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METHOD AND SYSTEM FOR BLENDING GAS STREAMS

Technical Field
The present invention generally relates to a “method

and system for blendlng gas streams for use in 1ndustr1al

cutting and weldlng applications.

Background
Laser cutting, e.g. of metal plate, is ,usually
performed with the aid of a jet of gas directed on to the
cutting area. The type of gas used depends on the

workpiece material, and is selected so as to prevent

‘undesired chemical reactions affecting the cutting

.surfaces.

Oxygen is excellent for cuttlng or weldlng ferrous
materials, such as. ferrous alloys due  to the exothermic
reaction. produced at hlgh temperatures of over 720°C.

Acetylene gas is also used in conjunction with oxygen for

cutting or welding steel. Combustion of acetylene with

oxygen produces a flame of over 3600K. The initial
combustion of the asetylene gas heats ethe steel to 'a
molten state and the addition of a pressurized stream of
oxygen cuts the Steel by burning through it.

However, the pro?erties of acetylene confer many
disadvantaées von its use. Acetylene gas . is highly
flammable and is prone to explosion when pressurized.
Thus, the handling of ‘acetylene can be very inconvenient,

leading to hlgh transportation and production costs.

‘Acetylene also ~has an unpleasant odor and the energy

consumption during cutting or welding is high.

Compressed natural gas (CNG) has been used as a.
substitute for acetylene in cutting applications. CNG is
more environmentallyxfriendly and is safer to handle. CNG

also provides cleaner cuts ‘than acetylene. However, the
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flame temperature of CNG is relatively low, resulting in

slower cﬁtting or welding speeds and the need for»higher

amounts of gas.

CNG -is thus mixed with other'gaséS'to'inéreasé the

burning température.

differ over time,

However, gas

thereby

pressures _typically>

regquiring

" the

need for

a

monitoring system. Furthermore, many instruments, such as

pressure ' transmitters, are relied upon to monitor and

control the flows of the gases'during'mixing.4HoWéVer, the‘ 

to a higher risk of failure.

typically

controlled

cost of production.

by ' complicated

and

. use of a large number of instruments inevitably gives rise
The - instruments are also
high-cost

- programmable logic contrqllers, thereby increasing the

There is therefore a need to provide a method and

system for mixing 'gases . that overcome, or at least

ameliorate, one or more of the disadvantages described

above.

-~

Summary

In a first aspect, there is provided a method of

- blending gas streams t@ produce blended gas, the method

comprising the steps of:

via a pressure regulator;

providing a natural gas stream

providing a dosing gas via a

dosing gas stream; controlling the differential pressure

across the pressure regulator'to target a constant flow

rate of said natural gas in said natural gas stream;

setting a target flow rate of the dosing gas stream

"relative to the natural gas stream; blending the mnatural

gas stream with the dosing gas stream to produce the

. blended gas.

Advantageously,

regulator

enables

| difierential pressure

the

the
across

flow

step
the

rate

of
natural gas

of

controlling  the
pressure
the natural gas
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downstream  of the pressure regulator to be substahtially
‘constant. ~Since the lew rate ‘of the -natural gas
dOwnstream of  the pressure reguiator is .targeted. to be
constant;”there may-not be a ﬁeed fqr controllingithe flow
of the natural " gas, . e.g.’ by ‘sontrel ‘ loops or
instrumentation,‘-before blending. Advaﬁtageously, the
diselosed method reduces the need for at least a step of
controlling the flow rare'of the natural gas before the
blending step. Thus, the dlsclosed “method - prov1des a
s1mpler method for blendlng gas streams.

Advantageously, ‘the flow ‘rate of the‘\dosing gas
stream is set relative to the flow rate of the natural gas
stream, which is substantially constant. Particularly; the
,step of settlng the flow rate of the dosing gas stream
relative to the flow :rate of the natural gas stream is
conducted before the step of blend1ng~ the gas streams.
Since the flow rates of the gas streams immediately
ﬁpstream_of the blending steé are substantially constant,
the composition'ef the'blended gas may advantageousiy be
substantially consistent. |

In a second aspect, there is provided a system for
blending gas streams to produce blended gas,. the system
comprising: - a first' inlet for receiving a natural gas
stream, - the first inlet comprising a pressure regulator
for controllihg the differential pressure. across the
pressure regulator to target a constant flow rate of said
natural gas in sald natural gas stream; a second inlet for

receiving a dosing gas stream, the second inlet comprising

"a dosing gas flow regulator for setting a target flow rate

of the dosing gas stream relati&e to the natural gas .
stream; - the first and second inlets being in fluid
communication with a chamber for blending the natural gas
'stream with the dosing gas Sstream to produce the blended

gas.
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The natural gas pressure regulator controls the flow

“rate of the natural gas downstream of the pressure

regulator to target a constant flow rate. The first inlet
may therefore not require a flow control lobp to control
the . fieW' of the natural gas. The disclosedﬁ system thus
provides fer a simpler eand. more Aeconomical system fer
blending>gas streams.

In a third aspect, there is provided a method of
prov1d1ng blended gas for use as cutting gas or weldlng

gas uSLng the. dlsclosed system

Deflnltlons

The follow1ng words and terms used herein shall have
the meaning lndlcated

The term “differential pressure as used in the
context of the present spec1f1catlon”refers,toﬂthe ratio
of pressures between two points. Accordingly, the phrase
“differentialrpressure across the pressure regulator” as
used in the context of the present'specifisation refers to
the ratio ‘of pressures between the pressure at a point
before the pressure regulator and. the pressure at a point
after the pressure regulator. ' '

The word “substantially” does not exclude
“completely” e.g. a composition which 1is “substantially
free” from Y may be completely free from Y. Where
neceSsary, the word “substantially” may be omitted from

the definition of the invention.

Unless specified otherwise, the terms "comprising"

‘and "comprise", and grammatical variants thereof, are

intended to represent "open" or "inclusive" language such
thaﬁ they include recited elements -but also permit
inclusion of additional, unrecited elements.

As used herein, the term “about", ih-the context of

concentrations of . components of the formulations,
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btypically'meahs +/- 5% of the stated value, more typically

+/- 4% of the stated'value, more typically +/- 3% of the
stated value, more typically, +/- 2% of the stated wvalue,
even more typically +/- 1% of the stated value, and even
more typically‘+/-_0 5% of the-stated value.

Throughout thlS disclosure, certaih embodiments may
be disclosed in a range format. It should be understood

that the descrlptlon in range format is merely for

‘convenience and brevity and should not be construed as ‘an

inflexible limitation; on the scope of the disclosed

ranges{ Accordingly, thelde3cription of a range should be

considered to have specifically disclosed all the possible

- sub-ranges as well as individual numerical values within

that rahge. For exampie, description of a range such as
from i to 6 should be considered to have specifically
disclosed sub-ranges such‘as from 1 to 3, from 1 to 4,
from 1 to 5, from 2 to 4, from 2 to 6, from 3 to 6 etc.,
as well as individual numbers within that range, for
example, 1, 2, 3, 4, 5, and 6. This applies regardless of
the breadth of the range.

Detailed Disclosure of Eﬁbodiments

Exemplary, non-limiting embodiments of the invention
will now be disclosed. B

There is provided a method of blending gas streams to
produce blended gas, the method comprrsrng the steps of:

providing a natural gas stream via a pressure
regulator; ;

- providing a dosing gas via a dosing gas stream;

ﬂcontrolling the differehtial pressure across the
pressure regulator to target a constant flow rate of said
natural gas in said natural gas stream;

setting a target flow rate of the dosing gas stream

_relative to the natural gas stream;
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‘blending the natural gas stream with the dosing gas
stream to produce'the blended gas. | ‘
‘ -In the present disclosuré, the natural gas may be

éompressed natural - gas. This natural gas or compressed.

natural gas may:compriSe about 80%, about 90%,'about"95%,'

about 99% or about 100% methane. , o

| -Ihitially, natural gas to be‘supplied to the blending
system " may be,vpréviaed in the form .of banks of gas
paliets. The natural gas Supplied méy be in a"qqmpreéséd
staté éuch that the_pressuré of the ﬁatﬁrél'gas supplied
may bé.highef;than the presSure of 'the natural gas after
passing; through a.jpressﬁre regulafor. These gas pallets

are in fluid communication with a pressure regulating

~manifold optionally equippéd with' heating Jjackets to
“insulate against = heat ‘loss. The manifold.‘typically

- regulates the pressure of. the supplied natural gas in a

natural gas stream to a determined lower pressure, for

example from 200 barg to 15 barg, before being channeled

downstream into the disclosed blending system which may

comprise instrumental units such as flow meters, £flow

control valve, or pressure regulators etc. The pressure

" regulating manifold may be in fluid communication with one

or more downstream pressure regulétors and/or flow control
ingtruments. ‘ ' '

In the present disclosure, each -gas pallet may
compriserofféeveral natural"gés-cylinders. The natural gas
in these cylinders may be compressed natural gas.

Each bank of gas pallets may éomprise at 1east'one_

 gas pallet in fluid communication with the manifold. In

this way, the manifold allows - the blending system to

switch from one bay of gas pallets to another bay that is
on standby within the bank when the natural gas supply is

used up frém the'fifst'bay‘in the gas bank. The switching
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from one bay  to another bay may be done automatically or
manually
The pressure of the natural gas feed stream may be

regulated to any desired pressure. When required, the

. pressure of the natural gas. feed stream may be regulated

from 200 to about 2.5 barg. This may be done by channeling
natural gas downstream from ‘the natural gas cylinders

through one or more pressure regulators andv further

-pas51ng the natural gas stream through a meterlng valve

The metering valve and pressure regulators may beg

downstream of the manifold. The pressure regulators may be

further used to regulate the pressure of the natural gas .

stream such. that the dlfferentlal .pressure across these

regulators prov1des a constant veloc1ty' of the natural
gas. In other words, the pressure regulators may be used
for controlling the differential pressure to target a
constant flow rate of the natural gas ih the natural gas
stream.‘ This may be achieved by setting' the pressure
regulator to a fixed regulation value (position) in order
to maintain constant pressure differential across the
pressure regulator.'The pressure regulators may be used to
step down the pressure to a lower determined pressure
rather than for regulating flow. '

The pressure of the natural gas after passing through

the pressure regulators may be regulated to any desired

value but it is typically 1less than or equal to the
upstream. pressure. The above  pressure regulators may be

adjusted to provide a downstream natural gas pressure of

.15 barg.

By controlllng the pressure differential across the
regulators in the above manner, the ratlo of the pressure
(P;) upstream or before the regulator to the pressure (Pi)
downstream or after the pressure regulator, i.e. P,/P;, may »

be at least 1.8. By maintaining this pressure ratio, the
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flowing natural gas may achieve sonic Velocity SO as to.
target constant flow velocity. By operating the system
using this ratio method, complicated process control loops

that involve'feedbaok and feedforward instrumentations or

programmable  logic controller mway .—not mneed to Dbe

implemented in order to control the flow rate of the

natural gasr Thus, this method can help to minimize the

cost of"a blending system.

Accordlng to the present dlsclosure by . us1ng a. flrst

pressure regulator to achleve P, to be 200 barg ‘and Pl to

“be 15 barg, constant sonic velocity of the methane gas may

" be achieved as the ratio of P, to P; will be at least 1.8

and the above advantage may be attained.

It 1s possible that in the present dlsclosure, more
than one pressure regulator may be used when required. The
natural gas may be directed downstream through another
preSSure"regulator. Advantageously, the second pressure
regulator may permit the natural gas stream to possess
consistent pressure. Thisf.downstream pressure regulator
may be in fluid communication with the,pressure regulating
manifold. In a similar manner to the above first presSure
regulator, this second‘pressure regulator may be used to
adjust-the downstream pressure of the natural gas. This

second pressure regulator may also be used to control the

differential pressure of the natural gas across this

_ pressure regulator so as to target a constant velocity or

flow rate of the natural gas. In an embodiment, the ratio

of the pressure (P;) upstream or before the second pressure

'regulator to the pressure (P;) downstream or after the

second pressure regulator, i.e. P,/P;, is at least 1.8.
Similarly, the ratio of the pressure (P;) upstream oOr

before a further pressure regulator to the pressure (P1)

’downstream or after the further pressure regulator, i.e.

P,/P,, may be at least 1.8.
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The pressure of the natural gas after passing through
the second pressure regulator may be adjusted to any
desired value but it is typiéally less than or equal to

the upstream pressure. The second pressure regulator may

“also be adjusted .to provide a downstream natural gas

E)

pressure of 2.5 barg.
After the second pressufe regulator, the natural gas
may pass through a flow régulator. This flow regulator may

comprise a flow contrdl valve and flow meter..Accordiﬁg to

the present disclosure, the flow regulator does not

-comprisé a control loop to control 'the flow of the natural

gas since the natural gas flow rate is constant. Hence,

~the flow control valve may be set at a particular point

and may not need to be altered such that the cross-

sectioﬁalAfiow.area of the natural gas flowing through the

- flow control valve is also fixed. The nétural gas-from the

natural gas stream then enters a chamber for blending with
the dosing gas from andther dosing gas stream.

The -blending chamber may be a static mixer or any

‘device that provides a means for continuous' mixing of

fluid materials. Such a chamber may promote mixing of two
or more different fluids so that the resultant fluid
leaving  the - blending chamber becomes a homogenously
blended fluid. |

~ The dosing gas may. comprise of any gases selected
from the groﬁp consisting“of.alkanes,‘alkenes, alkynes and-
mixtures thereof . ‘

The dosing gas may also comprise compounds containing

2 to 4 carbon atoms.

The dosing gas méy be selected from the. group
.conSisting of propane, butaﬁe, acetyléne, propylene and
mixtures thereof. '

The dosing gas may élééAbe a mixture of propane and

butane.
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The.dosing'gas may  be liquefied petroleum gas (LPG)
comprising solely propane or butane. _
The dosing gas to be fed into the blending system may

be prOVided in the form of a dosing gas tank The dosing

- gas may be channeled through one Or more . pressure-

regulators, and a flow regulator comprising a flow control
valve and a flow meter.

Likewise, this desing gas pressure regulator may be

operated in a similar manner to control the downstream

pressure of the dosing'gas. When required, the pressure of
the dosing gas before the pressure ‘regulator may be 5

barg. When required, the pressure of the dosing gas after

the pressure regulator may be 2.5 barg' Advantageously,

this dos1ng gas pressure regulator may aid in stepping
down the pressure ‘of the gas  from its supply to a safe
operating pressure.

The flow control wvalve may further comprise a flow
indicator‘controller; The flow meter may further cOmprise.
a flow transmitter.

In the present disclosure, the.flow transmitter‘may
be coupled to the flow indicator controller which in turn

controls the flow control wvalve. This sets up a feedback

_loop for controlling the amount of dosing gas floWing into

the downstream blending chamber . Accordingly, the dosing
gas flow regulator may comprise a control.loop.

| The - method of obtaining a targeted dosing gas to
natural gas flow ratio may be done manually -or without

electronically coupling these two gas streams. The method _'

is illustrated as follows.

The orifice of the flow control valve for the natural
gas may be adjusted to a fixed flowrate. In one instance,
the orifice of the natural gas flow vcbntrolf valve is
adjusted to 405 Nm®/h. This flowrate _remains constant

provided the differential pressure stays above 1.8. The

10
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orifice of the flow control wvalve for the“dosing_gas,may
also be adjusted to a fixed flow rate according to the

targeted .flow ratio. .Adcordinglyy in the instance where

the target flow rate ratio of the dosing gés to natural

' gas is maintained at l:9,_where'the orifice'bf the natural

gas flow gontrolﬁ valve is adjusted to 405 Nm’/h, the

orifice of the dosing gas flow control valve is adjusted

accordingly to 45 Nm®*/h. The above manual control means

comprises the use of the flow transmitter, flow indicator
controller and the flow control valve itself,on‘both the
natural gas and the dosing gas pipelines. Consequently,

since the natural gas and dosing gas flowrates are

,maintained constantly, for example, 405 Nm®’/h and 45 Nm’/h

respectiVely, the targeted flow ratio may be achieved.
Hence, these ihstruments may be set to work together
in a way wherein the dosing gas is provided at‘a flow rate
based on the flow rate of the natural gas. According to
the present disclosure, the térget flow rate of the dosihg
gas in -the dosing gas stream is set relative to the
nétural gas bin the natural gas stream using the above
instrument‘configuration, such that the target flow rate
ratio of the dosing gas to natural gas may be maintained
at 1{9.-This_meaps that the composition of the blendéd.gas
leaving the blending chamber may comprise iO% dosing gas
and the rehainihg 90% may be the natural gas. Conventional
dosing ‘gas compositions tend to be heavier than air and do

not disperse easily should there be a leakage from the

system; inevitably, any user or operator may suffer Ifrom

'asphyxiation. Advantageously, the disclosed cbmposition of

blended gas may be lighter than air. Thus, the 1:9 flow
rate ratio attained by this methbd advantageously
minimizes the safety risk of any user or operator in the
event of a dosing gas leakagé. Moreover,.aS‘thé dosing gas

used may be more flammable compared to the natural gas,

11
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. the above flow rate ratio reduces the chances of any

explesion or fire disasters.
When necessary, the target flow rate ratio of ‘the

dosing gas to natural gas may be adjusted to any other

‘ratio determined to achieve both safety and. combustion

temperature.

Where it is not possible to use the ratio method to
maintain constant . flow velocity of the dosing gas, a
feedback ;oop~may be configured to control the flow ¢f the
dosing gas in the dosing gas stream.

In the present disclosure, the setting of the target
flow rate of the dosing gas stream may be selected at an
amount for 'increasing the combustion temperature of the
blended gas. When needed, .the target flow rate of the
dosing gas may be selected such that it forms the above
target ratio of 1:9,‘ thereby arriviﬁg at 10% of the
blended resultant fluid. Advantageously, the purpose of
adding the dosing gas 1is to improve the cutting or welding
capability of the blended gas due to the resultant higher
combustion temperature. Furthermore, the dosing gas
mentioned above is much more environmentally friendly
compared to conventionai dosing gases such as acetylene.

After the dosing gas and the natural gas are blended

in the chamber, the resultant homogenous blended gas may

be directed to a buffer tank. In the present disclosure,
the pressure of the buffer tank may be maintained at a

desired value to ensure that the blended gas mixture may

be at a constant pressure. The buffer tank may also be

maintained at a pressure of 2.5 barg to ensure that there
may be preesure homogeneity between the_natural gas stream
and the dosing gas stream endvthereby ensure'homogenous
blending, In this way,,maintaining'this constant pressure
may allow the blended gas vto be extracted consistently

from a ‘downstream manifold, which may be in £fluid

12
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‘ communication with the buffer tank, to ensure uniform
ACUtting.'The blended gas may be extracted from the system,
-e.g.‘by using a valve, at a similar pressure to that of
the buffer tank. The blended‘gas may be‘extracted at 2.5
. ‘barg. | o
o The system may further comprise> an analyzer for
analyZing the comp051tion of 'the blended' gas. A .gas
analyzer may be installed- at the buffer tank to examine
the compos1tion of the blended gas If the proportion of
the gas mixture is not obtained as des1red the systemvmay‘
be shutoff, either automatically or manually, to .correct
any def1c1ency resulting in the disproportion. = Any
dispropertions may -compromise efficiency or safety as
higher cembustion temperature. may not be attained for
cutting or welding and if the amount of dosing gas exceeds
10% of the blended gas mixture respectively. Hence, the
installation - of an analyzer at the buffer | tank
advantageously helps to achieve cutting or welding
efficiency and mitigates safety hazards.

There 1is provided a system for blending gas streams
to produce blended gas, the system comprising:

a first inlet for receiving a natural gas stream, the
first inlet  comprising a pressure regulator for
‘controlling the differential pressure across the pressure'
regulator to target a constant flow rate - of said natural
gas in said natural gas stream;

a second_inlet for receiving a dosing gas stream, the
second inlet comprising a idosing gas flow regulator for
.setting a target flow rate of the dosing gas stream
relative to the natural gas stream;

the first and second inlets being in fluid
communication with a chamber for blending the~natural'gas
stream with the dosing gas stream to produce the blended

gas.

13
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As mentioned above, the dosing gas may comprise of
aﬁy gases selected from the group consisting of alkanes,
alkenes, alkynes and mixtures. thereof. The'dosing gas may

comprise compounds .containing 2 to 4 carbon atoms. The

‘dosing gas.may be selected from .the group consisting of

propane, . butane; acetylene, propylenei‘ and ‘mixtures
thereof. The dosing'gas may be a mixture of propane and
butane. . | ' ‘ .
‘The dosing gas may also be liquefied.petroleum gas
(LPG) comprlslng solely propane or butane. '
As mentioned above, the natural gas may comprise
compressed napural gas. This natural gas or compressed

natural gas may comprise about 80%, about 90%, about 95%,

"about ‘99% or about 100% methane. The blending system may'

comprise banks of gas pallets in which natural gas 1is
initially proVided. Each bank of gas pallets may comprise
at least one gas pallet in fluid communication with a
pressure regulating maniﬁold. In this way, the blending-
system may possess the capability to switch from one bay .
of gas pallet to another bay that is on standby when the.
compressed natural gas supply 1is used ﬁp from the first

bay in the éas bank. The switching from one bay to another

- bay may be done automatlcally or manually In the present

disclosure, the pressure regulatlng manlfold may comprise
at least one pressure regulator and/or several wvalves. In
the present disclosure, the pressure regulating manifold

may be in fluid communication ‘with downstream pressure

regulators and/or flow control instruments.

Particularly, each gas pallet may comprise of several
natural gas cyiinders. The natural gas in these cylinders.
mayAbe compressed natural gas. These gas pallets may be in-
fluid communlcatlon. with a pressure regulatlng manifold

optlonally - equipped with heatlng jackets to 1nsulate-

'against heat 1loss. The manifold typically regulates the

14



10

15

20

25

30

WO 2015/112087 PCT/SG2014/000035

pressure of the supplied natural gas in a natural gas

stream to operating = pressure before being channeled

. downstream into the disclosed;'blending-'systenl which may

comprise instrumental units ‘such as -flow meters, flow

'control valve, or pressure regulators etc.

The pressure of the natural gas flow1ng through the
first inlet may be 200 barg.

The first inlet for receiving the natural gas stream
may  be - ih fluld comuunication -with - this pressure
regulatlng manifold, in Whioh natural gas may be:supplled
into . the blend;ng system. According to the . present
disclosure, the manifold may comprise this first inlet.

| The first inlet may -comprise a length of plpeline in
fluid communication‘upstream with the pressure‘regulating'

manifold and/or in fluid communication downstream with a

- blending chamber. The - first inlet_ may comprise,

downstream, one Or more pressure regulators used for
controlling the differential pressure of natural gasv
across this pressure regulator so as'to.provide a .constant
flow velocity of the natural gas. The pressure regulator
may be in fluld communlcatlon with the pressure regulatlng
manifold. The pressure regulator may be any kind of
pressure regulator known to any skilled person as long as
it fulfills the primary. function of matching the flow of
natural'gas through the‘regulator to the demand for gas
placed upon ‘the system. For instance, if the load flow

decreases, then the regulator flow may be decreased in

order to maintain constant differential pressure. If the

load flow increases, then the "regulator flow may be

increased in order to prevent the controlled pressure from

decrea51ng due to a shortage of gas in the. blendlng

system. The pressure regulators may be used to step down

- the 'pressure to a lower determined pressure rather than
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for regulating flow. The pressure regulator may be a
single stage or multi-stage regulator.

The pressure regulator may comprise a vrestricting

~element such as a valve; a loading element for applying

. the needed resistive force to the Trestricting element,

which'may‘bé a weight, a spring, a piston actﬁator, or
more commonly the diaphragm actuator in combination with a

sprihg; and a measuring element which may be wused to

‘determine the inlet flow and outlet flow of the pressure

regulator.
The above 'pressure 'regulator may be used for
maintaining a downstream pressure of 15 barg. This may be

the first pressure regulator situated on the natural gas

‘pipeline.

Based on the above, P, andrPl of the above pressure
regulator may be at 200 barg and 15 barg 'respeétively.
This may help to achieve a ;messure rétio, P,/P., of at
least 1.8 (where P, is the upétream pressure or pressure of
the natural gas before the pressure regﬁlator, and P, is
the . downstream pressure ér. pressure after the pressure
regulator). Accordingly, when the  system achieves a
differential pressure ratio of at least 1.8 across the
above pressure regulator, the natural gas may be able to
attain constant sonic velocity. By attaining such a
constant sonic velocity, the present system advantégeously

minimizes or eliminates the use of complicated process

‘control loops that involve feedback and feedforward

instrumentations or programmable logic controller in order

to control the flow rate of the compréssed natural gas,
thereby ‘lowering the éostv‘of such a blending system.
Hence, 1in the present disclosuie, the system excludes a
prograﬁmable logic'controller. ' |

In instances, more than.one pressure regﬁlator,may be

used when required. The system may also comprise another
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pressure regulator disposed downstream ‘of the above

pressure regulator in which natural gas passes through.
The pressure regulator may be in fluid communlcatlon with
the pressure regulating manifold. Similarly, thlS second
pressure_reguiator may- be any pressure regulator known to
the skilled person as long as"it vfulfills _the same
function as the .above_ pressure regulator. This second
pressure regulator may be used to-control the differential

pressure across. the pressure regulator to target‘:a

.constant flow rate of said natural gas in sald natural gas

stream. This pressure regulator may be used to regulate

the natural gas pressure to 2.5 barg Advantageously, the

"second pressure regulator may confer consistent pressure

to the natural gas stream. In instances, more than one
pressure regulator may be used when required.

In the present disclosure, the first inlet further
comprises, downstream of the pressure regulator(s), a
natural gas flow regulator. The flow- regulator may
comprise a flow controi valve and a flow meter. The flow

control wvalve may comprise of any valves known to the

‘skilled person, e.g. ball valve, butterfly wvalve, gate

valve or check valve, as long as it fulfills the functions
of regulating the pressure or flow of a fluid. The flow
meter may further comprise a flow transmitter. As the name
implies, a flow meter is an instrument for monitoring,
measuring,‘or recording the rate of flow,:or discharge of
the fluid.

Likewise, the flow transmitter is a device used for

rmeasuring the flow of a fluid through a tubing or pipe.

Additionally, the measurements are converted . from
electrical signals by the flow transmitter and sent to.a

designated receiving agent, such as a computer or an

‘automated control station. They may then be translated by

the flow transmitter to allow control .operators to
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visualize the ameunteof liquid being tranSferréd-thfough

pipelines in order to régulate the flow and ensure that
the. proper volumes may be transported.at,all times. A flow

transmitter-meyvbe installed in conjnnetien with the flow '

‘meter to transmit.the'reeults produced by the flow meter

to the control station manned by the operator.

Subsequently, the natural gas may be directed into a

chamber for blending the gases.

pr—y s

,In'the present  system, the doeiné gas'may be previded

in the form of a dosing gas tank.

The second inlet may comprise aelength of'pipeline in
fluid communication downstream with a blending chamber.

The second inlet may - comprise, downstream, a pressure

‘regulatdor in fluid communication with the dosing gas tank.

Likewise, 'this preesure regnlator may . comprise any
pressure regulator known to the skilled person as long as
it fulfills the basic function similar to the
abovementioned ' pressure regulators installed on the
natural gas pipeline. Inherent ‘differen:ial - pressure
across this doéing ‘gas ‘pfessure_'regulator may not be
sufficient to achieve constant flow velocity. Accordingly,
a feedback loop'may be disposed downstream of the dosing

gas pressure regulator for-controlling'the dosing gas. flow

"prior to it entering the blending chamber.

'~ The second - inlet comprises a dosing gas flow

regulater for-eetting a target flow rate of the dosing gas

‘stream relative to the natural - gas stream. The dosing gas

flow regulator may be located downstream of the dosing gas.

pressure regulator. The target flow rate of the dosing gas

flow regulator may be set reiative to the natural gas flow

regulator. The flow regulator may comprise a flow control

~valve and a flow meter. The dosing gas flow regulator may

comprise a control loop.
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A flow transmitter may be installed in conjunction
with the flow meter as desCribed earlier. This flow
control valve - may be similar to the earlier flow control
valve in Wthh natural gas passes through.

Add;tlonally, this dosing gas. flow control valve may
include a flow indicator controller " installed in
conjunction with it. The flow indicator controller may
comprise of any controller known to the skilled person ‘as
long as it is sultably de51gned and calibrated to -
automatlcally control the flow rates of the d051ng gas -for
the current application. '

The dosing gas flow transmitter may be coupled to the
dosing gas flow indicator controller which in turn
cdntrole the dosing gas flow control valve. This sets up
the feedback loop for controlling the amount of dosing gas
flowing inﬁo the downstream blending chamber.

Notably, the natural gas and dosing gas flow control
instruments comprising the flow control valve, flow meter,
flow indicator controller and/or ”flow transmitter may
eerve'as flow regulators. Based on this, it ‘is understood_
that the dosing gas flow instruments may . be combined'ﬁo
act as the dosing gas flow regulator, forming the dosing
gas feedback control loop. It is also understood that flow
control instruments may involve metering valves where
necessary _

Based on the abovementloned system configuration, the
dosing gas flow regulator for setting a target flow rate

of the dosing gas stream may be set relative to the

targeted flow rate of the natural gas stream. In other

words, these flow regulators may work together in such a
way wherein the‘dosing gas is provided at a targeted flow
rate based on the targeted flow rate of the natural gas.

The worklng principle of how to attaln. a targeted

desing gas to natural gas flow ratio manually or without
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electronically coupling these ‘two gas streams in the
system is as illustrated above.

In the present disclosure, the dosing gas and natural

'gas flow regulators may ensure that the flow ratio of the
fdosing'gaé,to_the natural:gas may be maintained atﬂ&;9}'
" This means that.the’Composition of the blended gas leaving

the blended chamber -may comprise 10% dosing gas and the

remaining 9Q% may - be the . natural gas. This is because
conventional dosiﬁg 'gaé compbgitions tend to be héavier
than air and - do not dispefsé'“easily' shouid there be a
ieakagé from the system; inevitably, any user or ‘operator
may; suffer from asthxiation.~ Thus, the present system
configutation may provide the capability of having a 1:9

flow ratio, thereby advantageously minimizing‘thé safety

- ‘rigsk of any user or operator. in the ‘event of a dosing gas

leakage. Moreover, in. instances where the dosing gas used
may be more flamﬁablé Compared to the compressed natural
gas, the above flow ratio reduces the cﬂances of any
explosioﬁ or fire disasters.

In the present system, the biending chamber may be a
static mixer or any device that provides; a means for
cbntinuous_mixing of -fluid materials. Such a chamber may
promote mixing of two dr more different fluids so that the

resultant fluid leaving the blending chamber becomes a

‘homogenously blended fluid.

A¢cording to the present disclosuré, based on the

above - proportion of natural gas and'ldosing gas, a

homogenous blended gas mixture “comprising 90% of the

earlier gas and 10% of the latter gas produced from the
blending chamber may be channeled downstream into a buffer
tank tthugh én outlet.v o ‘ |

The blending chamber may cbmpriée an outlet for
receiving*thé blended gas in a blended gas stream. This

outlet may comprise an outlet - pressure regulator to
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maintain the blended - gas -at a cqnstantA pressure. The
blended gas may be maintained at 2.5 barg.
In the present disclosure, the pressure of the buffer

tank may be ‘maintained.at any desired -value to ensure

“constant pressure of the blended gas mixture. The buffer

tank may be maintained at a pressure of 2.5 barg to ensure

pressure homogeneity between the - two gas 1lines. In this

:way['constant downstream system pressure will -allow the

blénded gas to be ext;acted consistently_fromJg_denstream'

manifold, whichAis‘in fluid communication with tﬁe buffer

‘tank and the chamber outlet, to ensure uniform cutting or

welding. The blended gas may be extracted from the system

~at a similar pressure to that of the buffer tank. The:

blended gas may be extracted at 2.5 barg.

iﬂ the. present system, the buffer tank may éOmpriée
an analyzer for analyzing the composition of the blended
gas. If the proportion of the gas mixture is not obtained
as desired, the system may be shutoff, either
automatically or manually, to correct any deficiency

resulting in the disproportion. Any . disproportions. may

‘compromise efficiency or - safety as higher combustion

temperature may not be{éttained for cutting or wélding and .
if the amount of dosing gas exceeds 10% of the blended gas
mixture reépectively. Hence, @ the installation of .an
analyzer at ‘the buffei tank advantageouély helps . to
achieve cutting or weiding efficiency and mitigates éafety
hazards. |

The'sYstem may further include metering valves that

may be disposed after the gas pallets or doéing gas tank

or after the. pressure regulators in ~each respective

pipelines for metering the flow. A metering valve may be

made of any "valve known. to the skilled ?erson, such. as

needle valve, as long as it can be used to regulate and
stabilize fluid flow.
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' As with any process systems, safety devices may be _
the present to ensure process safety, for example, to
prevent leaks, spills, ' equipment malfunction, over-

pressures, over-temperatures, corrosion, metal fatigue and

other adverse conditions.

These safety devices may comprise effective alafms‘or
control points.installed at any suitable locations of a
process system. v _

- The present system may comprlse at 1east one safety
alarm or control p01nts at any suitable locatlon At the
control p01nt,-safety devices may be installed to reduce
the load>(excessive increase in pressare or flow etc.) of
the system. These safety devices may also be present in
the system to cutoff fluid flow in the case of emergenc1es
such as -gas leakage

These, 'safety devices may include any form of
equipment or. their combination thereof, for example, flow

or pressure control valves, flow or pressure transmitters,

safety and/or relief valves, vent valves, bursting discs,

flame  arrestors, measuring  instruments such  as
tem?erature, pressure or flow sensors coupled to safety
alarms. Other safety devices known to a skilled person may
also bé included as long it may help tevmitigate any risks
arising from anomalies or deviations during process
operation. ’

Holistically, the present  method and system as

described above provides blended gas with improved
efficiency for cutting or welding at a lower cost. As

mentioned herein, the blended gas may be a cutting gas or

welding gas. The 'present method of :blending and
configuration of the blending system further mltlgate the

risk of any personnel sufferlng from asphyx1atlon in the

" event of a gas leakage.

22



10

15

20

25

30

WO 2015/112087 PCT/SG2014/000035

Brief Description Of Drawings
The 'accompanying drawings',illuétrate a -disclosed
embodiment_ and serves to explain the principles of the
disclésed"embodiment. It is to be understood, however,

that the'-ldrawings are designed for purposes of

'illustration only, and not as a definition of the limits

of the invention.

Fig. 1 shows a schematic diagram of':a gystem for
blending compressed natural gas and liquefied vpétroleum

gas.

Detailed Description Of Drawings
Fig. 1 'depicts a blending Asystem’ for compressed
natural gas and liquefied petroleum gas. .. | | ‘

Supplied natural gas is provided in the form of banks
of compressed gas cylinder pallets 100u,Typically, there
will be at least two banks of compressed gas pallets so
that,one bay is in use while the other is on standby for
auto—switchoVer;

From compressed gas pallets 100, compressed natural
gas 1s regulated to operating pressure in a  pressure
xégulating manifold with a heating jacket (not shown in
Fig. 1), before feeding into the system. Once regulated,
compresséd natural gas is fed intdlthe system, it is then
being channeléd‘vdownstream and its flow and préssﬁre

regulation are assisted by the first and second pressure

"regulators-200 and 201.

The first pressure regulator 200 may be used to

regulate compressed natural gas from 200 barg to 15 barg

while the second pressure regulator 201 may be_ used to

regulate compressed natural gas from 15 barg to 2.5 barg.

By regulating the pressure in the above manner, a
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differential pressure ratio of at  least 1.8 may be
maintained across the pressure regulators.,Forvinstance,
taking the ratio of the pressure of compressed natural gas

before the first pressure fegulator 200 (P;) which is 200

barg, and after the first pressure regulator 200 (P,) which

is 15 barg, a value of at least 1.8 is obtained.-
Further downstream of the second pressure regulator
201, .flow control wvalve 1 and a flow' meter with-

tranSmitter"Bfﬂare installed along the natural ‘gas4,pipe

’

line.
The dosing gas is fed into the'blending system from a

liquefied petroleum gas tank 101. Likewise, downstream

.flow and pressure of this gas are regulated'vié:pressure

regulator 202. ’
Further downstream of pressure regulator 202, flow

control valve 2 and a flow meter withftransmitter 5- are

- installed along the dosing gas pipe line to regulate-the

flow ratio between compressed natural gas and liquefied

‘petroleum gas. Together with flow indicato¥ controller 4,

flow control valve 2 and flow.meter/transmitter 5 form a
feedback loop.so as to”regulate the amount of liquefied
petroleum gas flow flowing into the downstream static
mixer 102. The flow rate of the liquefied petroleum gas
(dosing gas) is set relatiﬁe' to the flow rate of the

compressed natural gas at a ratio'of 1:9 prior to entering

‘the static mixer 102.

In the static mixer 102, the two fluids are mixed and

the homogenous gas mixture is subsequently directed into a

buffer tank 103. A gas analyzer 104 is attached to analyze
the gas composition after mixing. The blended gas -from
buffer tank‘ 103 is channeled to downstream piping (not
shown) for the extraction of the blended gases to be used

for various welding or cutting applications. .’
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Appllcatlons
The disclosed "method advantageously - prov1des an
efficient method for produc1ng welding gas or cuttlng gas.

The blended gas may advantageously be stored for use

at a later time. The blended gas may also be directly‘

provided' to wusers for industrial cutting and weiding
appiications.' o _k V |

The disclosed ratio method advantageously reduces the
need for instrumentation bY}permitting the provisioﬁ of a
constant - flow. A " | '

The blended gas provides adVantages in terms of
safety and eff1c1ency of use as disclosed herein.

It will be apparent that various other modlflcatlons
andAadaptatlons of the invention will be apparent to the.
person. skilled in the art after reading the foregoing
dlsclosure without departlng from the spirit and scope of
the invention -and it is 1ntended. that all such
modifications and adaptations come within the scope of the

appended claims.
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Claims

1. 2 method of blending gas streams to produce blended gas,
the methed comprising the steps of:

5 providing a natural gas stream via a pressure regulator;

providing a dosing gas via a dosing gas stream, wherein
the dosing gas 1s selected from the group consisting of
alkanes, alkenes, alkynes and mixtures thereof;

controlling the differential pressure across the pressure

10 regulator to achieve a constant flow rate of said natural gas
in saild natural gas stream, wherein the differential pressure
refers to the ratio of pressures between the pregsure at a
point Dbefore the presgsure regulator and the pressure at a
point after the pressure regulator;

15 gsetting a target flow rate ratio of the dosing gas stream
relative to the natural gas stream by adjusting the flow rate
of the dosing gas stream to increase the combustion
temperature of the blended gas;

blending the natural gas stream with the dosing gas

20 stream to produce the blended gas.

2. The method of c¢laim 1, wherein the controliling step
comprises the step of regulating the differential pressure at
more than 1.8.

25
3. The method of any cone of the preceding claims, wherein in

the setting step, the target flow rate ratio is 1:9.

4. The method of any one of the preceding claims, further
30 comprising the step of maintaining the blended gas at a

constant pressure.

5. The method of c¢claim 4, wherein the blended gas 1is
maintained at 2.5 barg.

35
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6. The method of any one of the preceding claims, wherein

the natural gas is compressed natural gas.

7. The method of claim 1, wherein the dosing gas comprises

compounds containing 2 to 4 carbon atoms.

8. The method of any one of the preceding claims, wherein
the dosing gas 1s selected from the group consisting of:

propane, butane, acetylene, propylene and mixtures thereof.

9. The method of c¢laim 8, wherein the dosing gas 1is a

mixture of propane and butane.

10. The method of any one of the preceding claims,

wherein the blended gas is a cutting gas or welding gas.

11. A system for blending gas streams to produce blended
gas, the system comprising:

a first dinlet for receiving a natural gas stream, the
first inlet comprising a pressure regulator for controlling
the differential pressure across the pressure regulator to
achieve a constant flow rate of said natural gas in said
natural gas stream, wherein the differential pressure refers
to the ratio of pressures between the pressure at a point
before the pressure regulator and the pressure at a point
after the pressure regulator, the first inlet further
comprising a natural gas flow regulator, wherein the target
flow rate of a dosing gas flow regulator is set relative to
the natural gas flow regulator;

a second inlet for receiving a dosing gas stream, wherein
the dosing gas 1is selected from the group consisting of
alkanes, alkenes, alkynes and mixtures thereof, the second
inlet comprising the dosing gas flow regulator for setting a
target flow rate ratio of the dosing gas stream relative to

the natural gas stream;
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the first and second inlets being in fluid communication
with a chamber for blending the natural gas stream with the

dosing gas stream to produce the blended gas.

5 12. The system of c¢laim 311, wherein sald pressure

regulator controls the differential pressure at more than 1.8.

13, The system of any one of claims 11-12, wherein the
dosing gas flow regulator comprises a control loop.
10
14. The system of claim 13, wherein the contrel loop

sets the target flow rate ratio at 1:9.

15. The system of any one of claims 11-14, wherein the
15 chamber comprises an outlet for receiving the blended gas in a

blended gas stream.

1s. .~ The system of claim 15, wherein the outlet comprises
an outlet pressure regulator to maintain the blended gas at a

20 constant pressure.

17. The sgystem of claim 16, wherein the blended gas is

maintained at 2.5 barg.

25 18. The system of any one of claims 11-17, further
comprising an analyzer for analyzing the composition of the

blended gas.

19. The system of any one of claims 15-18, further
30 comprising a manifold in fluid communication with the outlet

of the chamber.

20. The system of any one of claims 11-19, wherein the
natural gas is compressed natural gas.

35
21. The system of any one of claims 11-20, wherein the

dosing gas comprises compounds containing 2 to 4 carbon atoms.
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22. The system of any one of claimg 11-21, wherein the
dosing gas is selected from the group consisting of: propane,

butane, acetylene, propylene and mixtures thereof.

23. The system of claim 22, wherein the dosing gas is a

mixture of propane and butane.

24. The system of any one of claims 11-23, wherein the

10 blended gas i1sg a cutting gas or welding gas.

25. The syatem of any one of claimg 11-24, wherein the

system excludes a programmable logic controller.

15 26, A method of providing blended gas for use as cutting
gas or welding gas using the system of any one of claims 11-

25.

20
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