wo 2025/147273 A1 |0 00000 KRN0 00 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property 3

Organization
=

International Bureau

(10) International Publication Number

(43) International Publication Date WO 2025/147273 Al
10 July 2025 (10.07.2025) WIPOIPCT
(51) International Patent Classification: (81) Designated States (unless otherwise indicated, for every
E21B 43/34 (2006.01) E21B 21/06 (2006.01) kind of national protection available). AE, AG, AL, AM,
E21B 36/00 (2006.01) E21B 47/06 (2006.01) AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
(21) International Application Number: CA, CH, CL, CN, €0, CR, CU, CV, CZ, DE, DJ, DK, DM,
P CT/US2024/012237 DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
- HN, HR, HU, ID, IL, IN, IQ, IR, IS, IT, JM, JO, JP, KE, KG,
(22) International Filing Date: KH, KN, KP, KR, KW, KZ, LA, LC, LK, LR, LS, LU, LY,
19 January 2024 (19.01.2024) MA, MD, MG, MK, MN, MU, MW, MX, MY, MZ, NA,
(25) Filing Language: English NG, NI NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO,
N ’ RS, RU,RW, SA, SC, SD, SE, SG, SK, SL, ST, SV, SY, TH,
(26) Publication Language: English TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, WS,
L. ZA,ZM, ZW.
(30) Priority Data:
18/403,308 03 January 2024 (03.01.2024)  US  (84) Designated States (unless otherwise indicated, for every
. kind of regional protection available): ARIPO (BW, CV,
(71) Applicant: HALLIBURTON ENERGY SERVICES, GH. GM. KE. LR, LS, MW, MZ. NA, RW, SC. SD, SL. ST.
INC. [US/US]; 3000 N. Sam Houston Parkway E., Hous- S7. TZ. UG, ZM, ZW), Eurasian (AM, AZ BY, KG, KZ,
ton, Texas 77032-3219 (US). RU, TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ,
(72) Inventors: WEISS, Steven Robert; 3000 N. Sam Hous- DE, DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT,
ton Parkway E., Houston, Texas 77032-3219 (US). ROWE, LU, LV, MC, ME, MK, MT, NL, NO, PL, PT, RO, RS, SE,
Mathew Dennis; 3000 N. Sam Houston Parkway E., Hous- SI, SK, SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN,
ton, Texas 77032-3219 (US). GQ, GW,KM, ML, MR, NE, SN, TD, TG).
(74) Agent: COREY S. TUMEY; P.O. Box 890226, Houston, Published:

Texas 77062-9998 (US).

with international search report (Art. 21(3))

(54) Title: IMPINGING GAS SAMPLE WATER CONDENSER

(57) Abstract: A fluid filter that includes a thermoelectric cooler with a cold

DRILLING
ENVIRONMENT

100 g

DERRICK
104

TRAVELING

TRANSDUCER(S)

INFORMATION| l
HANDLING i
SYSTEM 130 ! DRILLING

l FLUID PUMP
A O = Z
C I ICIMMEEE R =z
T 77 g

7 7 7 T7777 7
Do Y

PLATFORM | -

102

DRILLING
FLUID
128

BOTTOM-HOLE
ASSEMBLY 118

DRILLSTRING
114

FIG. 1A

side and a hot side, an impingement enclosure, disposed against the cold side
CROWN BLOCK that includes an inlet adapted to direct a fluid to flow towards the cold side at a
first perpendicular angle, and an outlet adapted to direct the fluid to flow away
the cold side at a second perpendicular angle, an outlet temperature sensor dis-
posed at the outlet, and a controller operatively connected to the thermoelectric
cooler, where the controller is configured to send a command to the thermo-
BLOCK 708 electric cooler to change the power state of the thermoelectric cooler.
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Impinging Gas Sample Water Condenser

BACKGROUND

[0001] The oil and gas industry may use boreholes as fluid conduits to access subterranean
deposits of various fluids and minerals which may include hydrocarbons. A drilling operation
may be utilized to construct the fluid conduits which are capable of producing hydrocarbons
disposed in subterranean formations. Boreholes may be incrementally constructed as tapered
sections, which sequentially extend into a subterranean formation. In some environments,
subterranean deposits are dispersed as gases in formations. In such environments, liquids may
be utilized to mix with, capture, and extract the gaseous hydrocarbons from the subterranean

deposits.

BRIEF DESCRIPTION OF DRAWINGS

[0002] These drawings illustrate certain aspects of some examples of the present disclosure
and should not be used to limit or define the disclosure.

[0003] FIG. 1A is a diagram of an example drilling environment.

[0004] FIG. 1B is a diagram of the processing of drilling fluid to extract hydrocarbon gases.
[000S] FIG. 2A is a diagram of a fluid filter viewed from the front side.

[0006] FIG. 2B is a diagram of a fluid filter viewed from the back side.

[0007] FIG. 3A is a diagram of the flow in a fluid filter.

[0008] FIG. 3B is a diagram of the flow in a fluid filter with flow disrupters.

[0009] FIG. 4 is a diagram of the flow in a fluid filter showing collection of aerosols.

[0010] FIG. 5 is a diagram of a fluid filter with attached sensors and controller.

DETAILED DESCRIPTION

— Overview and Advantages —
[0011] In general, this application discloses one or more embodiments of systems and
methods for filtering a (mostly) gaseous fluid to remove unwanted aerosols. By removing
unwanted aerosols from the gas, a purer gas is obtained, upon which more accurate analysis

may be performed.
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[0012] In conventional drilling environments, gaseous hydrocarbons are extracted from
subterranean deposits by mixing the gaseous hydrocarbons with liquids (e.g., drilling mud),
cycling the liquids to the surface, then separating the gas from the liquid. After the gas is
isolated, the gas is then analyzed to determine its chemical composition of hydrocarbons. As
anon-limiting example, analysis is performed to identify the proportional presence of different
gases such as helium, hydrogen, oxygen, nitrogen, carbon dioxide, alkanes (e.g., methane,
propane, butane, octane, etc.), alkenes (e.g., ethene, pentene, etc.), and/or any other gaseous
hydrocarbons.
[0013] However, conventional methods to separate gases from liquids on a large scale (e.g.,
using a degasser) often leave particulate matter (e.g., aerosols, vapor, dust, etc.) dispersed
throughout the gaseous output. Consequently, when attempting to analyze the gaseous matter
for chemical composition, the lingering debris in the gas may (i) reduce accuracy of the results,
(i1) damage the analytical equipment, and/or (iii) preclude the use of more sophisticated and
sensitive analytical equipment.
[0014] Conventionally, to remove particulate matter, a coalescing filter may be used, but
such a filter does not remove aerosols (or provide for dehumidification). Alternatively, a
membrane may be used to filter aerosols, but such a membrane requires maintenance to be
cleaned or replaced, thus requiring personnel.
[0015] As disclosed herein, systems and methods are provided to filter a gas sample (used
for analysis) that removes aerosols, dehumidifies the gas, and requires little (or no)
maintenance for continual use. Specifically, to remove aerosols, the gas may be (i) cooled to
remove vapor, and/or (ii) forced to undergo fluid impingement to further separate the gaseous
matter from denser matter (solids and liquids). As a result, the remaining gas is purer and
allows for more accurate and precise analysis.

— FIG. 1A —
[0016] FIG. 1A is a diagram of an example drilling environment. Drilling environment 100
may include platform 102 that supports derrick 104 having a traveling block 108 for raising
and lowering top drive 110 and drillstring 114. Top drive 110 supports and rotates drillstring
114 as it is lowered through wellhead 112. In turn, drill bit 124, located at the end of drillstring

114, may create borehole 116. Each of these components is described below.
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[0017] Platform 102 is a structure which may be used to support one or more other
components of drilling environment 100 (e.g., derrick 104). Platform 102 may be designed
and constructed from suitable materials (e.g., concrete) which are able to withstand the forces
applied by other components (e.g., the weight and counterforces experienced by derrick 104).
In any embodiment, platform 102 may be constructed to provide a uniform surface for drilling
operations in drilling environment 100.

[0018] Derrick 104 is a structure which may support, contain, and/or otherwise facilitate the
operation of one or more pieces of the drilling equipment. In any embodiment, derrick 104
may provide support for crown block 106, traveling block 108, and/or any part connected to
(and including) drillstring 114. Derrick 104 may be constructed from any suitable materials
(e.g., steel) to provide the strength necessary to support those components.

[0019] Crown block 106 is one or more simple machine(s) which may be rigidly affixed to
derrick 104 and include a set of pulleys (e.g., a "block"), threaded (e.g., "reeved") with a
drilling line (e.g., a steel cable), to provide mechanical advantage. Crown block 106 may be
disposed vertically above traveling block 108, where traveling block 108 is threaded with the
same drilling line.

[0020] Traveling block 108 is one or more simple machine(s) which may be movably affixed
to derrick 104 and include a set of pulleys, threaded with a drilling line, to provide mechanical
advantage. Traveling block 108 may be disposed vertically below crown block 106, where
crown block 106 is threaded with the same drilling line. In any embodiment, traveling block
108 may be mechanically coupled to drillstring 114 (e.g., via top drive 110) and allow for
drillstring 114 (and/or any component thereof) to be lifted from (and out of) borehole 116.
Both crown block 106 and traveling block 108 may use a series of parallel pulleys (e.g., in a
"block and tackle" arrangement) to achieve significant mechanical advantage, allowing for the
drillstring to handle greater loads (compared to a configuration that uses non-parallel tension).
Traveling block 108 may move vertically (e.g., up, down) within derrick 104 via the extension
and retraction of the drilling line.

[0021] Top drive 110 is a machine which may be configured to rotate drillstring 114. Top
drive 110 may be affixed to traveling block 108 and configured to move vertically within
derrick 104 (e.g., along with traveling block 108). In any embodiment, the rotation of
drillstring 114 (caused by top drive 110) may allow for drillstring 114 to carve borehole 116.
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Top drive 110 may use one or more motor(s) and gearing mechanism(s) to cause rotations of
drillstring 114. In any embodiment, a rotatory table (not shown) and a "Kelly" drive (not
shown) may be used in addition to, or instead of, top drive 110.

[0022] Wellhead 112 is a machine which may include one or more pipes, caps, and/or valves
to provide pressure control for contents within borehole 116 (e.g., when fluidly connected to
a well (not shown)). In any embodiment, during drilling, wellhead 112 may be equipped with
a blowout preventer (not shown) to prevent the flow of higher-pressure fluids (in borehole
116) from escaping to the surface in an uncontrolled manner. Wellhead 112 may be equipped
with other ports and/or sensors to monitor pressures within borehole 116 and/or otherwise
facilitate drilling operations.

[0023] Drillstring 114 is a machine which may be used to carve borehole 116 and/or gather
data from borehole 116 and the surrounding geology. Drillstring 114 may include one or more
drillpipe(s), one or more repeater(s) 120, and bottom-hole assembly 118. Drillstring 114 may
rotate (e.g., via top drive 110) to form and deepen borehole 116 (e.g., via drill bit 124) and/or
via one or more motor(s) attached to drillstring 114.

[0024] Borehole 116 is a hole in the ground which may be formed by drillstring 114 (and one
or more components thereof). Borehole 116 may be partially or fully lined with casing to
protect the surrounding ground from the contents of borehole 116, and conversely, to protect
borehole 116 from the surrounding ground.

[0025] Bottom-hole assembly 118 is a machine which may be equipped with one or more
tools for creating, providing structure, and maintaining borehole 116, as well as one or more
tools for measuring the surrounding environment (e.g., measurement while drilling (MWD),
logging while drilling (LWD)). In any embodiment, bottom-hole assembly 118 may be
disposed at (or near) the end of drillstring 114 (e.g., in the most "downhole" portion of borehole
116).

[0026] Non-limiting examples of tools that may be included in bottom-hole assembly 118
include a drill bit (e.g., drill bit 124), casing tools (e.g., a shifting tool), a plugging tool, a mud
motor, a drill collar (thick-walled steel pipes that provide weight and rigidity to aid the drilling
process), actuators (and pistons attached thereto), a steering system, and any measurement tool

(e.g., sensors, probes, particle generators, etc.).
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[0027] Further, bottom-hole assembly 118 may include a telemetry sub to maintain a
communications link with the surface (e.g., with information handling system 201). Such
telemetry communications may be used for (i) transferring tool measurement data from
bottom-hole assembly 118 to surface receivers, and/or (ii) receiving commands (from the
surface) to bottom-hole assembly 118 (e.g., for use of one or more tool(s) in bottom-hole
assembly 118).

[0028] Non-limiting examples of techniques for transferring tool measurement data (to the
surface) include mud pulse telemetry and through-wall acoustic signaling. For through-wall
acoustic signaling, one or more repeater(s) 120 may detect, amplify, and re-transmit signals
from bottom-hole assembly 118 to the surface (e.g., to information handling system 201), and
conversely, from the surface (e.g., from information handling system 201) to bottom-hole
assembly 118.

[0029] Repeater 120 is a device which may be used to receive and send signals from one
component of drilling environment 100 to another component of drilling environment 100. As
a non-limiting example, repeater 120 may be used to receive a signal from a tool on bottom-
hole assembly 118 and send that signal to information handling system 201. Two or more
repeaters 120 may be used together, in series, such that a signal to/from bottom-hole assembly
118 may be relayed through two or more repeaters 120 before reaching its destination.
[0030] Transducer 122 is a device which may be configured to convert non-digital data (e.g.,
vibrations, other analog data) into a digital form suitable for information handling system 201.
As a non-limiting example, one or more transducer(s) 122 may convert signals between
mechanical and electrical forms, enabling information handling system 201 to receive the
signals from a telemetry sub, on bottom-hole assembly 118, and conversely, transmit a
downlink signal to the telemetry sub on bottom-hole assembly 118. In any embodiment,
transducer 122 may be located at the surface and/or any part of drillstring 114 (e.g., as part of
bottom-hole assembly 118).

[0031] Drill bit 124 is a machine which may be used to cut through, scrape, and/or crush (i.e.,
break apart) materials in the ground (e.g., rocks, dirt, clay, etc.). Drill bit 124 may be disposed
at the frontmost point of drillstring 114 and bottom-hole assembly 118. In any embodiment,
drill bit 124 may include one or more cutting edges (e.g., hardened metal points, surfaces,

blades, protrusions, etc.) to form a geometry which aids in breaking ground materials loose
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and further crushing that material into smaller sizes. In any embodiment, drill bit 124 may be
rotated and forced into (i.e., pushed against) the ground material to cause the cutting, scraping,
and crushing action. The rotations of drill bit 124 may be caused by top drive 110 and/or one
or more motor(s) located on drillstring 114 (e.g., on bottom-hole assembly 118).

[0032] Drilling fluid pump 126 is a machine that may be used to circulate drilling fluid 128
from a reservoir, through a feed pipe, to derrick 104, to the interior of drillstring 114, out
through drill bit 124 (through orifices, not shown), back upward through borehole 116 (around
drillstring 114), and back into the reservoir. In any embodiment, any appropriate drilling fluid
pump 126 may be used (e.g., centrifugal, gear, etc.) which is powered by any suitable means
(e.g., electricity, combustible fuel, etc.).

[0033] Drilling fluid 128 is a liquid which may be pumped through drillstring 114 and
borehole 116 to collect drill cuttings, debris, and/or other ground material from the end of
borehole 116 (e.g., the volume most recently hollowed by drill bit 124). Further, drilling fluid
128 may provide conductive cooling to drill bit 124 (and/or bottom-hole assembly 118). In
any embodiment, drilling fluid 128 may be circulated via drilling fluid pump 126 and filtered
to remove unwanted debris.

[0034] Information handling system 130 is a hardware computing system which may be
operatively connected to drillstring 114 (and/or other various components of the drilling
environment). In any embodiment, information handling system 130 may utilize any suitable
form of wired and/or wireless communication to send and/or receive data to and/or from other
components of drilling environment 100. In any embodiment, information handling system
130 may receive a digital telemetry signal, demodulate the signal, display data (e.g., via a
visual output device), and/or store the data. In any embodiment, information handling system
130 may send a signal (with data) to one or more components of drilling environment 100
(e.g., to control one or more tools on bottom-hole assembly 118).

[0035] In any embodiment, information handling system 130 may be utilized to perform
various steps, methods, and techniques disclosed herein (e.g., via the execution of software).
In any embodiment, information handling system 130 may include one or more processor(s),
cache, memory, storage, and/or one or more peripheral device(s). Any two or more of these
components may be operatively connected via a system bus that provides a means for

transferring data between those components.
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—FIG. 1B —

[0036] FIG. 1B is a diagram of the processing of drilling fluid to extract hydrocarbon gases.
[0037] In any embodiment, drilling fluid 128 is pumped down and into borehole 116, to mix
with and capture (subterranean) hydrocarbon gases 136 from a subterranean formation (not
shown). The (mixed) drilling fluid 128 is circulated back to the surface and processed by
degasser 132 to separate (mixed) drilling fluid 128 into (1) drilling fluid 128 and (i1) (extracted)
hydrocarbon gases 136. In turn, drilling fluid 128 may be circulated back into borehole 116
for further capture of (subterranean) hydrocarbon gases 136.
[0038] A sample of (extracted) hydrocarbon gas 136 is diverted for analysis by analytical
equipment 138 (e.g., to identify chemical composition). However, hydrocarbon gases 136 (as
separated by degasser 132) contain unwanted aerosols 474 (e.g., water vapor) that hinder the
analysis performed by analytical equipment 138. Accordingly, (extracted) hydrocarbon gas
136 is pumped through fluid filter 250 to further remove aerosols 474 before being provided
to analytical equipment 138.
[0039] Further details regarding fluid filter 250 may be found in the description of FIGs. 2A,
2B, 3A, 3B, 4, and 5.

— FIGs. 2A-2B —
[0040] FIG. 2A is a diagram of a fluid filter viewed from the front side. FIG. 2B is a diagram
of a fluid filter viewed from the back side.
[0041] Fluid filter 250 is a device which is configured to remove aerosols 474 from a fluid
flowing therethrough (e.g., extracted hydrocarbon gases 136). In any embodiment, fluid filter
250 may remove aerosols 474 via fluid impingement 372 and/or heat removal (i.e., "cooling").
Thus, fluid filter 250 may include an impingement enclosure 252, thermoelectric cooler 262,
and/or any other components to aid in the removal of aerosols 474.
[0042] Impingement enclosure 252 is a device that forces a fluid to undergo fluid
impingement 372 when flowing therein. In any embodiment, impingement enclosure 252 may
cause fluid impingement 372 by directing the fluid to flow in a different direction over a short
distance (e.g., make a sharp right-angle turn). Impingement enclosure 252 may be constructed
with inlet 254 and outlet 256 to facilitate influx 258 and efflux 260 of fluid, respectively. In
any embodiment, impingement enclosure 252 may be constructed (partially or entirely) of one

or more types of metal (e.g., steel, aluminum, copper, etc.).
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[0043] Backplate 253 is surface of impingement enclosure 252 that is disposed against cold
side 264 (of thermoelectric cooler 262). Due to the contact with cold side 264, heat is removed
from backplate 253 making backplate (and impingement enclosure 252 as a whole) colder. In
any embodiment, the inner side of backplate 253 (i.e., in the internal volume of impingement
enclosure 252) is the surface against which fluid impingement 372 occurs.

[0044] Inlet 254 is an orifice, port, hole, and/or other conduit through with a fluid enters
impingement enclosure 252 (i.e., as influx 258). In any embodiment, inlet 254 may be
connected to one or more other tubes, pipes, or conduits for carrying the fluid. In any
embodiment, inlet 254 may be constructed, assembled, or otherwise aligned to cause the fluid
to flow at a perpendicular angle (i.e., substantially orthogonal, 85° to 95°) to backplate 253.
[0045] Outlet 256 is an orifice, port, hole, and/or other conduit through with a fluid exits
impingement enclosure 252 (i.e., as efflux 260). In any embodiment, outlet 256 may be
connected to one or more other tubes, pipes, or conduits for carrying the fluid.

[0046] Influx 258 is the flow of the fluid into impingement enclosure 252 through inlet 254.
[0047] Efflux 260 is the flow of the fluid out of impingement enclosure 252 through outlet
256.

[0048] Thermoelectric cooler 262 is an electronic device that creates a temperature difference
between two sides of the device (i.e., from cold side 264 to hot side 266) when supplied with
direct current. In any embodiment, the exterior facing sides of thermoelectric cooler 262 may
be made be constructed from thermally conductive materials to aid in the transfer of heat into
and out of the device.

[0049] Cold side 264 is the side of thermoelectric cooler 262 that is colder (i.e., having less
heat) compared to hot side 266. In any embodiment, cold side 264 is thermally coupled to
impingement enclosure 252 (e.g., at backplate 253). In turn, heat conductively flows from
impingement enclosure 252 into cold side 264 of thermoelectric cooler 262 thereby making
impingement enclosure 252 colder (i.e., having less heat). In any embodiment, cold side 264
(and backplate 253 affixed thereto) are colder than influx 258 when the fluid enters
impingement enclosure 252 (i.e., a fluid temperature at influx 258 is greater than a backplate
253 temperature and/or impingement enclosure 252 temperature). When the fluid impacts
backplate 253, heat is transferred from the fluid into backplate 253, which is then transferred
into cold side 264.
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[0050] Hot side 266 is the side of thermoelectric cooler 262 that is hotter (i.e., having more
heat) compared to cold side 264. In any embodiment, hot side 266 is thermally coupled to
heatsink 268. In turn, heat conductively flows from hot side 266 into heatsink 268.
[0051] Heatsink 268 is a component that absorbs heat from a thermally coupled component
(i.e., via conduction) and releases that heat into the surrounding environment (i.e., via
convection). In any embodiment, heatsink 268 may have one side (through which heat is
conductively absorbed) that is shaped to mate with the geometric contours of another device
(e.g., aflat side of heatsink 269 pressed against the flat contours of hot side 266). Additionally,
in any embodiment, heatsink 268 may include one or more elongated arms (e.g., "fins")
extending outward into the surrounding gas (e.g., air) to increase the contact surface area
between heatsink 268 and that surrounding gas.
[0052] Fan 270 is an electromechanical device that may control, generate, or otherwise
manage the flow of gaseous matter. In any embodiment, fan 270 can direct and/or generate the
flow of gaseous matter across one or more surface(s) of solid matter that is surrounded by that
gaseous matter. Accordingly, fan 270 may be used to force the convection (i.e., thermal
exchange via surrounding fluidic matter) on one or more devices thereby expediting the rate
at which that device is brought to an equilibrium temperature with the surrounding
environment. Fan 270 may be coupled on (or near) the elongated arms of heatsink 268 to
expedite the convection of heat (i.e., cause forced convection) from heatsink 268 to the
surrounding ambient environment.

— FIGs. 3A-3B —
[0053] FIG. 3A is a diagram of the flow in a fluid filter. FIG. 3B is a diagram of the flow in
a fluid filter with flow disrupters.
[0054] Fluid impingement 372 is the rapid redirection of a flowing fluid. In any embodiment,
fluid impingement 372 may be caused by placing a structure in the path of a flowing fluid so
as to cause an impact between the fluid and the structure. Consequently, when the fluid impacts
the structure, the velocity of the fluid is rapidly reduced before being accelerated again to flow
through impingement enclosure 252.
[005S5] In any embodiment, the fluid may include particles of varying size, mass, and density

(e.g., aerosols 474) with varying momentum and inertia. Consequently, when a fluid
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undergoes fluid impingement 372, the particles therein may be separated based on their
differing physical properties.

[0056] As a non-limiting example, consider a fluid that is mostly gaseous (e.g., nitrogen,
oxygen, etc.) with water droplets suspended throughout (i.e., vapor). When flowing with the
gaseous matter, the water droplets will have greater kinetic energy (with greater momentum)
than the gaseous matter. In turn, when undergoing fluid impingement 372 the water droplets
will impact backplate 253 of impingement enclosure 252 "harder" (i.e., impacting with greater
force) than the gaseous matter. As a result, the water droplets may remain on the internal walls
of impingement enclosure 252, whereas the gaseous matter moves away from the internal
walls and resumes flowing through impingement enclosure 252. Consequently, the water
droplets may be separated from the gaseous matter of the fluid by forcing the fluid to undergo
fluid impingement 372.

[0057] In any embodiment, a fluid has a "moisture capacity" that determines the maximum
amount of suspended liquid particles that may be dispersed (i.e., as vapor) in the gaseous fluid.
If the vapor suspended in a fluid exceeds the moisture capacity of that fluid, the vapor is
expelled from the gas as a liquid. Generally, the moisture capacity of a fluid correlates to the
temperature of the fluid (i.e., a fluid with less heat has less moisture capacity than a fluid with
more heat). Consequently, to extract (e.g., filter, remove) vapor from a fluid, the fluid may be
cooled (i.e., have heat removed) to reduce the moisture capacity of the fluid and force the
vapor to expel as liquid.

[0058] In any embodiment, cold side 264 of thermoelectric cooler 262 removes heat from
backplate 253 (and flow disrupters 373) of impingement enclosure 252 thereby making
backplate 253. Thus, when the gaseous portion of the fluid contacts the colder surface(s) of
backplate 253, flow disrupters 373, and/or other internal surfaces of impingement enclosure
252, heat is removed from the fluid (i.e., via convection). In turn, the temperature of the fluid
drops, causing the moisture capacity of the fluid to reduce, and forcing the fluid to expel excess
vapor stored therein (e.g., liquid condensing on the internal surfaces of impingement enclosure
252).

[0059] Flow disrupter 373 is a structure used to impede the flow of fluid within impingement
enclosure 252. In any embodiment, flow disrupter 373 may be used to increase the contact

surface area and contact duration between impingement enclosure 252 and the fluid.
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Consequently, further fluid impingement 372 and greater heat transfer (e.g., to cool the fluid)
may be achieved (causing additional removal of aerosols 474). Flow disrupter 373 may be
actively cooled via contact with cold side 264 of thermoelectric cooler 262. In any
embodiment, impingement enclosure 252 may include one or multiple (two or more) flow
disrupters 373.

—FIG. 4 —
[0060] FIG. 4 is a diagram of the flow in a fluid filter showing collection of aerosols.
[0061] Aerosols 474 are solid or liquid particles that are suspended or otherwise dispersed in
a gaseous fluid (e.g., the fluid flowing through impingement enclosure 252). Non-limiting
examples of aerosol(s) 474 include water droplets, dust particles, and/or any other non-gaseous
matter. Aerosols 474 may be separated from the fluid via fluid impingement 372 and/or
cooling of the fluid within impingement enclosure 252.
[0062] In any embodiment, when separated, aerosols 474 may coalesce and gather in
impingement enclosure 252. In any embodiment, impingement enclosure 252 may be oriented
such that when aerosols 474 coalesce on a rear wall of impingement enclosure 252, gravity
will cause aerosols 474 to travel towards a common end of impingement enclosure 252. In
turn, aerosols 474 may be removed from impingement enclosure 252 and fluid filter 250,
generally (e.g., via a coalescing filter (not shown)).

—FIG. 5 —
[0063] FIG. 5 is a diagram of a fluid filter with attached sensors and controller.
[0064] Pump 576 is a machine that may be used to move the fluid through inlet 254,
impingement enclosure 252, and outlet 256. Pump 576 may function by adding kinetic energy
to the fluid in a specified direction and providing sufficient force to the fluid to overcome any
forces counteracting the flow of the fluid (e.g., the fluid's inertia, the friction of the internal
flow paths, static head due to gravity, etc.). In any embodiment, pump 576 may have an
automatic high pressure bypass valve (e.g., spring loaded) (not shown) that allows the fluid
moved out of pump 576 to return to the inlet of pump 576 if the outlet pressure of pump 576
exceeds some maximum threshold. In any embodiment, pump 576 is operatively connected to
controller 584.
[0065] A temperature sensor may be a thermocouple that produces a difference in voltage

(between two conductors) that correlates to the temperature of the junction (joining the two
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conductors). In turn, that voltage difference may be used to calculate the temperature of the
fluid surrounding the junction. One of ordinary skill in the art, provided the benefit of this
detailed description, would appreciate what a temperature sensor is, and that any suitable
temperature sensor may be used for the disclosed purpose.

[0066] Inlet temperature sensor 578 is a temperature sensor used to measure the temperature
of the fluid at inlet 254. In any embodiment, inlet temperature sensor 578 is operatively
connected to controller 584.

[0067] Outlet temperature sensor 580 is a temperature sensor used to measure the
temperature of the fluid at outlet 256. In any embodiment, outlet temperature sensor 580 is
operatively connected to controller 584. The temperature measured by outlet temperature
sensor 580 may be used to indirectly calculate the absolute humidity of the fluid as it flows
out of impingement enclosure 252. As a non-limiting example, it may be assumed that the
fluid is saturated with vapor (i.e., is at 100% relative humidity) when the fluid exits outlet 256
at 2°C. Thus, the absolute humidity may be calculated as (approximately) 5.56 grams per cubic
meter (g/m?).

[0068] Outlet pressure sensor 582 is pressure sensor used to measure the pressure of the fluid
at outlet 256 of impingement enclosure 252. In any embodiment, a pressure sensor may be a
sensor that converts the pressure exerted by the fluid in the pipes, tubes, conduits, and
enclosures of fluid filter 250 into an electrical signal (e.g., a voltage difference). Non-limiting
examples of a pressure sensor include a strain gauge (correlating the force exerted by the fluid
over an area) or a Venturi meter. In any embodiment, outlet pressure sensor 582 is operatively
connected to controller 584.

[0069] In any embodiment, outlet pressure sensor 582 may be installed on or near outlet 256
further downstream than a portion of impingement enclosure 252 which may become
obstructed. That is, as a non-limiting example, if outlet 256 (or impingement enclosure 252,
generally) were to become obstructed (e.g., via frozen fluid), outlet pressure sensor 582 would
be further downstream than the obstructed pathway. Thus, in the event of an obstruction of
fluid flow, outlet pressure sensor 582 would no longer be exposed to the fluid pressures caused
by pump 576. Consequently, during an obstruction of the fluid flow, outlet pressure sensor

582 would experience a lower pressure than if outlet 256 remained unobstructed.
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[0070] Controller 584 is a computing device used to control one or more components of fluid
filter 250 and/or other components attached thereto. In any embodiment, controller 584 may
include one or more processor(s), cache, memory, storage, and/or one or more peripheral
device(s). Any two or more of these components may be operatively connected via a system
bus that provides a means for transferring data between those components. Non-limiting
examples of controller 584 include any whole, part, multiple, or combination of a
programmable logic controller (PLC), a proportional-integral—-derivative (PID) controller, and
an information handling system (e.g., 130).

[0071] In any embodiment, controller 584 may receive data from inlet temperature sensor
578, outlet temperature sensor 580, and/or outlet pressure sensor 582. In turn, controller 584
may process and analyze that data to control a power state of thermoelectric cooler 262 and/or
a power state of pump 576.

[0072] In any embodiment, if left uncontrolled, thermoelectric cooler 262 may drop the
temperature of efflux 260 and aerosols 474 below freezing. In such an instance, outlet 256
may become blocked by the frozen and solid fluid. Accordingly, it may be desirable to keep
the temperature measured by outlet temperature sensor 580 above freezing (e.g., greater than
0°C, 32°F).

[0073] As a non-limiting example, to prevent the fluid and aerosols 474 from freezing and
blocking outlet 256, controller 584 may turn off thermoelectric cooler 262 based on the data
provided by outlet temperature sensor 580 (i.e., controller 584 may send a command to control
the power state of thermoelectric cooler 262). Consider a scenario where controller 584 is a
PID controller. Controller 584 may be configured to keep the temperature measured by outlet
temperature sensor 580 close to a chosen setpoint (e.g., 3°C). The PID controller may then
account for past (integrative), current (proportional), and predicted (derivative) differences in
the setpoint and measured temperatures to control when thermoelectric cooler 262 is on or off.
[0074] In any embodiment, if controlling thermoelectric cooler 262 is not sufficiently
adequate, and outlet 256 becomes obstructed with frozen fluid and/or aerosols 474, damaging
load may be placed on pump 576 (attempting to move the fluid through obstructed outlet 256).
Accordingly, it may be desirable to turn off pump 576 in the event that the flow of the fluid's
path becomes obstructed, as determined using the pressure measured by outlet pressure sensor

582.
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[007S] As a non-limiting example, to prevent pump 576 from continuing to operate when
outlet 256 is obstructed, controller 584 may turn off pump 576 based on the data provided by
outlet pressure sensor 582 (i.e., controller 584 may send a command to control the power state
of pump 576).
[0076] As a non-limiting example, if the pressure measured by outlet pressure sensor 582
exceeds a threshold (i.e., outlet 256 is frozen downstream from outlet pressure sensor 582)
then controller 584 will send a command to pump 576 to power off. As another non-limiting
example, if the pressure measured by outlet pressure sensor 582 falls below a threshold (i.e.,
outlet 256 is frozen upstream from outlet pressure sensor 582) then controller 584 will send a
command to pump 576 to power off.

— Solutions and Improvements —
[0077] The methods and systems described above are an improvement over the current
technology as the methods and systems described herein provide filtering gaseous
hydrocarbons to remove unwanted aerosols. In turn, the filtered hydrocarbon gas allows for
more accurate and precise analysis of the chemical composition of the hydrocarbon gases.
[0078] Conventional methods to separate gases from liquids on a large scale (e.g., using a
degasser) often leave particulate matter (e.g., aerosols, vapor, dust, etc.) dispersed throughout
the gaseous output. Consequently, when attempting to analyze the gaseous matter for chemical
composition, the lingering debris in the gas may (i) reduce accuracy of the results, (i1) damage
the analytical equipment, and/or (iii) preclude the use of more sophisticated and sensitive
analytical equipment.
[0079] Accordingly, as disclosed herein, systems and methods are provided to further filter
a sample of the gas used for analysis. Specifically, the sample gas may be (i) cooled to remove
vapor, and/or (i1) undergo fluid impingement to separate the gaseous matter from denser matter
(solids and liquids). Consequently, the filtered hydrocarbons gas is purer thereby allowing for
the more accurate and precise analysis.

— Statements —

[0080] The systems and methods may comprise any of the various features disclosed herein,
comprising one or more of the following statements.
[0081] Statement 1. A fluid filter, comprising: a thermoelectric cooler, comprising: a cold

side; and a hot side; and an impingement enclosure, comprising: a backplate, disposed against
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the cold side; and an inlet adapted to direct an influx of a fluid to flow towards the backplate
at a perpendicular angle.

[0082] Statement 2. The fluid filter of statement 1, wherein the fluid filter further comprises:
an outlet adapted to direct the fluid to flow away from the backplate at a second perpendicular
angle.

[0083] Statement 3. The fluid filter of statements 1-2, wherein the fluid filter further
comprises: a plurality of flow disrupters.

[0084] Statement 4. The fluid filter of statements 1-3, wherein the impingement enclosure is
adapted to cause a fluid impingement of the fluid based on the perpendicular angle.

[008S] Statement 5. The fluid filter of statement 4, wherein aerosols coalesce on the backplate
due to the fluid impingement.

[0086] Statement 6. The fluid filter of statements 1-5, wherein a fluid temperature of the
influx is greater than a backplate temperature of the backplate.

[0087] Statement 7. The fluid filter of statement 6, wherein the fluid contacting the backplate
causes a decrease in the fluid temperature.

[0088] Statement 8. The fluid filter of statement 7, wherein aerosols are expelled from the
fluid due to the decrease in the fluid temperature.

[0089] Statement 9. The fluid filter of statements 1-8, wherein the fluid filter further
comprises: a controller operatively connected to the thermoelectric cooler; and an outlet
temperature sensor operatively connected to the controller.

[0090] Statement 10. The fluid filter of statement 9, wherein the controller is configured to:
obtain an outlet temperature from the outlet temperature sensor; make a determination about
a power state of the thermoelectric cooler based on the outlet temperature; and send a
command to the thermoelectric cooler to change the power state of the thermoelectric cooler.
[0091] Statement 11. The fluid filter of statements 1-10, wherein the fluid filter further
comprises: a pump adapted to move the fluid through the impingement enclosure; a controller
operatively connected to the pump; and an outlet pressure sensor operatively connected to the
controller.

[0092] Statement 12. The fluid filter of statement 11, wherein the controller is configured to:

obtain an outlet pressure from the outlet pressure sensor; make a determination about a power
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state of the pump based on the outlet pressure; and send a command to the thermoelectric
cooler to change the power state of the pump.
[0093] Statement 13. A fluid filter, comprising: a thermoelectric cooler with a cold side and
a hot side; an impingement enclosure, disposed against the cold side, comprising: an inlet
adapted to direct a fluid to flow towards the cold side at a first perpendicular angle; and an
outlet adapted to direct the fluid to flow away the cold side at a second perpendicular angle;
an outlet temperature sensor disposed at the outlet; and a controller operatively connected to
the thermoelectric cooler, wherein the controller is configured to: obtain an outlet temperature
from the outlet temperature sensor; make a determination about a power state of the
thermoelectric cooler based on the outlet temperature; and send a command to the
thermoelectric cooler to change the power state of the thermoelectric cooler.
[0094] Statement 14. The fluid filter of statement 13, wherein the determination is to power
off the thermoelectric cooler.
[0095] Statement 15. The fluid filter of statement 14, wherein the determination is based on
a calculation that the outlet temperature will soon drop below freezing.
[0096] Statement 16. The fluid filter of statements 13-15, wherein the impingement enclosure
is adapted to cause a fluid impingement of the fluid based on the first perpendicular angle.
[0097] Statement 17. The fluid filter of statement 16, wherein aerosols coalesce in the
impingement enclosure due to the fluid impingement.
[0098] Statement 18. The fluid filter of statements 13-17, wherein a fluid temperature is
greater than an impingement enclosure temperature of the impingement enclosure.
[0099] Statement 19. The fluid filter of statement 18, wherein the fluid contacting the
impingement enclosure causes a decrease in the fluid temperature.
[0100] Statement 20. The fluid filter of statement 19, wherein aerosols are expelled from the
fluid due to the decrease in the fluid temperature.

— General Notes —
[0101] As it is impracticable to disclose every conceivable embodiment of the technology
described herein, the figures, examples, and description provided herein disclose only a limited
number of potential embodiments. A person of ordinary skill in the relevant art would
appreciate that any number of potential variations or modifications may be made to the

explicitly disclosed embodiments, and that such alternative embodiments remain within the
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scope of the broader technology. Accordingly, the scope should be limited only by the attached
claims. Further, the compositions and methods are described in terms of "comprising,"
"containing," or "including" various components or steps, the compositions and methods may
also "consist essentially of" or "consist of" the various components and steps. Moreover, the
indefinite articles "a" or "an," as used in the claims, are defined herein to mean one or more
than one of the elements that it introduces. Certain technical details, known to those of ordinary
skill in the relevant art, may be omitted for brevity and to avoid cluttering the description of
the novel aspects.

[0102] For further brevity, descriptions of similarly named components may be omitted if a
description of that similarly named component exists elsewhere in the application.
Accordingly, any component described with respect to a specific figure may be equivalent to
one or more similarly named components shown or described in any other figure, and each
component incorporates the description of every similarly named component provided in the
application (unless explicitly noted otherwise). A description of any component is to be
interpreted as an optional embodiment—which may be implemented in addition to, in
conjunction with, or in place of an embodiment of a similarly-named component described for
any other figure.

— Lexicographical Notes —

[0103] As used herein, adjective ordinal numbers (e.g., first, second, third, etc.) are used to
distinguish between elements and do not create any ordering of the elements. As an example,
a "first element" is distinct from a "second element", but the "first element" may come after
(or before) the "second element" in an ordering of elements. Accordingly, an order of elements
exists only if ordered terminology is expressly provided (e.g., "before", "between", "after",
etc.) or atype of "order" is expressly provided (e.g., "chronological", "alphabetical", "by size",
etc.). Further, use of ordinal numbers does not preclude the existence of other elements. As an
example, a "table with a first leg and a second leg" is any table with two or more legs (e.g.,

two legs, five legs, thirteen legs, etc.). A maximum quantity of elements exists only if express

"non
2

"non
2

language is used to limit the upper bound (e.g., "two or fewer", "exactly five", "nine to twenty",
etc.). Similarly, singular use of an ordinal number does not imply the existence of another
element. As an example, a "first threshold" may be the only threshold and therefore does not

necessitate the existence of a "second threshold".
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[0104] As used herein, the term "operative connection" (or "operatively connected") means
the direct or indirect connection between devices that allows for the transmission of data. For
example, the phrase 'operatively connected' may refer to a direct connection (e.g., a direct
wired or wireless connection between devices) or an indirect connection (e.g., multiple wired
and/or wireless connections between any number of other devices connecting the operatively
connected devices).

[010S] As used herein, indefinite articles "a" and "an" mean "one or more". That is, the

explicit recitation of "an" element does not preclude the existence of a second element, a third

"non
2

element, etc. Further, definite articles (e.g., "the", "said") mean "any one of" (the "one or more"
elements) when referring to previously introduced element(s). As an example, there may exist
"a processor", where such a recitation does not preclude the existence of any number of other
processors. Further, "the processor receives data, and the processor processes data" means
"any one of the one or more processors receives data" and "any one of the one or more
processors processes data". It is not required that the same processor both (i) receive data and
(i1) process data. Rather, each of the steps ("receive" and "process") may be performed by
different processors.

[0106] As used herein, "machine" means any collection of components assembled to form a
tool, structure, or other apparatus. A collection of components may be grouped together and
referred to as a single 'machine' based on the functionality of the machine enabled by the
combination of the components. As a non-limiting example, a "car engine" is a machine
assembled from the components of an engine block, one or more piston(s), a camshaft, etc.
that, when combined, function to convert chemical energy into mechanical energy. Further, a
machine may be constructed using one or more other machine(s). As a non-limiting example,
an automobile may be an assembly of a car engine, a drivetrain, and a steering system—each
an independent machine—but assembled to form a larger machine, singularly referred to as an

"automobile" which functions to provide transportation.
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CLAIMS

What is claimed is:

1. A fluid filter, comprising:
a thermoelectric cooler, comprising:
a cold side; and
a hot side; and
an impingement enclosure, comprising:
a backplate, disposed against the cold side; and
an inlet adapted to direct an influx of a fluid to flow towards the backplate at a

perpendicular angle.

2. The fluid filter of claim 1, wherein the fluid filter further comprises:
an outlet adapted to direct the fluid to flow away from the backplate at a second

perpendicular angle.

3. The fluid filter of claim 1, wherein the fluid filter further comprises:

a plurality of flow disrupters.

4. The fluid filter of claim 1, wherein the impingement enclosure is adapted to cause a fluid

impingement of the fluid based on the perpendicular angle.

5. The fluid filter of claim 4, wherein aerosols coalesce on the backplate due to the fluid

impingement.

6. The fluid filter of claim 1, wherein a fluid temperature of the influx is greater than a

backplate temperature of the backplate.

7. The fluid filter of claim 6, wherein the fluid contacting the backplate causes a decrease in

the fluid temperature.

8. The fluid filter of claim 7, wherein aerosols are expelled from the fluid due to the decrease

in the fluid temperature.
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9. The fluid filter of claim 1, wherein the fluid filter further comprises:
a controller operatively connected to the thermoelectric cooler; and

an outlet temperature sensor operatively connected to the controller.

10. The fluid filter of claim 9, wherein the controller is configured to:
obtain an outlet temperature from the outlet temperature sensor;
make a determination about a power state of the thermoelectric cooler based on the
outlet temperature; and
send a command to the thermoelectric cooler to change the power state of the

thermoelectric cooler.

11. The fluid filter of claim 1, wherein the fluid filter further comprises:
a pump adapted to move the fluid through the impingement enclosure;
a controller operatively connected to the pump; and

an outlet pressure sensor operatively connected to the controller.

12. The fluid filter of claim 11, wherein the controller is configured to:
obtain an outlet pressure from the outlet pressure sensor;
make a determination about a power state of the pump based on the outlet pressure;
and

send a command to the thermoelectric cooler to change the power state of the pump.
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13. A fluid filter, comprising:
a thermoelectric cooler with a cold side and a hot side;
an impingement enclosure, disposed against the cold side, comprising:
an inlet adapted to direct a fluid to flow towards the cold side at a first
perpendicular angle; and
an outlet adapted to direct the fluid to flow away the cold side at a second
perpendicular angle;
an outlet temperature sensor disposed at the outlet; and
a controller operatively connected to the thermoelectric cooler, wherein the controller
is configured to:
obtain an outlet temperature from the outlet temperature sensor;
make a determination about a power state of the thermoelectric cooler based on
the outlet temperature; and
send a command to the thermoelectric cooler to change the power state of the

thermoelectric cooler.

14. The fluid filter of claim 13, wherein the determination is to power off the thermoelectric

cooler.

15. The fluid filter of claim 14, wherein the determination is based on a calculation that the

outlet temperature will soon drop below freezing.

16. The fluid filter of claim 13, wherein the impingement enclosure is adapted to cause a fluid

impingement of the fluid based on the first perpendicular angle.

17. The fluid filter of claim 16, wherein aerosols coalesce in the impingement enclosure due

to the fluid impingement.

18. The fluid filter of claim 13, wherein a fluid temperature is greater than an impingement

enclosure temperature of the impingement enclosure.

19. The fluid filter of claim 18, wherein the fluid contacting the impingement enclosure causes

a decrease in the fluid temperature.
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20. The fluid filter of claim 19, wherein aerosols are expelled from the fluid due to the decrease

in the fluid temperature.
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