Office de la Propriete Canadian CA 2843799 A1 2013/02/07

Intellectuelle Intellectual Property
du Canada Office (21) 2 843 799
S-FnZL%?QéSQZna " mfgt?yn%yaﬁ; " 12 DEMANDE DE BREVET CANADIEN
CANADIAN PATENT APPLICATION
13) A1
(86) Date de depot PCT/PCT Filing Date: 2012/08/01 (51) CLInt./Int.Cl. GOTM 3/74 (2006.01)

(87) Date publication PCT/PCT Publication Date: 2013/02/07 | (71) Demandeur/Applicant:
(85) Entree phase nationale/National Entry: 2014/01/30 JOHN CRANE INC., US
(86) N° demande PCT/PCT Application No.: US 2012/049196 (72) Inventeurs/inventors:

DELRAHIM, JOE, US;
(87) N publication PCT/PCT Publication No.: 2013/019884 HOSKING, PAUL A., US

(30) Priorité/Priority: 2011/08/03 (US61/514,732) (74) Agent: BORDEN LADNER GERVAIS LLP

(54) Titre : SYSTEME DE SURVEILLANCE ET DE COMMANDE DE GAZ D'ETANCHEITE
54) Title: SEAL GAS MONITORING AND CONTROL SYSTEM

ﬁ INSTRUMENT
N ~ Jn><1+<g:‘—’ AIR SUPPLY

10 \ INTENSIFIER /—\\65
— il XX
R [ I o
' 100 A BTN 100 " PT
50 ' 100 i B \
H/ \-n ( AR W ~HX
t/ \| lf \l | )

7
i
—— ] wem
]
\
\‘\-
1
P
r
4
{
e N
\
\
\
®))
)

%
/
Pa—
O
i |-

L-—F—.—l—_-——-uud—i————"—,

i i
. INTELLIGENT E
. PRE PROGRAMMED |
i :
| I
L -

B > " I ANALYZER
X KNOCKOUT 8
COOILER AUTOMATED | ™77 beemeeee e
OR MANMUAL
AUTOMATED DRAIN :ESTER
OR MANUAL N TROL
IRAT PANEL 140

(57) Abréegée/Abstract:

A monitoring and control system for a seal gas supply system for a non-contacting gas seal. The supply includes several gas
conditioning elements or units. The monitoring and control system Iincludes an evanescent wave sensor to sense the presence of
iguid In the seal gas. Multiple sensors to sense the temperature and pressure of the treated seal gas are disposed at the outlet of
the conditioning elements. A programmable logic device Is provided with information regarding the phase of the gas at various

pressures and temperatures and compares the sensed data to the baseline data. Recognition of liquid concentrate results in an
output signal.

SRR VNEEEN
R 5. sas ALy
O
A

» . _
‘ l an a dH http:/opic.ge.ca + Ottawa/Gatineau K1A 0C9 - hmp./cipo.ge.ca o p1C
OPIC - CIPO 191




WO 2013/019884 A2 |[H] ]! HAI UAFH 000 W OO R A

(43) International Publication Date

CA 02843799 2014-01-30

Organization
International Bureau

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)
(19) World Intellectual Property

(10) International Publication Number

WO 2013/0193884 A2

7 February 2013 (07.02.2013) WIPO | PCT
(51) International Patent Classification: (81) Designated States (unless otherwise indicated, for every
GOIM 3/14 (2006.01) kind of national protection available). AE, AG, AL, AM,
1) Tnt tional Aoolication Number- AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
(21) International Application Number: DCTIUSY012/040 106 BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
(22) International Filing Date: HN, HR, HU, ID, IL, IN, IS5, JP, KE, KG, KM, KN, KP,
| August 2012 (01.08.2012) KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
N . ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
(25) Filing Language: English NO, NZ, OM, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW,
(26) Publication Language: English SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
(30) Priority Data: ZW.
61/514,732 3 August 2011 (03.08.2011) US
(84) Designated States (unless otherwise indicated, for every
(71) Applicant (for all designated States except US): JOHN kind of regional protection available). ARIPO (BW, GH,
CRANE INC. [US/US]J; 6400 W. Oakton Street, Morton GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
Grove, Illinois 60053 (US). UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK
(72) Inventors; and i P T T T e T
(75) Inventors/Applicants (for US only): DELRAHIM, Joe EE, B, ¥, IR, OB, GR, HR, 1U, 1, 15, 11, L1, LU, LY,
. . oy MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
[US/US]J; 359 Kildeer Ln., Deerfield, Illinois 60015 (US). TR). OAPI (BE. BJ CF. CG. CL CM. GA_ GN. GO. GW
HOSKINIG, Paul, A. [GB/US]; 21877 Andover Rd., ML),MR N](E S,N "fD "fG) > T » GA, ON, GQ, ’
Kildeer, Illinois 60047 (US). ’ T T '
(74) Agents: JAMBOR, Robert, V. et al: Leydig, Voit & | uPhshed:

Mayer, Ltd., Two Prudential Plaza, Suite 4900, 180 N.
Stetson Avenue, Chicago, Illinois 60601-6731 (US).

(534) Title: SEAL GAS MONITORING AND CONTROL SYSTEM

without international search report and to be republished
upon receipt of that report (Rule 48.2(g))

. ﬁ INSTRUMENT
T WZ:‘— AIR SUPPLY
10 \ INTENSIFIER | |~ 56
4 Pt e e B Y X
[T T T T T I ittty e |t it Bttty 70
’ | o — Ll 4400
5 o0 100 5 .: PT1 ™, —~100 PTI[ > | 5 |
60 i \ y N 3 o b 4 ."r )
! ; T~ ™ ap I
Ve LN e ] AR O——+H
/ PTI % 7 PTI \ \ :
\ 1 ;/I A 2 J A""_T I I 14
~r 63 i 125 1
4 O UL [t
12 | j 57 64 | | INTELLIGENT E
& 62 L N \  PRE PROGRAMMED |
-4 1 ANALYZER |
i PO S .s
COOLER OR MANUAL HEATER
AUTOMATED DRAIN
OR MANUAL AND
DRAIN ggl\i\lgfm '
140

(57) Abstract: A monitoring and control system for a seal gas supply system for a non-contacting gas seal. The supply includes sev-
eral gas conditioning elements or units. The monitoring and control system mcludes an evanescent wave sensor to sense the presence
of liquid 1n the seal gas. Multiple sensors to sense the temperature and pressure of the treated seal gas are disposed at the outlet of

the conditioning elements. A prog;

ammable logic device 1s provided with information regarding the phase of the gas at various pres -

sures and temperatures and compares the sensed data to the baseline data. Recognition of liquid concentrate results i an output sig -
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SEAL GAS MONITORING AND CONTROL SYSTEM

Cross Reference to Related Applications

[0001] This application claims priority pursuant to Title 35 U.S.C. §19(e) to U.S. Provisional
Apphication Serial No. 61/514,732, filed August 3, 2011 and entitled “Seal Gas Monitoring and

Control System”, the entire specification and drawings of which are incorporated herein by

reference as if fully set forth herein.

Background

[0002] Thas disclosure relates to gas conditioning systems for non-contacting gas seals.

More particularly, it relates to a system for monitoring and control of seal buffer gas.

[0003] Non-contacting seals for gas compressors and other rotating equipment such as gas
and steam turbines, turbo expanders, centrifugal pumps and the like, operate on a thin film of
conditioned process gas; pre-treated to render it suitable for delivery to, and passage through, the

seal mechanism. Commonly, the source of this seal gas, sometimes called buffer gas, is the

machine discharge.

[0004] The principle of dry gas seal technology is that the sealing faces are non-contacting
and a clean and dry gas 1s allowed to pass through the seal interface. It flows from the high
pressure side of the seal to the low pressure seal and is routed to a flare line through the primary
vent outlet module which comprises monitoring instruments and a safety trip to shut down the
compressor 1n the event of high seal leakage. Typically abnormal seal gas leakage has

represented the sole measure of seal performance.

[0005] Scal gas, that 1s the gas upon which the non-contacting seal operates, is process gas
usually from the discharge line of the compressor unit, piped to the control system supply line.
The control system then regulates and filters the buffer gas flow before it is injected to the

primary seal chamber. The pressure and leakage flow rate are monitored and recorded to ensure

that the seals function properly.
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[0006] A known cause of seal failure is a lack of clean and dry seal or buffer gas being
supplied to the compressor. Critical to gas seal longevity, seal gas must be free of liquid vapor
or condensate. Liquid contamination has been found to be a leading cause of the failures.
Particular applications prone to liquid contamination were mostly found on offshore platforms,
Hydrogen Recycle, Gas Gathering, Ammonia, HP pipelines and similar seal applications. Initial

gas composition information is often unreliable, and changes with time, resulting in failures due

to liquid condensation.

[0007] Attention to rehability and damage prevention 1s particularly critical because of the
requirements of high-pressure compressors used in exploration, such as gas reinjection and the

complexity of gas compositions involved. Unexpected seal failures cause operational loss and

delay 1n start-up.

[0008] Also, 1nitial system selection often sabotages optimal reliability. Compressor

manutacturers often do not review the make-up of the process fluid, including gas composition,
operating pressure and temperature, liquid and contaminate level in the process gas, and the
auxiliary butfer gas requirement. Additionally, current systems do not offer an advanced
warning or initiate corrective action to prevent exposure to free liquid or condensate, which it is
considered to be a major root cause of failures. The current method of seal health evaluation

based on leakage volume is insufficient. And, failures are costly because of the delay in plant

start-up and loss ot production.

[0009] AS compressor operating requirements push past current limits, there is a clear need

for innovative and intelligent approaches to support the emerging compressor markets.

[0010] One way to 1improve the reliability of these new designs is to integrate such seals with

1maginative control system technology. Achieving optimum reliability is assured by providing

appropriate control system technology to ensure that clean and dry buffer gas is always available

to the non-contacting faces of the seal.
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[0011] Prior etforts to monitor seal gas have focused on recognition of conditions within the
seal chamber containing the non-contacting seal devices. One example is disclosed in United

States Application for Patent No. 12/469,045 filed May 20, 2009 (Publication US2009/0290971)

the entire specification and drawings of which are hereby incorporated by reference herein as if

fully set forth.

Summary of the Disclosure
{0012] The system of this disclosure is intended to eliminate the liquid condensate from the
seal environment, thereby avoiding the leading cause of seal failures. It may also provide a

warning or correction to ensure that liquid fluid does not reach the seal chambers.

[0013] In this regard, the system is arranged to detect liquid contaminant in the seal gas
supply conduit prior to reaching the seal chamber. It comprises monitoring and control system
for a seal gas supply system for a non-contacting gas seal that is responsive to liquid, vapor or

condensate, in the seal gas supply flow. The supply system includes a supply conduit connecting

several gas conditioning elements. The monitoring and control system includes an evanescent
wave sensor 1n the conduit to sense the presence of liquid in the seal gas. Additionally, multiple
sensors to sense the temperature and pressure of the treated seal gas are disposed along the
conduit at the outlet of the conditioning elements. A programmable logic device communicates
with the sensors and is responsive to recognition of liquid in the conduit. It is provided with
stored intormation regarding the phase of the gas at various pressures and temperatures and

makes a comparison to the sensed data. Recognition of a liquid phase results in an output signal,

or action.

Description of the Drawings

[0014] Fig. 1 1s a schematic of a typical gas conditioning system for pre-treatment of a non-

contacting seal buffer seal gas supply.

[0015] Fig. 2 1s a schematic of the seal gas monitoring and control system of the present

disclosure.
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10016] Fig. 3 1s a phase diagram for a typical gas compressor process gas.

Detailed Description

[0017] Commonly, seal gas conditioning consists of three functions — filtration, pressure or

flow regulation, and leakage monitoring,

[0018] Filtration: In early designs, filtration consisted of simple duplex filters — one active
ﬁlter and another on standby. A simple valve would reposition each filter to facilitate the filter
element replacement. A supply gas line from the discharge side of the cbmpressor then fed the
warm discharge gas to the filter. The coalescent or particulate type gas filters used in this

application are not always effective to completely purge liquid and condensate from the seal gas

stream.

[0019] Pressure or Flow Regulation: The warm gas from the filter is pushed across a
pressure regulator or tlow control valves to supply clean buffer gas to the seal environment. The
butter gas pressure is normally lower than the discharge pressure, and must be higher that the
compressor’s suction pressure. By reducing the buffer gas pressure across the regulator valve,
the gas expands and cools down, and has a tendency to drop liquid, depending upon its
composition. Subsequently, this pressure-reducing device, used to reduce the gas pressure from

the discharge side of the unit, may function as a source for injecting saturated buffer gas to the

sealing port.

10020] Leakage Monitoring: The outboard and inboard seal leakage rates are measured as a
way to establish the seal’s condition and performance. Normally, a leakage flow rate at or above
a set primary seal leakage rate indicates primary seal malfunction. A primary seal leakage flow

rate below a set point indicates excessive secondary seal leakage.

[0021] This basic type of dry gas seal seal gas conditioning system works fine if the process
fluid 15 clean and free of any liquid condensate in all operating conditions. One consideration
often overlooked is the make-up of the intended process fluid, including gas composition,

operating pressure and temperature, liquid and contaminant level in the process, and the auxiliary



CA 02843799 2014-01-30
WO 2013/019884 PCT/US2012/049196

buffer gas requirement. Additionally, the typical dry gas seal seal gas supply system does not
offer an advanced warning or initiate corrective action to prevent dry gas seal exposure to free

liquid or condensate.

[0022] Generaily, gas composition supplied at the compressor’s suction side remains
unchanged unless there 1s 2 major plant process upset during operation when plant equipment,
such as scrubbers or coolers, malfunctions. The conditions of the buffer gas supplied to the dry
gas system from unit discharge or auxiliary gas change, however, because of fluctuating fluid
pressure or temperature throughout the gas stream before buffer gas is injected to the dry gas seal
chamber of each seal. This change may be the result of gas expansion across the regulator

valves, restriction across the filter elements or environmental conditions.

[0023] A conditioning system for gas compressor seals is disclosed in U.S. Patent

No. 6,715,985 1ssued Apnl 6, 2004, entitled “Gas Conditioning System.” It is illustrative of a

successiul arrangement for pre-treatment of seal buffer gas prior to delivery to the seal chamber

for passage through the operating non-contacting seals.

[0024] Referring to Fig. 1, there is illustrated a gas conditioning system as described in
United States Patent 6,715,985 for seal gas delivered to a non-contacting gas seal. The system
generally designated 10, including individual components discussed below, may be unitized as a
single package on a movable skid. It may be positioned in association with an existing rotary
device equipped with one or more gas lubricated non-contacting seals, or it may be part of an

installation of new equipment where gas lubricated, non-contacting seals are to be used.

[0025] Connection of the system 10 to the equipment in which the seals are used may occur
through suitable ports in a gas control panel shown schematically. Such control panels are
typically located adjacent the rotary equipment being sealed and contain valves and gauges that
reflect seal operation. It is contemplated that the system may be incorporated with a gas panel as

a single unmtized module.
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[0026] As seen 1 Fig. 1, the system 10 includes a connection or inlet 12 to piping defining a
conduit 15 to deliver the received process gas through the conditioning elements and to the seal
chambers defined by the compressor housing. The inlet is connected to a source of gas for
supply to the seal chamber or chamber in which there is disposed a gas lubricated, non-
contacting gas seal. As is known in the art, this source may typically be the discharge end of a

gas compressor 1t which the seals are employed.

[0027] The system 10 includes a connection or outlet 14 to piping adapted to be placed in
communication with a seal chamber within the device. Such connection may communicate with

one or more seal chambers depending on the number of seals employed in the device.

[0028] The major conditioning elements of the system of the present invention are elements
to remove solid and liquid particulate matter and aerosols from the gas, and to heat or amplify
pressure of the gas when necessary. There is illustrated a knock-out filter/coalescer vessel 16, a
pressure vessel 18, a gas heating element 22 and a pressure amplifier 20. These components are
connected 1n fluid communication by piping or conduit, generally designated 15, that defines a

flow path between the gas supply connection 12 and the connection 14 to the seal chamber.

[0029] The knock-out filter-coalescer vessel 16 is a device that removes particulate matter
and hiquid droplets from the gas flowing through the system. It includes a baffle plate designated
to remove solid particulate and free liquid contained in the seal gas. This separated

contamination setties at the bottom of the vessel 16 and is removable, either manually, or by an

automated arrangement.

[0030] The seal gas is then further conditioned by purging it of entrapped liquid aerosols by
the coalescing action of a filter element. The knock-out plate and coalescing filter are known
devices. Also, a centrifuge-type device could be employed in place of the knock-out plate. In

such an arrangement, two separate vessels, one for the centrifuge, the other for the filter element,

would make up the conditioning element 16.
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[0031] The pressure vessel 18 is a tank capable of maintaining gas under system pressure.

[ts volume 1s determined by the expected requirements of the seal in the seal chamber and

labyrinth leakage rate. A suitable size is calculated for the particular application involved.
[0032] The heating element 22 is disposed within pressure vessel 18.

[0033] The compression cylinder of the gas pressure amplifier or intensifier 20 is in
communication with the line 15(b) as part of the flow path to pressure vessel 18. The piston in

the compression cylinder pressurizes the seal gas in the system for delivery to the pressure vessel

18.

[0034] The above described system provides a liquid knockout before filtration, and
insulation and heat to avoid liquid condensate formation in the buffer gas. Although this
approach helps to reduce the liquid condensate, it may not be effective for emerging applications,
such as uitra-high-pressure reinjection compressors, that employ heavy hydrocarbon as part of
their gas compositions, and in applications where the only source of buffer gas is from the high-
temperature discharge side of the compressor. In certain applications, for example, gas

reinjection compressors utilized in oil recovery, this discharge pressure could be as high as

10,000 pounds per square inch (psi).

[0035] The system described above may be suitable for the majority of applications.
However, failures may still occur because of a lack of available clean and dry buffer gas. This
1S a major 1ssue for current dry gas seal control systems and there is no warning in advance of

any changes 1n conditions that could result in forming or exposing the dry gas seal to liquid.

[0036] Additionally, the gas analysis provided to the manufacturer to determine the dew
point suttability of butfer gas and need for bufter gas conditioning is based on a limited gas
analysis, typically up to Octane (C8) or less. The gas analysis of up to C12 may be required for
manufacturer to be able to size the proper system to achieve a more suitable buffer gas and avoid

ligmd drop out across the sealing faces.
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[0037] With the goal of improving dry gas seal reliability further, a new approach to buffer
gas conditioning is disclosed here. It is suitable for all applications, but particularly suitable for
applications, such as wet gas, or any projects where liquid or condensate may form because of
operating environment changes. The arrangement of the present disclosure will also recognize
maifunction ot a gas conditioning element of the system and provide a suitable signal, alert, or

automatic response,

[0038] The monitoring and control system of the present disclosure is expected to be
suitable for application to a gas compressor capable of gas discharge pressures of up to 10,000
psi or higher. The disclosed system, as seen in Fig. 2, commences at a pressure regulator 60
interposed between the source of process gas 12 and the gas conditioning system 10. Gas from

the conditioning system 10 1s delivered to the scal chambers of an associated device such as a

gas compressor through conditioned gas outlet 14.

[0039] As compressor operating requirements push past current limits, there is a clear need
for innovative and intelligent approaches to support the emerging compressor markets. This
approach’s main goals are to eliminate the liquid condensate, which is the leading cause of seal

tailures from the butfer gas stream, and also provide a wamning or correction to ensure that liquid

fluid does not reach the sealing chambers.

[0040] The monitoring and control system of the present disclosure is described below. Itis
lilustrated in relation to a typical, though not exclusive, seal gas conditioning system. In general
terms, and with reference to Fig. 2, the monitoring and confrol system includes one or more of

the elements described below.

[0041] Pressure Regulator: Referring to Fig. 2, a pressure regulator 6{) is installed at the
source 12 of process gas for supply to the seal chamber. The regulator is at the inlet connection
12 for the conditioning system piping or conduit 15. It receives process gas from the associated
compressor tor delivery through the system to the gas seal chambers. It reduces the supplied
warm butfer gas pressure, which results from discharge or auxiliary gas, to a manageable and

- recommended sealing pressure for use in the gas seals. This is particularly critical in high- or
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ultra-high-pressure applications where there is a large disparity between the compressor’s
suction and discharge pressures. Based on gas mixture compositions, liquid condensate may
form when there are changes in gas pressure and temperature. Another benefit of reducing the
supplied pressure at the upstream of the system is that in ultra-high-pressure applications, the

control system components do not need to be rated by the compressor’s discharge pressure.

0042] " Gas Fluid Cooler: A cooler 62 is located after the pressure regulator 60 and before

the knockout device 63 to maximize the knockout efficiency.

[0043] A knockout filter 63, similar to the knockout filter 16 is installed downstream of the

cooler 62. It functions as described above with reference to knockout filter 16.

[0044] Optional Heater: A heater 64 is added for applications whose local environments
require the butfer gas temperature to be elevated to avoid liguid formation in the buffer stream.

It 1s the equivalent to heating element 22 of Fig. 1.

[0045] Optional Gas Booster: A gas booster or intensifier 66 may be added for applications

where buffer gas may be necessary for start-up. It is the equivalent to pressure intensifier 20 of

Fig. 1.

[0046] Liquid Sensor: In accordance with the present disclosure, a liquid sensor 70 is
installed adjacent the conditioning system outlet 14 to monitor the performance of the
conditioning components. As in Fig. 1, the outlet 14 leads to the seal chambers of the

compressor for delivery of clean and dry seal gas upon which the non-contacting seals function.

[0047] A liquid sensor 70 is installed at the system outlet 14 which is piped into the
compressor buffer supply port. The sensor 70 will monitor the buffers gas condition for any sign
of liquid condensate and communicate to an mntelligent pre-programmed analyzer (programmable
logic controller 130, Fig. 2) to indicate that the buffer gas contains liquid flmud. The
programmable logic controller may initiate an output signal 140 on recognition of liquid by the

SCIISOT.
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[0048] The sensor 70 1s a custom designed spectral analyzer connected to the system
programmable logic controller (computer) 130 via a communication connection illustrated
schematicailly at 80. It effectively monitors the liquid content in the target fluids. The result is a
robust sensing technology with a highly variable form factor which can operate at very high

temperatures and pressures.

[0049] The sensing head is an optical evanescent wave sensor and can detect the presence of
liquid in the gaseous flow based on properties of a light beam emitted and received by the sensor.
The electronics are UL Class 1 Div 1 approved. The sensing head 70 can be located remotely
from the electronics (programmable logic controller 130} via non-conducting fiber optic cable 80
and thus be placed in a complietely non-electrified environment, thus enhancing the safety of the

device.

[0050] On recognition of the presence of liquid in the conditioned seal gas conduit 15 by the
optical sensor 20, several alternative responses are contemplated. In one configuration, the
programmable logic controller 130 could merely provide an audible or visual signal to alert an
operator. Alternatively, the response would include initiation of a detection sequence intended to
1solate the cause of the liquid presence. Such sequence would proceed employing pressure and
temperature sensors 100 deployed along the conditioning path 15 as described in detail below.
Any alternative combinétion of the monitoring devices, samplings, determinations and responses

by the monitoring and control system disclosed herein is contemplated by this disclosure.

[0051] Pressure and Temperature Transmitters: In the arrangement iltustrated in Fig. 2, in
addition to sensor 70, pressure and temperature transmitters or sensors 100 are installed at the
outlet of the treatment components, such as the pressure regulator 60, cooler 62, knockout filter
63, heater 64, and intensifier 66. These transmitters or sensors 10 are also connected by a
communication path 125 to the programmable logic device 130, and provide input data for

determination of the condition of the seal gas in conduit 15 as will be explained.

10
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[0052] In accordance with the monitoring and control system of the present disclosure, a
number of pressure and temperature sensing transmitters 100 (identified by symbol PTI) are
positioned along the flow path of the seal gas treatment arrangement. Such devices are

commercially available from Honeywell Corporation and other known sources.

[0053] As seen 1n Fig. 2, a PTI device 100 is positioned downstream of each of the described
treatment or conditioning devices including the pressure regulator 60, the cooler 62, the
knockout filter 63, and the heater or temperature control device 64. The PTI devices are in
communication with programmable logic device 130 (computer central processing unit (CPU))
along a communication path 125. They provide signals of the pressure and temperature of the
scal gas at the various locations along the flow path of the seal gas being conditioned prior to

delivery to the seal gas chambers of the non-contacting seals of the associated compressor.

[0054] The sensed data, gas pressure and temperature is useful to recognize the phase
condition of the fluid being treated in the seal gas system. Fig. 3 is a gas phase diagram which is
1llustrative of the phase of a known gas. The programmable logic controller 130 includes
machine readable medium or memory which is provided with stored data indicative of the phase
of the seal gas at various pressures and temperatures for the composition of the particular gas
being processed by the associated compressor. Such stored data is inputted into the machine

memory for use by the logic controller to determine the phase of the seal gas fluid flowing at the

various locations of the P T sensors.

[0055] In a given gas compressor application the entity operating the equipment is usually
cogmzant of the make-up of the process fluid. The transmitted product, while 100% gas could,
for example, be 80% methane, 15% hydrocarbon, and 5% heavy hydrocarbon. With knowledge

of the gas composition, a phase diagram such as illustrated in Fig. 4 can be developed indicative

of the phase of the fluid at various pressures and temperatures. For example, with reference to

Figs. 3, the fluid is in a gaseous phase at pressures and temperatures above the dome and in a

liquid phase at pressures and temperatures within the dome.

11
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[0056] Pre-programmed System Control Box: All signals from the liquid sensor 70 and
pressure and temperature transmitters 100 are connected to the programmable logic device 130
(computer or central processing unit (CPU) control box). The CPU identifies the seal gas fluid
pressure and temperature at each location of a PT1 sensor 100. The logic device makes a
comparison to the stored data, for example the phase diagram information illustrated in Fig. 3 for
a known gas representative of the process gas. In that way, the logic device determines the
presence of liquid concentrate at a given PTI sensor device 100. If liquid is detected the specific
signal point, a command is sent by the computer to alert the operator to remedy the condition or

take action automatically to avoid dry gas seal exposure to the liquid, which is the leading cause

of dry gas seal failures.

[0057] The sensed conditions at the pressure-temperature sensing devices PTI(1), PTI(2),
PTI(3), PTI(4) 1s compared to the phase diagram plotted as shown in Fig. 3. The programmable
logic controller thus recognizes the status of the gas within the system at each position of the
sensors and 1s programmed to provide an output signal (140). It will recognize a change,
including a malfunction of the associated conditioning element; such as the pressure regulator
60, cooler 62, knockout filter 63, heater 64, and intensifier 66. Any disparity between the actual
reading and preset gas composition data would be indication of component malfunction or

deficiency. This would allow the operator to take appropriate action before the faces are

reparably exposed to liquid fluids.

[0058] The output signal from the programmable logic device 130 may be delivered for
control purposes in any number of alternative responses. It could provide an alert, sound an
alarm, or provide a printed record. In a more comprehensive system, it could cause an automatic
response. Such a response could include adjustment of the functioning parameters of one, or
more, of the conditioning elements of the system or in case of a need for immediate response,

shut down the compressor.

[0059] The pro g?anmable logic device may also be programmed to make the analysis of the

composition of seal gas in the system and recognize deviation from the baseline data. It can then
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provide an output signal based on such deviation. An example would be in a plant process upset

situation.

[0060] The seal gas monitoring and control system of the present disclosure is intrinsically
sate and provides an advanced warning if any liquid is detected in the seal gas conditioning
system. A gas conditioning system includes an optic liquid recognition sensor to sense the
presence of liquid vapor or condensate within the seal gas supply to an associated non-contacting

gas seal. It is arranged with an intelligent control box to initiate an output signal.

[0061] In a conditioning system with one or more conditioning devices, the monitoring

system may further include pressure and temperature sensing at the output of each such device.
Sensed data 1s compared to the phase diagram of the known seal gas compatibility to determine
whether and when liquid is present. As a result an operator can run a diagnostic check in order

to find out the reason for the presence of liquid and initiate an action item before the seal faces

are exposed and adversely atfected.

[0062] The monitoring and control system further includes pressure and temperature sensors
downstream of each conditioning unit or element to provide data to the central box on the
condition of the seal gas flowing from the associated unit. Through comparison of the received
data to stored data on the properties of the gas at various pressures and temperatures, it
determines the location of the liquid concentrate. It provides an output signal to initiate

appropriate remedial action.

[0063] In a configuration contemplated and illustrated by the disclosure and Fig. 2, sensing
of liquid at sensor 70 starts a detection sequence involving the PTI sensor 100 downstream of
each conditioming unit. The sensed PTI data is received by the computer and compared to the
pressure and temperature data stored in the machine readable medium indicative of the phase of
the known gas composition at various pressures and temperatures. Thus, the need for adjustment
of one or more of the conditioning units, possible process gas upset, or other anomaly, may be

1solated as the cause of the liquid phase and an appropriate response taken.
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[0064] In another particular application, it is contemplated that the seal gas system could
include conduit 15 with multiple conditioning elements such as pressure regulator 60, cooler 62,
filter 63, etc., with pressure and temperature sensors 100 at the outlet of each such element, but
without the sensor 70 in the conduit. In this instance, the programmable logic controller would
recognize, and respond only to temperature and pressure data from the sensors 100 and

comparison to the stored data of a phase diagram (Fig. 3) for the known process gas.

[0065] Vanations and modifications of the foregoing are within the scope of the present
invention. It 1s understood that the invention disclosed and defined herein extends to all
alternative combinations of two or more of the individual features mentioned or evident from the
text and/or drawings. All of these different combinations constitute various alternative aspects of
the present invention. The embodiments described herein explain the best modes known for
practicing the mvention and will enable others skilled in the art to utilize the invention. The

claims are to be construed to include alternative embodiments to the extent permitted by the prior

art.
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Claims:

. A monitoring systemn for a seal gas supply system for a non-contacting gas seal
arrangement having a conduit with an inlet to receive seal gas and an outlet to supply seal gas to

a seal chamber for the non-contacting seal;

a liquid sensor in said conduit to sense the presence of liquid within said conduit;

said liquid sensor comprising an optical device.

2. A monitoring system as claimed in claim 1 wherein said optical device is an

evanescent wave device.

3. A monitoring system as claimed in claim 2 wherein said optical device is

connected to an output device responsive to recognition of a liquid present in the conduit to

provide an output signal.

4, A monitoring system as claimed in claim 3 wherein said output device comprises

a programmable logic controller.

5. A monitoring system as claimed in claim 4 wherein said programmable logic
controller includes a machine readable medium provided with stored data indicative of the phase

of the seal gas at various pressures and temperatures.

0. A monitoring system as claimed in claim 5 wheretin said system includes at least
one gas conditioning element between said iniet and outlet of said conduit, a pressure and
temperature sensor disposed downstream of said at least one gas conditioning element, said
pressure and temperature sensor connected to said programmable logic controller to provide data
ont the pressure and temperature of the seal gas in the conduit at said sensor,

said programmable logic controller determining the phase of the gas downstream of said

at least one conditioning unit and providing an output signal on recognition of the presence of

hgud.

15



CA 02843799 2014-01-30
WO 2013/019884 PCT/US2012/049196

7. A monitoring system as claimed in claim 6 wherein said programmable logic
controller compares the data from said pressure and temperature sensor with said stored data to

determine the condition of said seal gas at said pressure and temperature sensot.

8. A monitoring system for a seal gas supply as claimed in claim 6 wherein said gas
supply system includes multiple gas conditioning elements along said conduit,

said system further comprising a pressure and temperature sensor downstream of each
said gas conditioning element, each said pressure and temperature sensor connected to said
programmable logic controller to provide data to said programmable logic controller on the

pressure and temperature ot the seal gas in said conduit at each said sensor

said programmable logic controller determining the phase of the gas downstream of each

sa1d conditioning umt and providing an output signal on recognition of the presence of liquid.

9. A monitoring system as claimed in claim 8 wherein said programmable logic
controller compares the data from said pressure and temperature sensors with said stored data to

determine the condition of said seal gas at said pressure and temperature sensors.

10. A momtoring and control system for a non-contacting seal buffer gas supply

wherein said gas supply comprises:
a conduit having an inlet from a source of gas;
an outlet to a chamber for a non-contacting seal;

at least one conditioning element between said inlet and said outlet of said
conduit;
said system comprising:
a pressure and temperature sensing device associated with said at least one
conditioning apparatus;
a programmable logic controller receiving a signal from said pressure and

temperature sensing device;

a source of stored data indicative of the pressure and temperature of the gas at liquid and

gaseous state connected to said programmable logic controller;
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said programmable logic controller comparing said sensed data with said stored data to

determine the condition of the gas at said sensor;

said programmable logic controller sending an output signal in response to recognition of

a liquid phase.

11. A monitoring and control systemn for a seal gas supply as claimed in claim 10
wherein said gas supply system includes multiple gas conditioning elements along said conduit,

said system further comprising a pressure and temperature sensor downstream of each
said gas conditioning element, each said pressure and temperature sensor connected to said
programmable logic controller to provide data to said programmable logic controller on the
pressure and temperature of the seal gas in said conduit at each said sensor

said programmable logic controller determining the phase of the gas downstream of each

sald conditioning unit and providing an output signal on recognition of the presence of a liquid

phase.

12. A method of monitoring a system for supply of seal gas to a non-contacting gas
seal comprising:

a conduit having inlet from a source of gas;

an outlet to a chamber for a non-contacting seal;

at least one conditioning element along said conduait;
the steps comprising:

providing an evanescent wave sensor in said conduit to sense the presence of

liquid within said conduit connected to an output device responsive to recognition of a

liquid present in the conduit to provide an output signal,

sensing the condition of said seal gas in said conduit,

sending an output signal on recognition of liquid present in the conduit at said

SCIISOT.

13. A method of monitoring as clatmed in claim 12 wherein said system further
includes a pressure and temperature sensor disposed downstream of said at least one gas

conditioning element, connected to said programmable logic controller to provide input data on
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the pressure and temperature of the seal gas in the conduit at said sensor and wherein said
programmable logic controller includes a machine readable medium containing stored data
indicative of the pressure and temperature of the gas at liquid and gaseous state:

the steps further comprising sensing the pressure and temperature of the seal gas at said
pressure and temperature sensor downstream of said at ieast one conditioning element;

comparing the sensed pressure and temperature to the data stored in said machine

readable medium to recognize the presence of liquid.

14. A method of monitoring as claimed in claim 13 wherein said gas supply system
includes multiple gas conditioning elements along said conduit;

said system further comprising a pressure and temperature sensor downstream of each
said gas conditioning element, each said pressure and temperature sensor connected to said
programmable logic controller to provide input data to said programmable logic controller on the
pressure and temperature of the seal gas in said conduit at each said sensor, the steps further
comprising:

- sending an output signal on recognition of a liquid in the seal gas at any one of said

pressure and temperature sensors.
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