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DESCRIPTION

Technical Field

[0001] The present invention relates to a method for manufacturing high-density air and a
method for utilizing high-density air manufactured with the method.

Background Art

[0002] Conventionally, as a method for increasing the density of gas such as air, a method for
forcibly compressing the gas using a compression device such as a compressor Is already
known. With this method, heat i1s generated as the gas Is compressed, and a large load Is
applied to the compression device.

[0003] JP 2007-162485 A discusses a method for forcibly compressing air using a
compression device, and discloses a method for reducing the load on the compression device
by using a water circulating air compression machine as the compression device and cooling
the compression device itself with circulating water.

[0004] JP 2011-504447 W discusses a method for forcibly compressing synthesis gas using a
compression device, and discloses a method for reducing the load on the compression device
by using, as the compression device, a thermodynamic compressor capable of simultaneously
compressing and cooling the synthesis gas, directly injecting water as a coolant into the
thermodynamic compressor, and compressing the synthesis gas while cooling the synthesis
gas.

[0005] EP 2749739 A discusses an axial compressor for a gas turbine or for industrial use,
which includes an intake air spray, and an operation method of the axial compressor.

[0006] JP 2000-034930 discusses a feeder that feeds compressed air to an engine. The
compressed air feeder 1s constituted of a screw type compressor for feeding the compressed
air to the engine and an carburetor having a venturi which i1s connected to a suction pipe In the
upstream of the screw type compressor which injects water to the suction tube.

[0007] DE 40 15 818 A discusses an Internal combustion engine test bed wherein air is
supplied at the same pressure as the Initial raw air (atmospheric pressure) to an engine and
has a water supply (humidifier) and a differential pressure supplementing step (blower)
downstream of the humidifier.

Citation List
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Patent Literature

[0008]

Patent Literature 1: JP 2007-162485 A
Patent Literature 2: JP 2011-504447 W
Patent Literature 3: EP 2749739 A
Patent Literature 4: JP 2000-034930

Patent Literature 5: DE 40 15 818 A

Summary of Invention

Technical Problem

[0009] However, the methods of Patent Literature 1 and Patent Literature 2 above are
Inefficient because the thermal energy obtained by the gas through the forcible compression is
partially lost during the cooling process.

Solution to Problem

[0010] The present invention provides a method for efficiently manufacturing high-density air in
which the step of forcibly compressing raw air is eliminated and provides a method for
effectively utilizing the energy of the high-density air manufactured with the method.

[0011] In accordance with the present invention there Is provided a method for utilizing, as an
operating gas for an external combustion engine (4), high-density air (A2) manufactured In
accordance with Claim 1.

[0012] Preferably, a blower machine or a compressor is used as a means for supplementing
the pressure of the water-containing arr.

[0013] In one embodiment according to the present invention, the high-density air and steam
are simultaneously applied to the external combustion engine.
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[0014] In a further embodiment according to the present invention, the high-density air (A2)
and steam (S) are applied to the external combustion engine (4) at a time interval.

[0015] Alternatively, the high-density air manufactured with the method for manufacturing high-
density air according to the present invention Is utilized as a combustion supporting gas for an
Internal combustion engine in accordance with Claim 6.

Advantageous Effects of Invention

[0016] The method for manufacturing high-density air according to the present invention
enables the density of air to be efficiently increased.

[0017] Further, the method for utilizing high-density air according to the present invention
enables the high-density air to be effectively applied to an external combustion engine or an
Internal combustion engine.

Brief Description of Drawings

[0018]

Fig. 1 1s a schematic diagram Illustrating a basic configuration example of a device for
manufacturing high-density air according to the present invention.

Fig. 2 Is a conceptual diagram of raw air, water-containing air, and high-density air.

Description of Embodiments

[0019] The best mode for carrying out the present invention will be described below with
reference to Figs. 1 and 2.

[0020] In a method for manufacturing high-density air according to the present invention, as
llustrated in Fig. 1, first, a desired amount of raw air A is supplied into a water-containing air
generating means 1 having a sealed space via an air supply means 1a. Next, a large number
of fine water particles W are injected to the supplied raw air A through a fine water particle
supply means 1b having a jet port such as a nozzle, and the raw air A is mixed with the fine
water particles W.

[0021] As used In the present invention, the raw air A 1s preferably air having normal
temperature and pressure such as the atmosphere. However, the temperature and pressure of
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the raw air A can be freely selected and appropriately adjusted in accordance with the
Implementation of the present invention. Each of the fine water particles W is as fine a water
particle (small droplet) as possible In order to increase the surface area, and the particle
diameter, temperature, and amount of supply of the fine water particles VW are appropriately

adjusted, for example, in accordance with the temperature, pressure, and amount of supply of
the raw air A.

[0022] As described above, water-containing air A1 I1s generated by mixing the raw air A with
the fine water particles W In the water-containing air generating means 1. Specifically, a large
number of fine water particles VW mixed in the raw air A are in gas-liquid contact with the raw air
A and present in the raw air A while taking the heat of the raw air A. In the present invention,
the air containing a large number of fine water particles W is referred to as the water-
containing air A1.

[0023] In other words, the fine water particles W are present in the raw air A while holding the
heat taken from the raw air A as latent heat of vaporization. Note that the present invention
does not exclude a case where part of the fine water particles W in the water-containing air A1
IS vaporized into wet steam.

[0024] As described above, the temperature of the water-containing air A1 is lower than that
of the raw air A, and accordingly the pressure of the water-containing air A1 Is lower than that
of the raw air A. As lllustrated In Fig. 2, the volume of the water-containing air A1 Is also
smaller than that of the raw air A.

[0025] Specifically, assuming that the temperature, pressure, and volume of the raw air A are
respectively denoted by T, P, and V (the same applies hereinafter), and the temperature,
pressure, and volume of the water-containing air A1 are respectively denoted by T1, P1, and
V1 (the same applies hereinafter), then the relations T > T1, P > P1, and V > V1 are satisfied
with regard to the temperature, pressure, and volume, respectively.

[0026] Next, as illustrated in Fig. 1, the water-containing air A1 passes through a differential
pressure supplementing means 2 to be supplemented with a difference Iin pressure between
the raw air A and the water-containing air A1, i1.e., a differential pressure (P1 - P) between the
pressure P of the raw air A and the pressure P1 of the water-containing air A1, whereby high-
density air A2 1s manufactured. Since the water-containing air A1 Is pressurized to the original
pressure P of the raw air A, the generation of heat can be suppressed to a great extent in this
case, as compared with a case where the forcible compression is performed, that is, where the
raw air A I1s pressurized to a pressure higher than its original pressure P. In this case, the
suppression of heat generation 1s also achieved through the vaporization of the fine water
particles W in the water-containing air A1.

[0027] An already known blower machine such as a pressure fan, a fan, and a blower, or an
already known known compressor Is used as the differential pressure supplementing means 2
to supplement the water-containing air A1 with the differential pressure and transfer the high-
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density air A2 to a storage means 3 such as a tank. In particular, the blower machine can
efficiently supplement the water-containing air A1 with the differential pressure and transfer the
high-density air A2 when used as the differential pressure supplementing means 2.

[0028] The temperature and pressure of the manufactured high-density air A2 are higher than
those of the water-containing air A1, promoting the vaporization of the fine water particles W.
Accordingly, as illustrated in Fig. 2, the volume of the high-density air A2 is smaller than that of

the water-containing air A1, whereas the pressure of the high-density air A2 i1s equal to that of
the raw air A.

[0029] Specifically, assuming that the temperature, pressure, and volume of the high-density
air A2 are respectively denoted by T2, P2, and V2 (the same applies hereinafter), then the
relations T2 > T1, P=P2 > P1, and V > V1 > V2 are satisfied with regard to the temperature,
pressure, and volume, respectively. The temperature T of the raw air A i1s equal to the
temperature T2 of the high-density air A2, or one of the temperatures T and T2 is higher than
the other, depending on the amount of contained fine water particles W, the amount of
vaporized fine water particles W, and the like.

[0030] As described later, the high-density air A2 manufactured in the above-mentioned
manner 1s supplied for utilization from the storage means 3 to an external combustion engine
or an Internal combustion engine serving as a heat engine 4.

[0031] Next, a method for utilizing high-density air according to the present invention will be
described.

[0032] First, a case where the high-density air A2 manufactured as described above Is utilized
as an operating gas for an external combustion engine serving as the heat engine 4 will be
described. Examples of the external combustion engine include a turbine having an external
combustion structure such as an already known steam turbine, an already known free piston,
an already known rotary, and the like.

[0033] In this case, the high-density air A2 may be utilized as it Is as the operating gas, but
preferably it Is used together with steam S having a higher pressure than the high-density air
A2.

[0034] Specifically, as illustrated in Fig. 1, In a case where the heat engine 4 I1s an external
combustion engine, the high-density air A2 is supplied to the external combustion engine 4
together with the steam S that is supplied via a steam supply means 5.

[0035] The high-density air A2 and the steam S are simultaneously applied to the external
combustion engine 4.

[0036] Alternatively, the high-density air A2 and the steam S are applied to the external
combustion engine 4 at a time Iinterval. More specifically, after the operation of the external
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combustion engine 4 is started by one of the high-density air A2 and the steam S, the other
gas Is supplied to continue the operation of the external combustion engine 4. Consequently, it
IS possible to smoothly supply the subsequent gas (the other gas) at a relatively low supply
pressure.

[0037] For example, when one gas Is supplied, the supply of the other gas iIs stopped, and
when the other gas Is supplied, the supply of the one gas Is stopped. Alternatively, the supply
end of one gas and the supply start of the other gas are synchronized with each other.

[0038] Since the high-density air A2 I1s a gas that does not condense at the condensation point
of the steam S or gas that does not condense at the solidification point of the steam S, the
high-density air A2 recovers the heat of condensation or heat of solidification released by the
steam S, and inflates itself through the heat recovery to apply its gas pressure to the external
combustion engine 4. Therefore, the high-density air A2 can effectively operate the external
combustion engine 4 while appropriately receiving the thermal energy of the steam S.

[0039] Note that the present invention does not exclude a case where the temperature,
humidity, and pressure of the high-density air A2 are adjusted as necessary for the utilization of
the high-density air A2 as the operating gas for the external combustion engine 4.

[0040] Next, a case where the manufactured high-density air A2 Is utilized as a combustion
supporting gas for an internal combustion engine serving as the heat engine 4 will be
described. Examples of the internal combustion engine Iinclude a turbine having an internal
combustion structure such as an already known gas steam turbine, an engine such as already
known hydrogen, gasoline, and jet engines, and an already known boller.

[0041] In this case, the high-density air A2 1s supplied to the internal combustion engine 4,
compressed by a cylinder or the like of the Internal combustion engine 4, and utilized to
enhance the fuel combustion efficiency. The high-density air A2 densely contains a lot of
oxygen to effectively improve the combustion efficiency. The high-density air A2 also contains a
large number of fine water particles VW together with steam, and the fine water particles VW are
also vaporized into steam and applied to the internal combustion engine.

[0042] Note that the present invention does not exclude a case where the temperature,
humidity, and pressure of the high-density air A2 are adjusted as necessary for the utilization of
the high-density air A2 as the combustion supporting gas for the internal combustion engine 4.

[0043] As described above, the method for manufacturing high-density air according to the
present invention includes mixing the raw air A with the fine water particles VW to produce the
water-containing air A1 instead of forcibly compressing the raw air A, and supplementing the
water-containing air A1 with the differential pressure (P - P1) between the pressure P1 of the
water-containing air A1 and the pressure P of the raw air A. Consequently, it Is possible to
efficiently manufacture the high-density air A2 without unnecessarily Increasing the
temperature and pressure and thus without causing energy loss such as the loss of thermal
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energy due to the increase and subsequent decrease In the temperature.

[0044] In addition, If the high-density air A2 manufactured with the above method is utilized as
the operating gas for the external combustion engine together with the steam S having a
higher pressure than the high-density air A2, the external combustion engine can be effectively
operated.

[0045] Further, If the high-density air A2 manufactured with the above method is utilized as the
combustion supporting gas for the internal combustion engine, the combustion efficiency In the
Internal combustion engine can be effectively improved.

Reference Signs List

[0046]

1 water-containing air generating means

1a air supply means

1b fine water particle supply means

2 differential pressure supplementing means (blower machine or compressor)
3 storage means

4 heat engine (external combustion engine or internal combustion engine)
5 steam supply means

A raw air

A1 water-containing air

A2 high-density air

W fine water particles

S steam.

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader's convenience only. |t does not
form part of the European patent document. Even though great care has been taken In
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compiling the references, errors or omissions cannot be excluded and the EPO disclaims all
liability in this regard.

Patent documents cited in the description

o JHZONIT102485A 100U3] [0U0E]
o IFP20TTS0444 7YV 10004] [00UE]
o PMI748703UA [B0US] [OC0E]
o JP2000034930A (80061 [GG0E]
o DEA0T0818A (B0 [QU0E]
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Patentkrav

1. Fremgangsmade til udnyttelse, som en driftsgas til en forbraendingsmotor med
yvdre forbraending (4), af luft med hgj teethed (A2) fremstillet ved

(a) forsyning af raluft til et vandindeholdende luftfrembringende organ med

5 et teetnet rum;

(b) blanding af den forsynede raluft (A) med vandfinpartikler (W) for at

frembringe vandindeholdende luft (A1), som har et lavere tryk end raluften
(A);

(c) supplering af den vandindeholdende luft (Al) med et differenstryk
10 mellem et tryk af raluften og et tryk af den vandindeholdende luft; og

(d) folgelig fremskyndelse af fordampning af vandfinpartiklerne (W) i den
vandindeholdende luft (Al) og reduktion af en volumen af den
vandindeholdende luft til fremstilling af luft med hgj taethed (A2).

15 2. Fremgangsmaden til udnyttelse af luft med hgj taethed ifglge krav 1, hvor en
blaesemaskine (2) anvendes som et organ til supplering af trykket af den
vandindeholdende luft (Al).

3. Fremgangsmaden til udnyttelse af luft med hgj taethed ifglge krav 1, hvor en
20 kompressor (2) anvendes som et organ til supplering af trykket af den

vandindeholdende |uft.

4. Fremgangsmaden til udnyttelse af luft med hgj taethed ifglge krav 1, hvor
luften med hgj taethed (A2) og damp (S) samtidigt anvendes pa

25 forbraendingsmotoren med ydre forbraending (4).

5. Fremgangsmaden til udnyttelse af luft med hgj taethed ifglge krav 1, hvor
luften med hgj taethed (A2) og dampen (S) anvendes pa forbraandingsmotoren
med ydre forbraanding (4) ved et tidsinterval.

30
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2

6. Fremgangsmade til udnyttelse, som en forbraendingsunderstgttende gas til
forbraendingsmotor med indre forbraending (4), luft med hgj taethed (A2)

fremstillet ved

(a) forsyning af raluft til et vandindeholdende luftfrembringende organ med

et teetnet rum;

(b) blanding af den forsynede raluft (A) med vandfinpartikler (W) for at

frembringe vandindeholdende Iuft (A1), som har et lavere tryk end raluften
(A);

(c) supplering af den vandindeholdende luft (A1) med et differenstryk
mellem et tryk af raluften og et tryk af den vandindeholdende Iuft; og

(d) folgelig fremskyndelse af fordampning af vandfinpartiklerne (W) i den
vandindeholdende Iuft (Al) og reduktion af en volumen af den
vandindeholdende luft til fremstilling af luft med hgj taethed (A2).
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DRAWINGS

Fig.1

AZ
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Fig.2
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