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(54) HEAT EXCHANGER

(57) A heat exchanger formed so as to enable a
large amount of fluid to be heat exchanged efficiently,
and the construction thereof to be simplified. A heat
exchange flow passage (10) is provided on the inner
side of a heat exchange vessel into and from which lig-
uefied nitrogen, a heat transfer medium is supplied and
discharged. The heat exchange flow passage (10)
includes a plurality of stages of annular pipes (18) in
which adjacent annular pipes (18) communicate with
each other at a plurality of portions thereof, which are
staggered circumferentially in different sets of stages,
via communication pipes (19), tanks (20, 21) being pro-
vided so as to communicate with a supply port and dis-
charge port respectively of the flow passage. The tank
(20) communicates with a supply pipe (11), and the tank
(21) with a discharge pipe (12). Since the positions of
inlet ports and outlet ports of the annular pipes (18) are
staggered circumferentially, a fluid is introduced in a tur-
bulent state into the heat exchange flow passage (10)
as it impinges repeatedly upon wall surface of the pas-
sage (10), in such a manner that the fluid is influenced
much by the temperature of the same wall surface.
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Description

Technical Field
The present invention relates to an improvement in a heat exchanging apparatus.
Background Art

In the past, nitrogen, oxygen, argon and other gases are stored in a superlow temperature storage tank in a lique-
fied state. When in use, the stored liquefied gas is fed to an evaporator where the gas is vaporized and gasified at an
atmospheric temperature or in hot water.

However, in the past, cooling heat of the liquefied gas is not effectively utilized but is wasted. In order to effectively
utilize the cooling heat to cool gases such as air, nitrogen, oxygen, argon, hydrogen, etc., or fluids such as a mixture of
liquid and gas, etc., it is contemplated that a heat exchanger is intervened between a superlow temperature storage
tank and an evaporator.

The conventional heat exchangers heretofore used have various configurations such as a coil type, a double tube
type, a water injection type, a bushing type, a finned multitube type, etc.

However, the conventional heat exchangers as described above are poor in cooling effect because the fluid to be
cooled flows through the tube regularly and is less affected by a temperature from wall surfaces of the tube. So, when
being restricted as in an expansion valve at downstream in order to enhance the cooling effect, a large quantity of fluids
cannot be cooled. Accordingly, there was a problem in that the conventional heat exchangers cannot be utilized in the
case where a large quantity of fluids at a constant temperature need be secured.

The present invention is to overcome the problem as noted above with respect to prior art. It is an object of the
present invention to provide a heat exchanging apparatus which can heat-exchange a large quantity of fluids efficiently
without restricting the fluids, and accordingly, a large quantity of heat exchanging fluids at a constant pressure and at a
constant temperature can be obtained and conveniently utilized, and in which the construction thereof can be simplified
to thereby remove troubles and to lower the cost.

Disclosure of Invention

Technical means of the present invention for achieving the aforementioned object comprises a heat exchanging
vessel to and from which a heat transfer medium is supplied and discharged; a heat exchanging flowpassage having a
plurality of peripheral flowpassages arranged in parallel within said heat exchanging vessel and communicated in a
peripheral direction and communicating flowpassages in which a plurality of locations between said peripheral flowpas-
sages are communicated so that positions of an inlet and an outlet in each peripheral flowpassage are deviated in a
peripheral direction; and a fluid supply path and a fluid discharge path inserted into said heat exchanging vessel and
communicated with said heat exchanging flowpassage. It is to be noted that the flowpassage termed herein means an
article such as a tube through which fluid flows. The same is true for claims.

Preferably, in the aforementioned technical means, the heat exchanging flowpassage has tanks on the supply port
side and on the discharge port side, and the supply path and the discharge path are communicated with the tanks.

According to the present invention constructed as described above, when the heat exchanging vessel is filled with
the heat transfer medium and the fluid for heat exchange is supplied from the supply path to the heat exchanging flow-
passage, the thus supplied fluid in the heat exchanging flowpassage flows into the plurality of the peripheral flowpas-
sages arranged in parallel and the communicating flowpassages for communicating them. However, since the positions
of the inlet and the outlet in the peripheral flowpassages are deviated in a peripheral direction, the fluid flows as a tur-
bulence while repetitively impinging upon the wall surfaces of the heat exchanging flowpassages, during which the fluid
can carry away heat of the heat transfer medium or heat of the fluid can be carried away by the heat transfer medium,
and the fluid after heat exchange can be discharged outside the heat exchanging vessel from the discharge path. In this
manner, the fluid is caused to flow in a turbulent state while repetitively impinging upon the wall surfaces of the heat
exchanging flowpassages whereby the fluid is much affected by the temperature of the wall surfaces, and the fluids fed
from the communicating flowpassages in the peripheral flowpassages are placed in the same condition and dispersed,
thus enabling the effective heat exchange of a large quantity of fluids without restricting the fluids. Further, since the
heat exchanging flowpassages can be configured by connection of flowpassages, the construction can be simplified.

Brief Description of Drawings
FIG. 1 is a perspective view of main parts showing a heat exchanging apparatus according to one embodiment of

the present invention.
FIG. 2 is a schematic systematic view showing a using example in which the heat exchanging apparatus is incor-
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porated between a superlow temperature storage tank for liquefied nitrogen and an evaporator.

FIG. 3 is a system constitutional view of an apparatus used for cooling experiments of dry air using the heat
exchanging apparatus according to one embodiment of the present invention.

FIG. 4 is a graph showing the results of cooling experiments of dry air using a heat exchanging apparatus (a 2-
stage ring type) according to one embodiment of the present invention (an axis of abscissa: passage time; an axis of
ordinate: temperature of dry air to be discharged).

FIG. 5 is a graph showing the results of cooling experiments of dry air using a heat exchanging apparatus (a 5-
stage ring type) according to one embodiment of the present invention (an axis of abscissa: passage time; an axis of
ordinate: temperature of dry air to be discharged).

FIG. 6 is a table indicating the values every flow rate of dry air shown in the graph of FIG. 5.

The description of reference numerals used in the drawings is as follows:

2 Heat exchanging apparatus
3 Heat exchanging vessel
10 Heat exchanging flowpassage

11 Supply tube

12 Discharge tube

18 Annular tube (peripheral flowpassage)
19 Communicating tube

20 Tank on the supply port side

21 Tank on the discharge port side
100  Compressor

101 Flowmeter

102 Weight meter

103  Synflex tube (1/2 inch)

104  Liquid nitrogen (-196 °C)

105  Heat exchanger

106 Digital pressure gauge

107 Digital thermometer

108  Gas holder

109  Cooled dry air

Best Mode for Carrying Out the Invention

One embodiment of the present invention will be described hereinafter with reference to the drawings.

FIG. 1 is a perspective view of main parts showing a heat exchanging apparatus according to one embodiment of
the present invention; and FIG. 2 is a schematic systematic view showing a using example in which the heat exchanging
apparatus is incorporated between a superlow temperature storage tank for liquefied nitrogen and an evaporator.

As shown in FIG. 2, a superlow temperature storage tank 1 can store liquefied nitrogen at -196°C. The superlow
temperatue storage tank 1 has its bottom communicated with a bottom of a heat exchanging vessel 3 of a heat
exchanging apparatus 2 according to the present invention by means of a tube 4, and a valve 5 is provided in the middle
of the tube 4. An upper portion of the heat exchanging vessel 3 is communicated with an inlet of an evaporator 6 by
means of a tube 8, and a supply tube 9 is communicatd with an outlet of the evaporator 6. A heat exchanging flowpas-
sage 10 is arranged within the heat exchanging vessel 3 of the heat exchanging apparatus 2 as will be described later,
and a supply tube 11 and a discharge tube 12 for dry air inserted into the heat exchanging vessel 3 are communicated
with the heat exchanging flowpassage 10. Valves 13 and 14 are provided in the middle of the supply tube 11 and the
discharge tube 12, respectively, the discharge tube 12 being communicated with a tank 15. A plurality of supply tubes
16 are communicated with the tank 15, and a valve 17 is provided in the middle of each of the supply tubes 16.

The heat exchanging flowpassage 10 is composed of annular tubes 18 communicated in a circumferential direction
which constitute peripheral flowpassages, communicating tubes 19 which constitute communicating passages, a tank
20 on the supply port side, a tank 21 on the discharge port side, and the like, as shown in FIG. 1. Plural rows (5 rows
in the illustrated embodiment) of the annular tubes 18 are arranged in a parallel state so as to have a desired spacing
in a vertical direction around a vertical axis. The annular tubes 18 adjacent to each other are communicated at plural
locations by the communicating tubes 19 in a vertical direction. The communicating tubes 19 in each of upper and lower
rows are arranged substantially at equal intervals while being alternately deviated in a peripheral direction to each other
so that the positions of an inlet and an outlet at the annular tube 18 in each row are alternately deviated in a peripheral
direction, the inlet and the outlet being set so that the inlet and the outlet are not opposed on a straight line. The tank
20 on the supply port side and the tank 21 on the discharge port side are arranged on the lower inside and on the upper
inside of the plural rows of the annular tubes 18. The tank 20 on the supply port side is communicated in its intermediate
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portion with the lowermost annular tube 18 by means of communicating tubes 22 arranged radially, and the tank 21 on
the discharge port side is communicated in its upper end portion with the uppermost annular tube 18 by means of com-
municating tubes 23 arranged radially. The supply tube 11 is communicated with the bottom of the tank 20 on the supply
port side, and the discharge tube 12 is communicated with the bottom of the tank 21 on the discharge port side.

The heat exchanging vessel 3, the annular tubes 18 constituting the said heat exchanging flowpassage 10, the
communicating tubes 19, the tanks 20 and 21, the communicating tubes 22 and 23, the supply tube 11, and the dis-
charge tube 12 are formed of materials which withstand a low temperature, for example, such as stainless steel and
copper.

The operation of the aforementioned constitution will be explained hereinafter.

A liquefied nitrogen, which is a heat transfer medium, is supplied into and filled in the heat exchanging vessel 3 of
the heat exchanging apparatus 2 by the tube 4 from the superlow temperature storage tank 1. The vessel 3 is applied
with a heat insulating material 7 to prevent it from being frozen. In this state, dry air to be cooled by heat exchange is
supplied to the tank 20 on the supply port side of the heat exchanging flowpassage 10 immersed with the liquefied nitro-
gen from the supply tube 11. The dry air supplied into the tank 20 flows into the lowermost annular tube 18 passing
through the communicating tubes 22, and flows from the lowermost annular tube 18 into its upper annular tube 18 pass-
ing through the communicating tubes 19. Thereafter, the dry air sequentially flows into the upper level annular tube 18
passing through the communicating tubes 19, and flows from the uppermost annular tube 18 into the tank 21 on the
discharge port side passing through the communicating tubes 23. In the tubes 18, 19, 22 and 23 and the tanks 20 and
21, cooling heat of the liquefied nitrogen, which is a refrigerant, is carried away from the wall surfaces thereof (that is,
heat of dry air is carried away) to cool them while the dry air is flowing in a manner as described above. At this time,
when the dry air flows into the lowermost annular tube 18 from the communicating tubes 22, it impinges upon the wall
surface of the annular tube 18. Since the positions of the inlets in each row of annular tubes 18 are alternately deviated
in a peripheral direction as described above and the inlet and the outlet are set so that they are not opposed, when the
dry air flows into the annular tubes 18 from the communicating tubes 19, the dry air impinges upon the wall surfaces of
the annular tubes 18 and is divided into left and right portions, and further impinges upon the dry air which likewise flows
from the adjoining communicating tube 19 to impinge upon the wall surface of the annular tube 18, which dry air
sequentially flows as a turbulence into the uppermost annular tube 18. In this way, the dry air repetitively impinges upon
the wall surface and flows in a turbulent state which is much affected by the temperature of the wall surface, and dry air
fed from the communicating tubes 19 on each line in the annular tubes 18 is placed in the same condition so that dry
air does not flow only in a fixed line but is dispersed. Therefore, it is possible to efficiently carry away cooling heat of the
liquefied nitrogen (that is, heat of dry air is carried away).

The same is true in the case where a part of the supply tube 11 is changed for that of the discharge tube 12 so that
the supply tube 11 functions reversely to the discharge tube or the discharge tube 12 functions reversely to the supply
tube.

The dry air cooled by the heat exchange as described above flows from the tank 21 into the tank 15 by the dis-
charge tube 12, and can be distributed into using sites as desired by the plurality of the supply tubes 16. At each using
site, the dry air can be mixed with air at normal temperature to adjust it to a suitable temperature for use. On the other
hand, the liquefied nitrogen from which cooling heat was carried away by the heat exchange is introduced into the evap-
orator 6 by the tube 8 and vaporized at an atmospheric temperature or in hot water into nitrogen gas. The thus obtained
nitrogen gas can be supplied to the using site as desired by the supply tube 9.

In the prior art, liquefied nitrogen is directly supplied to the evaporator 6. In the embodiment of the present inven-
tion, however, after being used for heat exchange by the heat exchanging apparatus 2, liquefied nitrogen is supplied to
the evaporator 6, by which the temperature of liquefied nitrogen rises. Therefore, the evaporating efficiency obtained by
the evaporator 6 can be improved.

The results of experiments on the cooling efficiency of dry air according to the embodiment of the present invention
are given below. The experiments have been conducted under the following conditions.
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Measured gas

dry air pressure 6.8 kg/cm?
dew point less than -80 °C
temperature 9°C

Refrigerant gas

liquid nitrogen | temperature -196°C
evaporation temperature -188°C

natural evaporation amount | 0.05 kg/min

The system of the apparatus used for experiments is shown in FIG. 3.
The method of the present experiment may be summarized as follows:

1. Dry air for measurement was taken off through a 1/2 inch tube by a takeoff valve in the factory and supplied.

2. For obtaining the relationship between flow rate and pressure, a float type flowmeter was mounted at an inlet of
a heat exchanger, and digital type pressure gauges were mounted at an inlet and an outlet.

3. All the heat exchanger were manufactured of SUS.

4. The heat exchanger was put into an SUS container applied with simple insulation and the container was inter-
nally filled with liquid nitrogen from an ELF. The container is of an open type with a lid merely placed.

5. For measuring the weight of the vaporized liquid nitrogen, the entire SUS container was placed on the weight
meter to measure the weight from a change of graduations. The reduced value was measured every 30 seconds,
and the mean value per minute of the same flow rate was obtained.

6. Dry air cooled by the heat exchanger was put into a gas holder by a 1/2 inch Synflex tube to measure a change
of temperature by a digital type thermometer mounted on the holder.

The results of experiments are as shown in FIGS. 4 and 5.

FIG. 4 is a graph indicating temperatures of cooled dry air discharged from the heat exchanger with respect to the
passage time from the start of supplying dry air in the case where a 2-stage ring type heat exchanger (in FIG. 1, two
uppermost and lowermost annular tubes 18 are used, between which is connected the communicating tubes 19) was
used.

The results of experiments may be summarized as follows:

1. The more flow rate of dry air, the heat exchanging efficiency for cooling is enhanced.

2. In the case where the flow rate of dry air is in the constant condition, an outlet pressure relative to an inlet pres-
sure is substantially constant, and a variation of pressure rarely occurred.

3. A minimal temperature of dry air discharged reached to -162 °C, a cooling gas at a constant temperature relative
to a constant flow rate was generated, and no variation of temperature occurred.

4. In the 2-stage ring, only cooling gas was discharged, and no liquefying phenomenon was found.

5. In 2 to 3 minutes after supply of dry air, a temperature reaches to approximately -160°C.

FIG. 5 is a graph indicating temperatures of cooled dry air discharged from the heat exchanger with respect to the
passage time from the start of supplying dry air in the case where a 5-stage ring type heat exchanger was used.

As described above, according to the aforementioned embodiment, since a large quantity of dry air can be heat
exchanged efficiently without restricting dry air, it is possible to obtain a large quantity of dry air cooled to a constant
temperature. Further, since dry air is once stayed in the tank 20 on the supply port side from the supply tube 11, dry air
can be supplied at constant pressure and at constant flow rate to the communicating tubes 19 in each line. Further,
since dry air after cooled to a constant temperature from the communicating tubes 19 in each line is once stayed in the
tank 21 on the discharge port side, it is possible to supply the dry air after cooled to the using site at constant pressure
and at constant flow rate. It is possible to simply increase the quantity of dry air to be cooled by increasing a diameter,
an area and a length of the annular tube 18, the communicating tube 19 or the like and a volume of the tanks 20 and 21.

While in the aforementioned embodiment, the tubes 18, 19, 11 and 12 having a circular section have been used for
the peripheral flowpassage, the communicating flowpassage, the supply path, the discharge path or the like, it is to be
noted that a square and an oval in section may be also used.
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Further, the peripheral flowpassage is not limited to an annular shape but a square and an oval can be used. The
communicating tubes 19 are not always arranged at equal intervals. The annular tubes may be different in diameter.
The communicating tubes may not connect adjoining annular tubes, but for example, they may alternately connect
annular tubes. Of course, as the heat transfer medium, there can be used, other than liquefied nitrogen, refrigerants
such as liquefied oxygen, liquefied argon, LNG, etc. For the purpose of raising a temperature, a heating medium can
be used. As a fluid subjected to heat exchange, there can be used, other than dry air, gases such as nitrogen, oxygen,
hydrogen, argon, natural gas, etc., and a mixture of liquid and gas. Further, alternatively, a plurality of rows of annular
tubes 18 as peripheral flowpassages may be arranged in parallel in a lateral direction around a horizontal axis. Besides,
the present invention can be variously changed in design within a scope not departing from the basic technical idea
thereof.

As described above, according to the present invention, when the heat exchanging vessel is filled with the heat
transfer medium and the fluid for heat exchange is supplied from the supply path to the heat exchanging flowpassage,
the thus supplied fluid in the heat exchanging flowpassage flows into the plurality of the peripheral flowpassages
arranged in parallel and the communicating flowpassages for communicating them. However, since the positions of the
inlet and the outlet in the peripheral flowpassages are deviated in a peripheral direction, the fluid flows as a turbulence
while repetitively impinging upon the wall surfaces of the heat exchanging flowpassages, during which the fluid can
carry away heat of the heat transfer medium or heat of the fluid can be carried away by the heat transfer medium, and
the fluid after heat exchange can be discharged outside the heat exchanging vessel from the discharge path. In this
manner, the fluid is caused to flow in a turbulent state while repetitively impinging upon the wall surfaces of the heat
exchanging flowpassages whereby the fluid is much affected by the temperature of the wall surfaces. Further, the tem-
perature is lowered due to the turbulent expansion of the fluid, and the fluids fed from the communicating flowpassages
in the peripheral flowpassages are placed in the same condition and dispersed without flowing in a specified communi-
cation flow passege, thus enabling the effective heatexchange of a large quantity of fluids without restricting the fluids.
Accordingly, a large quantity of heat exchanging fluids at a constant temperature can be obtained and conveniently uti-
lized. Further, since the heat exchanging flowpassages can be configured by connection of flowpassages, the construc-
tion can be simplified. Accordingly, troubles can be removed, and the cost can be lowered.

Moreover, the heat exchanging flowpassage has tanks on the supply port side and on the discharge port side,
respectively, and the supply path and the discharge path are communicated with the respective tanks whereby the fluid
is once stayed in the tank on the supply port side from the supply path and the fluid can be supplied to the communi-
cating flowpassages in each line at constant pressure and at constant flow rate, and the fluid heat exchanged to a con-
stant temperature is once stayed in the tank on the exhaust port side from the communicating flowpassages in each
line and can be supplied to the using site at constant pressure and at constant flow rate, thus enabling further stable
utilization.

Industrial Applicability

As described above, the heat exchanging apparatus according to the present invention is useful as a heat exchang-
ing apparatus for air cooling and as a heat exchanging apparatus for air conditioning having a large capacity, and is suit-
able for use with a heat exchanging apparatus particularly for a freezing warehouse or the like which is large in scale
and requires a low temperature.

Claims

1. A heat exchanging flowpassage for a heat exchanging apparatus comprising: a plurality of peripheral flowpassages
arranged in parallel and communicated in a peripheral direction, an inlet and an outlet provided in the peripheral
flowpassages so that positions of the inlet and the outlet are deviated in a peripheral direction in each peripheral
flowpassage, and communicating flowpassages for communicating the inlet and the outlet between the peripheral
flowpassages.

2. A heat exchanging apparatus comprising: a heat exchanging vessel to and from which a heat transfer medium is
supplied and discharged, a heat exchanging flowpassage according to claim 1 provided within said heat exchang-
ing vessel, and a fluid supply path and a fluid discharge path communicated with said heat exchanging flowpas-
sage.

3. A heat exchanging apparatus according to claim 2, wherein the heat exchanging flowpassage has tanks on the
supply port side and on the discharge port side, respectively, and the supply path and the discharge path are com-
municated with the tanks.
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