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ABSTRACT

[0055] A downhole tool to separate liquid from a drilling fluid includes a multi-vein 

cyclonic separator disposed within a housing, the cyclonic separator including at least 

two veins extending in a spiral along the length of the cyclonic separator, holes in the 

housing positioned adjacent to edges of veins of the cyclonic separator to allow liquid 

accelerated from the drilling fluid to exit the housing, and wherein the cyclonic separator 

is configured to provide high centrifugal forces to the drilling fluid downhole.
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AIR FILTRATION FOR ROCK DRILLING

BACKGROUND

Field of the Disclosure

[0001] Embodiments disclosed herein relate generally to rock drilling operations. More

particularly, embodiments disclosed herein relate to air filtration devices used in water 

injected dust suppression devices for rock drilling operations.

Background Art

[0002] Drilling into rock formations to enable explosive charges to be placed for 

excavating ore in open-cut mining operations may be carried out by rotary air blast drills. 

Air at high pressure (typically 40 psi) and volume (750 to 2000 cubic feet a minute (cfm)) 

may be delivered through a bore in the drill string to the drill bit. The air supplied to the 

drill bit, which may for example be a blade or roller type bit, exits from orifices or 

nozzles in the bit, cools the bearings of the bit and conveys the debris created by the 

drilling away from the drilling workface up the borehole. This debris may travel up the 

borehole at a typical (bailing) velocity of 5,000 to 7,000 feet per minute depending on the 

size of the borehole and the drill string.

[0003] The debris produced may include particulate matter and dust. To reduce the

dispersion of dust into the environment, which may have deleterious effects on 

equipment and personnel, the debris is sprayed with water. The water may be supplied 

with the air through the drillstring to the drill bit and in addition to suppressing dust, may 

also cause accelerated bearing failure. This is because the air being sent via the 

drillstring, in an open air bearing rotary tool, is used to cool the bearings as well as flush 

out cuttings within the bearing because there is no sealing system. As a result of now 

introducing water with the air via the drillstring, the bearing life may be reduced. Some 

of the potential failure modes by having water in the bearing may include an increased 

potential for spalling, hydrogen embrittlement, or accelerated wear of the components. 

Accordingly, there exists a need for a device capable of reducing or preventing water into 

air-driven rotary tools.
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SUMMARY OF THE DISCLOSURE

[0004] In one aspect, embodiments disclosed herein relate to a downhole tool to separate 

liquid from a drilling fluid, the downhole tool including a multi-vein cyclonic separator 

disposed within a housing, the cyclonic separator including at least two veins extending 

in a spiral along the length of the cyclonic separator, holes in the housing positioned 

adjacent to edges of veins of the cyclonic separator to allow liquid accelerated from the 

drilling fluid to exit the housing, and wherein the cyclonic separator is configured to 

provide high centrifugal forces to the drilling fluid downhole.

[0005] In another aspect, embodiments disclosed herein relate to a downhole tool to 

separate liquid from a drilling fluid, the downhole tool including a cyclonic separator 

disposed within a housing, the cyclonic separator including a first vein extending in a 

spiral along the length of the cyclonic separator, wherein the first vein comprises a 

variable pitch along the length of the cyclonic separator. The cyclonic separator also 

includes holes in the housing positioned adjacent to edges of the first vein to allow liquid 

accelerated from the drilling fluid to exit the housing, wherein the cyclonic separator is 

configured to provide high centrifugal forces downhole to the drilling fluid.

[0006] In another aspect, embodiments disclosed herein relate to a downhole tool to

separate liquid from a drilling fluid, the downhole tool including an impeller-type 

separator disposed within a housing, the impeller-type separator including a plurality of 

blades in a circular arrangement about a central axis. The impeller-type separator also 

includes holes in the housing to allow liquid accelerated by the plurality of blades from 

the drilling fluid to exit the housing, wherein the impeller-type separator is configured to 

provide increased centrifugal forces to the drilling fluid downhole.

[0007] Other aspects and advantages of the invention will be apparent from the following

description and the appended claims.

BRIEF DESCRIPTION OF DRAWINGS

[0008] FIG. 1 shows an assembly view of an air filtration device in accordance with

embodiments of the present disclosure.
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[0009] FIG. 2 shows an assembly view of a cyclonic type separator subassembly in 

accordance with embodiments of the present disclosure.

[0010] FIG. 3 shows an end view of a multi-vein separator in accordance with

embodiments of the present disclosure.

[0011] FIG. 4 shows a section view of a cyclonic separator subassembly in accordance

with embodiments of the present disclosure.

[0012] FIG. 5A shows a prior art cyclonic separator.

[0013] FIG. 5B-5F show component views of various configurations of cyclonic 

separators in accordance with embodiments of the present disclosure.

[0014] FIG. 6A shows an assembly view of an impeller type separator subassembly in

accordance with embodiments of the present disclosure.

[0015] FIG. 6B shows a section view of an impeller type separator subassembly in 

accordance with embodiments of the present disclosure.

[0016] FIG. 7A-7D show component views of various configurations of impellers in 

accordance with embodiments of the present disclosure.

[0017] FIG. 8 shows a section view of a venturi nozzle in accordance with embodiments 

of the present disclosure.

[0018] FIG. 9 shows a chart comparing vorticity values among various separators in

accordance with embodiments of the present disclosure.

[0019] FIG. 10 shows a chart comparing systems with and without air filtration devices

to drilling hours in accordance with embodiments of the present disclosure.

3
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DETAILED DESCRIPTION

[0020] In one aspect, embodiments disclosed herein relate generally to rock drilling 

operations. More particularly, embodiments disclosed herein relate to air filtration 

devices used in water injected dust suppression devices for rock drilling operations.

[0021] Referring to Figure 1, a section view of an air filtration device 100 in accordance

with embodiments of the present disclosure is shown. Air filtration device 100 includes a 

separator subassembly 110 which has a drillpipe connection 112 at a top end and a rotary 

tool connection 114 at a bottom end. Those skilled in the art will understand methods to 

connect a drillpipe (not shown) and rotary tool (not shown) to separator subassembly 110 

including, but not limited to, threading. Air filtration device 100 may be disposed within 

or adjacent (above or below in the drillstring) to a drillstring component, including but 

not limited to, a rotary tool, stabilizer, or other drillstring component known to those 

skilled in the art.

[0022] Further, in certain embodiments, separation subassembly 110 may include a

multi-vein cyclonic separator 120 disposed in a housing 125 configured to rotate with the 

drillstring. Referring to Figure 2, an assembly view of multi-vein cyclonic separator 120 

and housing 125 is shown in accordance with embodiments of the present disclosure. 

Multi-vein separator 120 is shown partially disassembled from housing 125.

[0023] In Figure 3, an exploded view of one end of a multi-vein cyclonic separator 120 is 

shown in accordance with selected embodiments of the present disclosure. Multi-vein 

separator 120 includes at least two individual veins 122A and 122B which extend in a 

spiral along the entire length of a center core 123 of separator 120. A person skilled in 

the art will understand that any number of individual veins 122 may be used on separator 

120. Further, veins 122 may have a uniform pitch or a variable pitch (increasing or 

decreasing) along the length of the cyclonic separator.

[0024] Referring to Figure 4, a section view of cyclonic separator subassembly 110 is

shown in accordance with embodiments of the present disclosure. In embodiments 

disclosed herein, a mixture of air and water 113 enters housing 125 of separator 

subassembly 110 and is forced to “swirl” in a vortical manner through separator 120.
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High centrifugal forces applied to the mixture 113, as well as a density difference 

between the air and water, may cause the more dense material {i.e., water) to 

centrifugally separate from the air. After separation of mixture 113, the fluid (water) 115 

may be removed from separator subassembly 110 as it travels toward outer edges of the 

separator veins and through holes 116 in the outer tubular wall of housing 125. The fluid 

115 may then exit upstream above the rotary tool (not shown) and into the hole which has 

been drilled. After the air and water mixture 113 has traveled through separator 

subassembly 110, and water 116 has been removed, the remaining air 117 may exit 

separator subassembly 110 and continue into an attached rotary tool.

[0025] Referring to Figures 5A-5F, component views of various configurations of multi­

vein cyclonic separators are shown in accordance with selected embodiments of the 

present disclosure. As used herein, “vein pitch” may be defined as the amount of axial 

spacing between adjacent edges of a vein as it extends in a spiral along the length of the 

separator. A “constant” vein pitch is defined as equal spacing along the length of the 

separator; a “variable” vein pitch is defined as uneven spacing (increasing or decreasing 

space between vein edges) along the length of the separator. Further, a “taper” may exist 

in both the veins and core of the separator, and is defined as a decreasing diameter in the 

veins, core, or both along the length of the separator from one end to the other.

[0026] Figure 5A shows a prior art single vein cyclonic separator having constant vein 

pitch.

[0027] Figure 5B shows a multi-vein cyclonic separator having a constant vein pitch in

accordance with embodiments of the present disclosure.

[0028] Figure 5C shows a single vein cyclonic separator having a variable vein pitch in

accordance with embodiments of the present disclosure.

[0029] Figure 5D shows a multi-vein cyclonic separator having a variable vein pitch in

accordance with embodiments of the present disclosure.

[0030] Figure 5E shows a multi-vein cyclonic separator having a tapered vein and a

constant core in accordance with embodiments of the present disclosure.

5
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[0031] Figure 5F shows a multi-vein cyclonic separator having a tapered vein and 

tapered core in accordance with embodiments of the present disclosure.

[0032] Referring to Figure 6A, an assembly view of an impeller separator subassembly

210 is shown in accordance with embodiments of the present disclosure. Separator 

subassembly 210 is shown disassembled, and includes impeller separators 230 and 

venturi nozzles 240 disposed within a housing 225. Now referring to Figure 6B, a 

section view of separator subassembly 210 is shown in further detail. Separator 

subassembly 210 includes impellers 230 mounted on a shaft 235, and further includes 

venturi nozzles 240. Those skilled in the art will understand various configurations 

possible such as the number of impellers 230 used, the number of venturi nozzles 240 

used, and arrangements between impellers 230 and venturi nozzles 240. In certain 

embodiments, the separator subassembly may only include one or more venturi nozzles 

in sequence. In further embodiments, a venturi nozzle may not be required and the 

separator subassembly may only include one or more impellers in sequence.

[0033] As described before, a mixture of air and water 113 enters housing 225 of 

separator subassembly 210 and is forced to “swirl” in a vortical manner. High centrifugal 

forces are applied to the mixture, and along with the density difference between the air 

and water, causes the more dense material, water, to centrifugally separate from the air. 

After separation of mixture 113, the fluid (water) 115 may be removed from the air 

through holes 116 in the outer tubular wall of housing 225. The fluid 115 may exit 

upstream above the rotary tool (not shown) and into the hole which has been drilled. 

After air/water mixture 113 has traveled through separator subassembly 210 and water 

115 has been removed, air 117 may exit separator subassembly 210 and continue on into 

an attached rotary tool.

[0034] The impeller concept may allow for a localized change in flow direction via 

rotational movement causing the different phases, or densities, to separate due to high 

centrifugal forces. Impellers 230 may be stationary with respect to the system or 

drillstring (not shown) and therefore rotate with the drillstring, or they may rotate within 

the drillstring. Further, a series of impellers 230 may be arranged next to each other 

along the system to promote more separation. A combination of the impellers and the

6
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venturi nozzles in sequence may induce higher flow velocities and create an atomization 

process or separation of the fluid particles within the air and fluid mixture.

[0035] Now referring to Figures 7A-7D, component views of various embodiments of 

impellers 210 are shown in accordance with embodiments of the present disclosure. As 

used herein, “blade” pitch may be defined as the angle of the blades as positioned on the 

impeller. A higher blade pitch may be closer to vertical, or closer to parallel in relation to 

an axis through the center of the impeller, than a lower blade pitch.

[0036] Figure 7A shows an impeller having flat blades and a higher blade pitch in 

accordance with embodiments of the present disclosure.

[0037] Figure 7B shows an impeller having flat blades and a lower blade pitch in 

accordance with embodiments of the present disclosure.

[0038] Figure 7C shows an impeller having uniform curved blades in accordance with 

embodiments of the present disclosure.

[0039] Figure 7D shows an impeller having variable curved blades in accordance with 

embodiments of the present disclosure.

[0040] Referring to Figure 8, a section view of a venturi nozzle 240 is shown in

accordance with embodiments of the present disclosure. Fluid flow through venturi 

nozzles is well understood in the art. The pressure differential between location 242 and 

location 244 may be used to create moisture droplets through an atomization process. 

The use of venturi nozzles may produce higher velocity streams, which may induce or 

provide better or more efficient mixture separation.

[0041] Experimental procedures conducted to compare performance between various

separator configurations showed improved performance by embodiments disclosed 

herein. Two significant performance parameters compared were “vorticity” values in the 

separators and pressure drops across the separators. As used herein, a vorticity value may 

be defined as a vector measure of local circulation in a fluid flow and may be used to 

predict separation of multiphase flow. Higher vorticity values may correspond to higher 

centrifugal forces which are applied to the fluid during operation, and would therefore 

correspond to a higher separation efficiency of the separator.

7
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[0042] Referring to Figure 9, a chart showing average vorticity comparisons 900 of 

various separator subassemblies tested is shown in accordance with embodiments of the 

present disclosure. The separator subassemblies were modeled against a base model 

separator 901 having a single cyclonic vein with a constant pitch, and functioning 

similarly to the separator described and shown in Figure 5A. The base model separator 

901 having the single constant pitch vein was shown to have average vorticity values 

with little slope from inlet to outlet. Separator 901 provided base separation efficiency 

values by which to compare various embodiments disclosed herein.

[0043] A separator having multiple veins with a constant pitch 902 (Figure 5B) was 

shown to have higher overall vorticity values along the length when compared to single 

vein separator 901, and therefore predicted increased separation efficiency.

[0044] A separator having a single vein with a variable pitch 903 (Figure 5C) was 

modeled and was shown to have vorticity values that constantly increased from inlet to 

outlet. Separator 903 showed vorticity values close to separator 901 initially, however 

the vorticity values of separator 903 increased and were higher as the vein pitch increased 

along the separator. Therefore, predicted separation efficiency of separator 903 increased 

along the length.

[0045] Finally, a separator having a dual venturi and impeller combination 904 and 

functioning as described and shown in Figure 6 was compared to single vein cyclonic 

separator 901. This design (904) showed vorticity values which were more localized and 

also much higher (orders of magnitude higher) than single vein cyclonic separator 901. 

The “spikes” or peaks shown in Figure 9 for separator 904 represent the locations of the 

impellers; therefore the impellers provided greatly increased predicted separation 

efficiency as compared to the base model separator 901.

[0046] Further, the pressure drops and fluid velocity comparisons across the various 

separators were modeled and compared, the results of which are shown in Table 1 below. 

As shown, the multi-vein cyclonic separator 902 was shown to have the smallest pressure 

drop along its length when compared to the base model single vein separator 901.

8
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Table 1 - Pressure Drop and Velocity Comparison
Design System Pressure 

Drop (psi)
Maximum Air 
Mach Number

901 75.7 0.836

902 45.3 0.741

903 71.6 0.758

904 67.6 0.822

[0047] The modeled data described above may be used to optimize separator designs, 

however, there are often trade-offs between the performance characteristics or parameters 

involved in optimizing the separators. For example, in theory, there may be a trade-off 

between the two performance parameters modeled, i.e., pressure drop and water 

separation efficiency; the higher the pressure drop across the separator, the greater the 

separation efficiency and vice versa. Therefore, one performance characteristic may be 

sacrificed at the expense of increasing the other.

[0048] In contrast, embodiments of the present disclosure may provide separators 

capable of increasing both performance characteristics (i.e., pressure drop and separation 

efficiency). Looking at the data obtained from the models of multi-vein separator 902, a 

smaller pressure drop across the separator, and higher vorticity values (indicating higher 

separation efficiencies) are shown. Further, comparing pressure drop and vorticity values 

obtained for impeller type separator 904, the pressure drop across the separator was 

similar to single vein separator 901, however, the vorticity values shown in Figure 9 are 

orders of magnitude (up to six times) higher than vorticity values of single vein separator 

901.

[0049] In current designs (901), the amount of volume required in the air filtration device 

to create high vorticity values desired may potentially be much greater when compared to 

an impeller type separator system (904). From the fluid dynamic modeling shown in 

Figure 9, the vorticity values of an impeller type design (904) are on the order of six 

times more versus current designs (single vein cyclonic 901). The high vorticity values 

were shown to be possible without having a significant pressure drop across the impeller 

separators, and while maintaining near equivalent Mach numbers (fluid velocities) as

9
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compared to the current design 901. The impeller type separator system 904 may 

therefore require less space to perform the same function but with greatly increased 

separation efficiency.

[0050] Advantageously, the multi-vein cyclonic separators were shown to predict an 

increase in separation efficiency (higher vorticity values) with a lower pressure drop 

through the separator. The multi-vein separators may be less sensitive to nozzle 

adjustments (i.e., sizing) which may lead to increased water separation efficiency. The 

impeller type separators were shown to have increased vorticity values, resulting in a 

separator requiring less space as previously mentioned. In embodiments with venturi 

nozzles, the impeller type separators were shown to provide an increased velocity, 

predicting more efficient water separation and removal.

[0051] Advantageously, embodiments of the present disclosure for the air filtration 

device may promote increased bearing life in the rotary tool by removing the water 

before it is able to enter the rotary tool. Referring to Figure 10, a bar chart 1000 is shown 

comparing the life of a system without the air filtration device 1010 to a system with the 

air filtration device 1020 in two different models (1 and 2). As shown in both models 1 

and 2, the system with the air filtration device 1020 showed greatly increased life 

expectancy over the system without the air filtration device 1010, and therefore was 

capable of more drilling hours.

[0052] In general, the air filtration device may significantly increase the rotary tool or

drill bit life by removing the water before it enters. This increased bit life may increase 

productivity by not having to replace the bit as often, as well as reduce drilling costs due 

to downtime. Further, overall costs may be reduced by having to buy fewer bits. Further, 

operating costs will be reduced on a cost per meter/foot drilled by having the bit last 

longer for the same cost of the drill bit.

[0053] Further, embodiments of the present disclosure may be less sensitive to nozzle

sizing requirements. Previously, a reduction in the nozzle size used was required because 

of higher pressure drops experienced across the separator. In embodiments disclosed 

herein, the nozzles may not have to be tailored to correspond to the separator being used, 

allowing for fewer requirements and more flexibility in design.

10
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[00054] While the present disclosure has been described with respect to 

a limited number of embodiments, those skilled in the art, having 

benefit of this disclosure, will appreciate that other embodiments may 

be devised which do not depart from the scope of the disclosure as

5 described herein. Accordingly, the scope of the disclosure should be

limited only by the attached claims.

[00055] In the specification the term “comprising” shall be understood 

to have a broad meaning similar to the term “including” and will be 

understood to imply the inclusion of a stated integer or step or group of

10 integers or steps but not the exclusion of any other integer or step or

group of integers or steps. This definition also applies to variations on 

the term “comprising” such as “comprise” and “comprises.”

[00056] The reference to any prior art in this specification is not, and 

should not be taken as an acknowledgement or any form of suggestion

15 that the referenced prior art forms part of the common general

knowledge in Australia.
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1. An air filtration device disposed proximate a rotary mining bit in a drillstring to 

separate liquid from a drilling fluid, the air filtration device comprising:

a multi-vein cyclonic separator disposed within a housing configured to rotate with 

the drillstring, the cyclonic separator comprising:

at least two veins extending in a spiral along the length of the cyclonic 

separator;

wherein at least one of the at least two veins comprises a decreasing pitch 

along an entire axial length of the multi-vein cyclonic separator;

holes in the housing positioned adjacent to edges of veins of the cyclonic separator 

to allow liquid accelerated from the drilling fluid to exit the housing;

wherein the cyclonic separator is configured to provide high centrifugal forces to 

the drilling fluid downhole.

2. The air filtration device of claim 1, wherein the multi-vein cyclonic separator is 

disposed within a drillstring component.

3. The air filtration device of claim 1, wherein the multi-vein cyclonic separator is 

disposed in a drillstring immediately adjacent to a drillstring component.

4. The air filtration device of any one of claims 1 to 3, wherein at least one of the at 

least two veins of the multi-vein cyclonic separator comprises a variable pitch.

5. The air filtration device of any one of claims 1 to 4, wherein the multi-vein 

cyclonic separator comprises a tapered core.

6. The air filtration device of any one of claims 1 to 3, wherein at least one of the at 

least two veins of the multi-vein cyclonic separator is tapered.

7. The air filtration device of any one of claims 1 to 6, wherein the multi-vein 

cyclonic separator is configured to produce increased vorticity values in the 

drilling fluid.
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8. The air filtration device of any one of claims 1 to 7, wherein the liquid accelerated 

from the drilling fluid comprises water.

9. The air filtration device of any one of claims 1 to 8, wherein the drilling fluid 

comprises air.

10. The air filtration device of any one of claims 1 to 9, further comprising at least one 

venturi nozzle positioned adjacent to the multi-vein cyclonic separator.

11. The air filtration device of any one of claims 1 to 10, substantially as hereinbefore 

described with reference to the accompanying drawings.

13
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FIG. 1

FIG. 2
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FIG. 5A FIG. 5B FIG. 5C

FIG. 5D FIG. 5E FIG. 5F
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FIG. 6B
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FIG. 7D
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