber; and a plurality
of oxidizer injection nozzles disposed at an inner circumfer-
ence surface of each disk-like combustion chamber; and a
nozzle connected at an end of the main body.

[0007] Wherein, each oxidizer injection nozzle and a tan-
gent line of the circumference surface of each disk-like com-
bustion chamber form a 10~20 degree angle such that an
oxidizer injects into each disk-like combustion chamber with
the 10~20 degree angles measured from the tangent direc-
tions of the circumference surface of each disk-like combus-
tion chamber.

[0008] Wherein, the number of the disk-like combustion
chambers is even.

[0009] Wherein, the number of the disk-like combustion
chambers is two.

[0010] Wherein, two rotating directions of the oxidizer
injected into the disk-like combustion chambers are opposite.
[0011] Wherein, the number of the oxidizer injection
nozzles disposed at the inner circumference surface of each
disk-like combustion chamber is even and the oxidizer injec-
tion nozzles dispose symmetrically.

[0012] Wherein, the number of the oxidizer injection
nozzles disposed at the inner circumference surface of each
disk-like combustion chamber is at least four.
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[0013] Wherein, the number of the oxidizer injection
nozzles disposed at the inner circumference surface of each
disk-like combustion chamber is four, six, or eight.

[0014] The beneficial effects of the present invention are:
Inside the disk-like combustion chambers, the oxidizer is
injected in nearly the tangent directions of the circumference,
and the injection directions are opposite for the neighboring
disk-like combustion chambers, which creates vortical flows
with opposite rotating directions so as to increase the total
residence time of the combustion reactions of the oxidizer and
the solid-state fuel in the disk-like combustion chambers of
the present invention. With the rotating propellant flows come
into the central combustion chamber and turn a 90 degree
angle into the axial direction, generating maximum fluid
shear stresses due to flow turning and the counter rotating
flows from the disk-like chambers, and resulting in the best
mixing and combustion effects of the propellants in the cen-
tral combustion chamber, and is ejected through the conver-
gent and divergent nozzle. In such manner, the dual-vortical-
flow hybrid rocket engine has significantly improved its
overall combustion efficiency and the propulsion perfor-
mance, finally reaches a near-ideal combustion and propul-
sion efficiency, meanwhile significantly shorten the length of
the rocket engine.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] The patent or application file contains at least one
color drawing. Copies of this patent or patent application
publication with color drawing will be provided by the
USPTO upon request and payment of the necessary fee.
[0016] FIG. 1 is a schematic drawing of the conventional
hybrid rocket engine;

[0017] FIG. 2 is a schematic drawing of a dual-vortical-
flow rocket engine according to the present invention;
[0018] FIG. 3 is a schematic drawing of the dual-vortical-
flow rocket engine at another viewing angle according to the
present invention;

[0019] FIG. 4 is a reference drawing of simulation data of
the dual-vortical-flow rocket engine according to the present
invention; and

[0020] FIG. 5 is another reference drawing of simulation
data of the dual-vortical-flow rocket engine according to the
present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0021] The following content combines with the drawings
and the embodiment for describing the present invention in
detail.

[0022] FIG. 1 is a schematic drawing of the conventional
hybrid rocket engine, and FIG. 2 is a schematic drawing of a
dual-vortical-flow rocket engine according to the present
invention. The dual-vortical-flow rocket engine of the present
invention includes a main body 1 and a nozzle 2 connected at
an end of the main body 1. The main body 1 includes a
plurality of disk-like combustion chambers 11 arranged lon-
gitudinally and includes a central combustion chamber 12
communicating axial portions of combustion chambers 11.
Each disk-like combustion chamber 11 is a circular-disc
shape. The inner circumference surface is provided with a
plurality of oxidizer injection nozzles (not shown). As a pre-
ferred embodiment, each oxidizer injection nozzle and a tan-
gent line of the circumference surface of each disk-like com-
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bustion chamber form a 10~20 degree angle such that an
oxidizer injects into each disk-like combustion chamber with
the 10~20 degree angles measured from the tangent direc-
tions of the circumference surface of each disk-like combus-
tion chamber.

[0023] The number of the disk-like combustion chambers
11 is preferably even. Optimally, the number of the disk-like
combustion chambers is two. It should be noted that in the
present invention, the injection directions of the oxidizer are
opposite for the neighboring disk-like combustion chambers
11 such that the oxidizer respectively form a clockwise vor-
tical flow and a counterclockwise vortical flow at the neigh-
boring disk-like combustion chambers 11. When the number
of the disk-like combustion chambers 11 is two, by using the
above method to inject the oxidizer, the rotating directions of
the oxidizer are opposite. In F1G. 2 and FIG. 3, an arrow with
equilateral triangle represents the oxidizer vortical flow 5
which is rotating in a counter clockwise direction, and an
arrow with isosceles triangle represents the oxidizer vortical
flow 6 which is rotating in a clockwise direction.

[0024] The present invention uses paired disk-like combus-
tion chambers with dual-vortical-flow design, which includes
the disk-like combustion chambers 11, the central combus-
tion chamber 12 and the nozzle 2 all formed in the housing 3.
It injects the oxidizer at two opposite directions near the
tangential lines of the circumference surface. The oxidizer
swirls in the disk-like combustion chambers 11, and a stroke
of the oxidizer is increased exponentially such that it can
increase a total residence time of burning near the surface of
solid-state fuel 4. When the oxidizer swirls through the cen-
tral combustion chamber 12 and turns 90 degrees to the cen-
tral combustion chamber 12, the oxidizer vortical flows which
operate in the opposite directions meet at the central combus-
tion chamber 12. The swirling torque cancels out exactly.
Through the turning and the cancelation of the swirling
torque, it can generate strong fluid stress to achieve the effects
of fully mixing gain and complete combustion. Therefore, it
can achieve ideal combustion and propulsion efficiency and
the length of the engine of the present invention can be sig-
nificantly shortened.

[0025] As a preferred embodiment, the number of the oxi-
dizer injection nozzles at the inner circumference surface of
each disk-like combustion chamber 11 should be even, and
disposed symmetrically to avoid uneven stress. Preferably,
the inner circumference surface of each disk-like combustion
chamber 11 provides with at least four oxidizer injection
nozzles. Optimally, the inner circumferential surface of each
disk-like combustion chamber 11 provides with four, six or
eight oxidizer injection nozzles.

[0026] With reference to FIG. 4 and FIG. 5, in order to
verify the technical effects of the present invention, the inven-
tor uses professional computing software, UNIC-UNS,
which is award-winning at NASA to perform detailed calcu-
lation and analysis. When a fuel combination is N,O (as the
oxidizer) and HTPB (as solid-state fuel), the calculation
result for vacuum specific impulse is 292 seconds. When
applying the present invention in the aviation, space and
power products, it will enhance its overall average perfor-
mance above 20% to 40%.

[0027] Theabove embodiments of the present invention are
not used to limit the claims of this invention. Any use of the
content in the specification or in the drawings of the present
invention which produces equivalent structures or equivalent
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processes, or directly or indirectly used in other related tech-
nical fields is still covered by the claims in the present inven-
tion.

What is claimed is:

1. A dual-vortical-flow rocket engine comprising:

a main body having:

a plurality of disk-like combustion chambers arranged
longitudinally;

a central combustion chamber communicating with an
axial portion of each combustion chamber; and

a plurality of oxidizer injection nozzles disposed at an
inner circumference surface of each disk-like com-
bustion chamber; and

a nozzle connected at an end of the main body.

2. The dual-vortical-flow rocket engine as claim 1,
wherein, each oxidizer injection nozzle and a tangent line of
the circumference surface of each disk-like combustion
chamber form a 10~20 degree angle such that an oxidizer
injects into each disk-like combustion chamber with the
10~20 degree angles measured from the tangent directions of
the circumference surface of each disk-like combustion
chamber.

3. The dual-vortical-flow rocket engine as claim 2,
wherein, the number of the disk-like combustion chambers is
even,

4. The dual-vortical-flow rocket engine as claim 3,
wherein, the number of the disk-like combustion chambers is
two.

5. The dual-vortical-flow rocket engine as claim 4,
wherein, two rotating directions of the oxidizer injected into
the disk-like combustion chambers are opposite.

6. The dual-vortical-flow rocket engine as claim 1,
wherein, the number of the oxidizer injection nozzles dis-
posed at the inner circumference surface of each disk-like
combustion chamber is even and the oxidizer injection
nozzles disposes symmetrically.

7. The dual-vortical-flow rocket engine as claim 2,
wherein, the number of the oxidizer injection nozzles dis-
posed at the inner circumference surface of each disk-like
combustion chamber is even and the oxidizer injection
nozzles disposes symmetrically.

8. The dual-vortical-flow rocket engine as claim 3,
wherein, the number of the oxidizer injection nozzles dis-
posed at the inner circumference surface of each disk-like
combustion chamber is even and the oxidizer injection
nozzles disposes symmetrically.

9. The dual-vortical-flow rocket engine as claim 4,
wherein, the number of the oxidizer injection nozzles dis-
posed at the inner circumference surface of each disk-like
combustion chamber is even and the oxidizer injection
nozzles disposes symmetrically.

10. The dual-vortical-flow rocket engine as claim 5,
wherein, the number of the oxidizer injection nozzles dis-
posed at the inner circumference surface of each disk-like
combustion chamber is even and the oxidizer injection
nozzles disposes symmetrically.

11. The dual-vortical-flow rocket engine as claim 6,
wherein, the number of the oxidizer injection nozzles dis-
posed at the inner circumference surface of each disk-like
combustion chamber is at least four.

12. The dual-vortical-flow rocket engine as claim 7,
wherein, the number of the oxidizer injection nozzles dis-
posed at the inner circumference surface of each disk-like
combustion chamber is at least four.



US 2014/0352276 Al

13. The dual-vortical-flow rocket engine as claim 8§,
wherein, the number of the oxidizer injection nozzles dis-
posed at the inner circumference surface of each disk-like
combustion chamber is at least four.

14. The dual-vortical-flow rocket engine as claim 9,
wherein, the number of the oxidizer injection nozzles dis-
posed at the inner circumference surface of each disk-like
combustion chamber is at least four.

15. The dual-vortical-flow rocket engine as claim 10,
wherein, the number of the oxidizer injection nozzles dis-
posed at the inner circumference surface of each disk-like
combustion chamber is at least four.

16. The dual-vortical-flow rocket engine as claim 11,
wherein, the number of the oxidizer injection nozzles dis-
posed at the inner circumference surface of each disk-like
combustion chamber is four, six, or eight.
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17. The dual-vortical-flow rocket engine as claim 12,
wherein, the number of the oxidizer injection nozzles dis-
posed at the inner circumference surface of each disk-like
combustion chamber is four, six, or eight.

18. The dual-vortical-flow rocket engine as claim 13,
wherein, the number of the oxidizer injection nozzles dis-
posed at the inner circumference surface of each disk-like
combustion chamber is four, six, or eight.

19. The dual-vortical-flow rocket engine as claim 14,
wherein, the number of the oxidizer injection nozzles dis-
posed at the inner circumference surface of each disk-like
combustion chamber is four, six, or eight.

20. The dual-vortical-flow rocket engine as claim 15,
wherein, the number of the oxidizer injection nozzles dis-
posed at the inner circumference surface of each disk-like
combustion chamber is four, six, or eight.
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