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FIG 1

(57) Abstract: A vortex tube cooling system for cooling compressed gas in air drilling assemblies comprises a gas source, a com-
pressor, a plurality of vortex tube coolers and a drilling pipe in fluid communication with the plurality of vortex tube coolers. Each
vortex tube cooler has an inlet nozzle for receiving compressed gas from the gas source into a swirl chamber. The swirl chamber is in

O fluid connection with a vortex tube defining a hot outlet, and a cold outlet. An inlet of the drilling pipe receives a cold air stream

W

leaving the cold outlet of the plurality of vortex tube coolers.
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YVORTEX TUBE COOLER

RELATED APPLICATIONS

{8081 This apphication claims the benefit of United States Provisional Patent Application
No. 61/906,243 filed on November 19, 2013, the entire disclosure of which 18 hereby

incorporated herem by reference.

BACKGROUND

{8082} The mvention relates generally to 4 vortex tube used to provide cooling for air or gas

drilling operations.

{3383} A vortex tube is a mechaunical device that can be used to separate gas streams futo a
hot stream and a cold stream. The separation of the hot stream from the cold stream is
accomplished by first expanding the gas siream at the inlet of the vortex tube. Then the gas
stream then enters a swirl chamber with a high tangential velocity and is forced to travel towards
a hot end of the vortex tube. When travehing towards the hot end of the vortex tube, the gas
stream is separated info an outer hot stream and an inner cold stream. Lastly, a valve placed at

the hot end of the vortex tube directs the hot stream and the cold stream.

{084} Vortex tubes are characterized as cither a downstream type or a counter flow type. In
the downsirean type, the valve aliows both the hot stream and the cold stream to exit out the hot
end of the vortex tube. Alternatively, in the counter flow type, the valve directs the cold stream
in the opposite divection where it exits the voriex tube out of a cold end and divects the hot

stream o exit put of the hot end of the vortex tube.

{6085] The use of air or gas streams as circulating mediums for drilling operations in
recovery wells, inchuding oil, natural gas, and geothermal fluids wells, has becore a widely
accepted and effective technique in recovery operations. In some instances, “air dritling” or “gas
drilling” with corapressed air or nitrogen 18 a preferred approach over conventional heavy

drithing fluids, which are used, for instance, in driliing oil wells.
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{6086] Heavy drilling fluids are used to cool drilling bits and bring broken rock cuttings up
to the surface of the well, However, in addition to being expensive, the heavy dritling flinds
exert high pressure on the rocks, which reduces dritling rates. For shaliow and dry formations of
the well, air drilling or gas drilling 1s a more cconomical approach that can speed up the drlling

process considerably.

{60871 Commouly, the corapressed air or gas is puraped into a drilling string of a drilling vig
and utilized directly in the drilling process. In such operations, however, high amounts of heat
are generated at the drithng bits deployed within the well. The drilling bits and other equipment
exposed within the well tend to detertorate under the high heat stress by cracking and burning

over fime. When such drilhing tools deterorate, they require replacements, which can be

frequent and result in costly idling time.

{6088] Therefore, it would be desirable o have a vortex tube capable of providing adequate
cooling to an air or gas drilling operation. Furthermore, it would be desirable to have a cooling
system comprising a plurality of vortex tubes capable of meeting high flow capacity demands

present in air or gas drilling operations.

BRIEF SUMMARY OF THE INVENTION

{3009] A vortex tube cooler and a vortex tube cooling systern are disclosed that address the
aforementioned problems. In one aspect, the invention provides a voriex tube cooler may include
an infet norrle, a swirl chamber arranged to receive a flow of compressed gas from the inlet
noezzle, a voriex tube 1 fluid communication with the swirl chamber and defiming a vortex tube
diameter D, a vortex tube length L, and a hot outlet arranged at an opposite end of the vortex
tube from the swirl chamber, and a vortex ratio of the vortex tube length to the vortex tube

diameter L/ 18 between about ton and cighteen.

{8016} In another aspect, the invention provides a vortex tube cooling system for cooling gas
in gas drilling assemblics. The vortex tube cooling systera mcludes a gas source, a compressor

arranged to recetve gas from the gas source and generate high pressure compressed gas at a
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vortex tube cooler inlet pressure Py, a plurality of vortex tube coolers, and a drilling pipe in fluid

commuunication with the phurahity of vortex tube coolers,

G011} In some embodiments, cach vortex tube cooler in the plurality of vortex tube coolers
include an imnlet nozzie for receiving the high pressure compressed gas into a swirl chamber, a
vortex tube in fluid cormmunication with the swirl chamber and defining a vortex tube diameter
13, a vortex tube length L, and a hot outlet arranged at an opposite end of the vortex tube from the
swirl chamber, and a cold outlet arranged at an opposite end of the vortex tube cooler from the

hot outlet and 1ocloding a cold outlet aperture and 4 cold exat.

{8612} In still other embodirents, an inlet of the drithing pipe recetves a cold compressed gas

flow leaving the plurality of vortex tube coolers at a vortex tube cold outlet pressure Pe.

18013} The foregoing and other aspects and advantages of the invention will appear from the
following description. In the description, reference is made to the accompanying drawings
which form a part hereof, and in which there is shown by way of llusiration a preferred
cmbodiment of the invention. Such crabodirnent does not necessartly represent the full scope of
the invention, however, and reference 18 made therefore to the claims and herewn for interpreting

the scope of the invention.

BRIEF DESCRIPTION OF DRAWINGS

HEHEY The invention will be better understood and features, aspects and advantages other
than those set forth above will become apparent when consideration is given to the following
detatled description thercof. Such detailed description makes reference to the following

drawings.

{B815] FIG. 1 is a cross-section view of a vortex tube cooler according to one embodiment of

the invention.

{3816] FIG. 2 is a cross-section view of an inlet nozzle of the vortex tube cooler taken along

fine A-A of FIG. 1.
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{4617} FIG 3 is a side view of a vortex tube cooler according to another embodiment of the

current invention.

{B018] FIG 4 15 a schematic of a vortex tube cooling systern according to one embodiment of

the current invention,

DETAILED DESCRIPTION OF THE INVENTION

{8019] Before any embodiments of the invention are explained in detail, it is to be
understood that the invention 1s not limited m its application to the details of construction and the
arrangement of components set forth in the following description or illustrated in the following
drawings. The invention s capable of other erabodiraents and of being practiced or ot being
carried out 10 various ways. Also, it s to be understood that the phraseology and terminology
used herein is for the purpose of description and should not be regarded as limiting. The use of
“wmchuding,” “covaprising,” or “having” and variations thereof heren 18 rocant to encorapass the
items listed thereafter and equivalents thereot as well as additional items. Unless specified or

EREY

iimnited otherwise, the terms “mounted,” “conmected,” “supported,” and “coupled” and variations
thereof are used broadly and encompass both direct and indirect mountings, connections,
supports, and couplings. Further, “connected” and “coupled” are not restricted to physical or

mechanical connections or couplings.

{026} The following discussion s preseuted to enable a person skilled i the art to make and
use embodiments of the invention. Various modifications to the tlhustrated embodiments will be
readily apparent to those skilled 1n the art, and the genenie principles heretn can be apphed to
other embodiments and applications without departing from embodiments of the invention.
Thus, embodiments of the invention are not intended to be lmited to embodiments shown, but
are to be accorded the widest scope consistent with the principles and features disclosed herein.
The following detailed description is to be read with reference to the figures, 1o which hike
elements in different figures have like reference mumerals. The figures, which are not
necessarily to scale, depict sclected embodiments and are not intended to limit the scope of
cmbodiments of the mvention. Skilled artisans will recogmze the examples provided berein have
many usefi alternatives and fall within the scope of embodiments of the invention.

4
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{6621} Fig. | shows a vortex tube cooler 100 including an inlet nozzie 104, a swirl chamber
108, a cold outlet 110, and a vortex tube 112 defining a hot outlet 116, The inlet nozzle 104 s
arranged generally transverse to the vortex tube 112 and is fluidly connected to the vortex tube
112 through the swirl chamber 108, The inlet nozzle 104, the swirl chamber 108, the cold outlet

110, and the vortex tube 112 are integrally formed in the illustrated emsbodiment.

{80221 As shown in Fig. 2, the inlet nozzle 104 defines a substantially rectangular shape. The
inlet nozzle 104 further defines an aspect ratio L/Ly, a ratio of a longitudinal length L of the
inlet nozzle 104 to a latitudmal length Ly of the inlet nozzle 104, of approxamately 0.2 in the
illustrated embodiment. In other embodiments, the inlet nozzle Ly/Ly aspect ratio may between

about 8.1 and 0.3,

{6823} With reference back to Fig. 1, the vortex tube 112 18 in fluid communication with the
swirl chamber 108, and further defines a vortex tube length L, a vortex tube diameter B3, and a
vortex ratio L/D. The vortex ratio L/D can be defined as the ratio of the vortex tube length L
divided by the vortex tube diameter I, In the iHustrated embodiment, the vortex tube length L is
approximately 789 mullimeters, and the vortex ratio L/D is approximately fourteen. fn other
embodiments, the vortex tube length L and the vortex tube diameter D may be constrained by a
different vortex ratio L/D, as desired. For example, the vortex ratio L/D could be between about

ten and eighteen.

19024} The hot cutlet 116 1s arranged at an opposite end of the vortex tube 112 from the
swirl chamber 108 and inchides a conical vaive 120. The conical valve 120 is attached to a
support structure (not shown} that threadingly cngages the hot outlet 116 but does not seal the
hot outlet 116 from the surroundings. The hot outlet 116 defines a hot outlet valve diameter Dy
which 18 less than the vortex tube diameter D therefore, fhud is allowed to flow around the
conical valve 128 and exit the hot outlet 116, In the illustrated embodiment, the hot outlet valve

diameter Dy is approximately 25 millimeters.

{8825] With continued reference to FIG. 1, the cold outlet 110 inchudes a cold outlet aperture
124 and a cold exit 128, and defines a expansion zone 132 between the cold outlet aperture 124

and the cold exit 128. The cold outlet 110 is in fluid commmunication with the swirl chamber 108

-5
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and is arranged on an opposite end of the vortex tube cooler 100 from the hot outlet 116, The
cold outlet aperture 124 defines a cold outlet diavacter D which is approximately 14.25
miilimeters in the thustrated erabodiment. o other embodiments, the cold outlet diameter may be
sized differently to accommodate other applications, as destred. A cold outlet ratio D/De may be
defined as a ratio of the cold outlet diameter D¢ o the vortex tube diameter D, Io the tilustrated
cmbodiment, the cold cutlet ratio B/D¢ 18 approximately 0.5, In other erubodiments, the cold

outlet ratio /D¢ may be between 8.4 and 0.6,

{8626] The expansion zone defines a cold zone expansion ratio Dy/De. The cold zone
expansion ratio Dy/Dc may be defined as the ratio of a cold exit diameter Dy to the cold putlet
diameter De. In the illustrated embodiment, the cold zone expansion ratio Dy/De is greater than

about one.

{80271 fu operation, a compressed gas stream {not shown) enters the inlet nozzle 104 of the
vortex tube cooler 100 at an inlet pressure Py where the flow is accelerated and directed towards
the swirl chamber 108, The corapressed gas stream enters the swirl chamber 108 with a high
tangential velocity and travels toward the hot outlet 116 of the vortex tube 112, When flowing
towards the hot outlet 116, the corapressed gas sirearn separates wio an outer hot gas stream {not

shown} and an inner cold gas stream {not shown) surrounded by the hot gas stream.

{6628} The conical valve 120 in the hot outlet 116 of the vortex tube 112 directs the cold gas
stream backwards towards the cold outlet 110, while the hot gas stream s allowed to flow
arpund the conical valve 120 and exit the hot outlet 116, The cold gas stream travels through the
cold outlet aperture 124 of the cold outlet 110 and is then expanded through the expansion
section 132, Finally, the cold gas stream exits the vortex tube cooler 100 through the cold extt
128 at a cold outlet pressure Pe. An expansion ratio Py/Pe may be defined as the ratio of the inlet
pressure Pr to the cold outlet pressure Pe. In the illustrated embodiment, the expansion ratio is
approximately 3.2. In other embodiments, the expansion ratio may be between approximately 3.0

and 3.4,

{6829} Fig. 3 shows a vortex tube cooler 200 with all of the same elements as the vortex tube

100, as described above with reference to Figs. 1 and 2, except a cold outlet 202 of the vortex
-6 -
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tube cooler 200 includes an end cap 204 that defines a cold exit 208 and a cold exit diamecter (not
shown). The end cap 204 may wclude a vortex generator {not shown) to aid 1o the generation of
a swirling flow within the swirl chamber. The end cap 204 threadingly engages a threaded 1uner
surface of the swirl chamber. The vortex tube 200 further includes all of the sarae ditnension and

dimensional ratios as vortex tube 100, as described above with reference to Figs. 1 and 2.

{(338] Fig. 4 show a vortex tube cooling system 308 for cooling compressed gas in gas
drilling assemblics including a gas source 304, a compressor 308, and a bundle of vortex tube
coolers 312. The bundle of vortex tube coolers 312 mcludes a plurality of either the vortex tube
cooler 100 or the vortex tube cooler 200, described above. In the illustrated embodiment, the
bundic of vortex tube coolers 312 meludes approximately sixieen vortex tube coolers 100, In
another embodiment, the bundle of vortex tube coolers 312 includes between approximately

fitteen and twenty vortex tube coolers 100,

{3031} The vortex tube cooling systern 300 15 used to cool a drilling location 316 including
surface 320, typically at ground level, and a wellbore 324 extending through an underground
layer 328. A drilling pipe 332 extends through the wellbore 324 and defines an inlet 336 near the
surface 320 and a drilling head 340 arranged ou the opposite side of the wellbore 324 from the
inlet 336. The drilling head 340 may include a drifling bit or other means for cutting through the

underground layer 328.

180321 In operation, the gas source 304 provides gas to the corapressor 308 where high
pressure compressed gas at a vortex tube cooler tnlet pressure Py is generated. The compressed
gas then Hlows through the bundle of vortex tube coolers 312 where the compressed gas 1s cooled
and exits at a vortex tube cooler cold outlet pressure Pe. An expansion ratio PyYPe may be defined
as the ratio of the vortex tube cooler mnlet pressure Py to the vortex tube cooler cold outlet
pressure Pe. In the llustrated embodiraent, the expansion ratio 1s approxamately 3.2, In other

embodiments, the expansion ratio may be between approximately 3.0 and 3.4,

{8633} The cooled compressed gas enters the drilling location 316 at the inlet 336 of the
drithing pipe 332 and is guided vonderground through the drilling pipe 332, The cooled

compressed gas flows through the drilling head 340 where heat is transferred from the drilling
-7 -
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head 340 to the cooled compressed gas, warming the gas and cooling the drilling head 340, The
warmed compressed gas travels upwardly toward the surface 320 n a channel 344 swrrounding
the drilling pipe 332, where 1s eventually exits the wellbore 324 at a surface ontlet 348 arranged

on the surface 320 surrounding the drilling pipe 332,

{3034] It will be appreciated by those skilled 1n the art that while the mvention has been
described above in connection with particular erabodiments and examples, the invention is not
necessartly so Hmited, and that numerous other embodiments, examples, uses, modifications and
departures frorn the embodiments, exaraples and uses are intended to be encompassed by the
claims attached hercto. The entire disclosure of cach patent and publication cited herein 18
incorporated by reference, as if each such patent or publication were tndividually incorporated by

reference herein.
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CLAIMS
We claim:

1. A vortex tube cooler comprising:
an inlet nozzle;
a swirl chamber arranged to receive a flow of compressed gas from the inlet nozzle; and
a vortex tube in flutd comrunication with the swirl chamber and defining a vortex tube
diameter (D), a vortex tube length (I}, and a hot outlet arranged at an opposite end of
the vortex tube from the swirl chamber,
wherein a vortex ratio of the vortex tube length to the vortex tube diameter (1L/D) 18

between about ten and eighteen.

2. The vortex tube cooler of claim 1, wherein the vortex ratio 18 about fourteen.

3. The vortex tube cooler of claim 1, wherein the inlet nozzle defines a substantially
rectangular shape.

4. The vortex tube cooler of claim 1, wherein the inlet nozzie defines an aspect ratio of
between about .1 and 0.3,

3. The vortex tube cooler of claim 1, wherein the inlet nozzle defines an aspect ratio of
about 0.2,

6. The vortex tube cooler of claim 1, further comprising a cold outlet arranged on an
opposite end of the vortex tube cooler from the hot outlet and including a cold outlet
aperture defining a cold gutlet diameter De.

7. The vortex tube cooler of claim 6, wherein a cold outlet ratio of the cold cutlet diameter
o the vortex tube diameter (D¢/D) is between about 8.4 and 8.6,

8. The vortex tube cooler of claim 6, wherein a cold outlet ratio of the cold outlet diamcter
to the vortex tube diameter {D:/13} 1s about §.5.

9. The vortex tube cooler of claim 6, wherein the cold outlet further includes a cold exit that
defines a cold exit diameter (D).

18, The vortex tube cooler of claim 9, wherein the cold outlet defines an expansion zone

between the cold outlet aperture and the cold exit.

-9 -
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The vortex tube cooler of claim 9, wherein a cold expansion zone ratio of the cold exit
diameter to the cold outlet diaracter (Bp/Dp) is greater than about one.

The vortex tube cooler of claim 6, wherein the cold cutlet further includes an end cap
defining a cold exit with a cold exat diameter Dy,

The vortex tube cooler of claim 12, wherein the cold outlet defines an expansion zone
between the cold outlet aperture and the cold exit.

The vortex tube cooler of claiw 13, wherein a cold expansion zone ratio of the cold exit
diameter to the cold outlet diameter (Dy/D} is greater than about one.

The vortex tube cooler of claum 6, wherein an expansion ratio of an indet pressure fo a
cold putlet pressure (Py Pe) is between about 3.0 and 3 4.

The vortex tube cooler of clair 6, wherein an cxpansion ratio of an inlet pressure to g

cold outlet pressure (Py Pe} is about 3.2,

-10 -
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7. A vortex tube cooling system for cooling corapressed gas in gas drilhing assemblies
comprising:

4 gas source;

a compressor arranged to receive gas from the gas source and generate high pressure
compressed gas at a vortex tube cooler inlet pressure Py

a pluraiity of vortex tube coolers, wherein each vortex tube cooler includes an nlet
norzie for recetving the high pressure compressed gas into a swirl chamber, a vortex
tube wherein the vortex tube s in flud communication with the swirl chamber and
defines a vortex tube diameter (D), a vortex tube length (L}, and a hot outlet arranged
at an opposite end of the vortex tube from the swirl chamber, and a cold outlet
arranged on an opposite end of the vortex tube cooler from the hot outlet and
including a cold outlet aperture and a cold exit; and

a drilling pipe in fluid communication with the plurality of vortex tube coolers, wherein
an inlet of the drilling pipe receives a cold compressed gas flow leaving the plurality

of vortex tube coolers at a vortex tube cooler cold outlet pressure Pe.

18, The vortex tube cooling system of claim 17, wherein the plurality of vortex tube coolers
includes between approximately fifteen and twenty vortex tube coolers.

19, The vortex tube cooling system of claira 17, wherein the plurality of vortex tube coolers
includes approximately sixteen vortex tube coolers.

20.  The vortex tube cooling system of claim 17, wherein a expansion ratio of the vortex tube
cooler inlet pressure to the vortex tube cooler cold outlet pressure (Py/Pe} between

approxinately 3.0 and 3.4

o
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