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A process for the use of ambient air as a heat exchange medium for vaporizing cryogenic fluids wherein the vaporized cryogenic
gases are heated to a selected temperature for use or delivery to a pipeline.
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ABSTRACT OF THE DISCLOSURE

- A process for the use of ambient air as a heat exchange medium for
vaporizing cryogenic fluids wherein the vaporized cryogenic gases are heated to a selected
temperature for use or delivery to a pipeline. | |
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AIR VAPQRIZOR

FIELD OF THE INVENTION
[0001] The present invention relates to an improved process for the use of ambient

air as @ heat exchange medium for vaporizing cryogenic fluids.

BACKGROUND OF THE INVENTION
[0002] In many areas of the world, large natural gas deposits are found. These

natural gas deposits, while constituting a valuable resource, have little value in the remote
areas in which they are located. To utilize these resources effectively, the natural gas must
be moved to a commercial market area. This is ﬁ'cquéntly accomplished by liquefying the
natural gas to produce a liquefied natural gas (LNG), which is then transported by ship or
the like to a market place. Once the LNG arrives at the marketplace, the LNG must be
revaporized for use as a fuel, for delivery by pipeline and the like. Other cryogenic liquids
frequently require revaporization after transportation also, but by far the largest demand
for processes of this type is for cryogenic natural gas revaporization.

[0003] In many instances the natural gas is revaporized by the use of scawater as a
heat exchange medium, by direct-fired heaters and the like. Each of these methods is
subject to certain disadvantages. For inStancc, there are concemS about the use of
seawater for environmental and other reasons. Further, seawater in many instances is
prone to contaminate heat exchange surfaces over periods of time. The use of direct-fired
heaters requires the consumption of a portion of the product for heating to revaporize the
remainder of the LNG. '

[0004] While in some instances, air has been used as a heat exchange medium for
LNG, the use of air has not been common because of the large heat transfer area required
in the heat exchangers and because of the variable temperature of air during different
scasons, during the day and night, and the like. Other disadvantages associated with the
use of air relate to the formation of ice in the heat exchange vessels, the requirement for
large amounts of air to heat the revaporized natural gas to a suitable temperature for
delivery 10 a user or to a pipeline and the like. The use of such large volumes of air can
require either excessively large heat exchange vessels or the use of excessive amounts of

air, which may result in excessive expense for forced air equipment, high operating costs
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and the like. Accordingly, improved methods have continually been sought for more
economically and effectively revaporizing cr);ogenic liquids.
SUMMARY OF THE INVENTION

[0005] According to the present invention, an improved method for vaporizing a
cryogenic hiquid is provided, comprising passing the cryogenic liquid in heat éxchange
contact with air to vaporize the cryogenic liquid and produce a gas and heating the gasto a
selected temperature by heat exchange with a heated liquid stream.
[0006] The invention further comprises: a method for vaporizing a cryogenic liquid
by passing the cryogenic liquid in heat exchange contact with air in a heat exchange zone .
to vaporize the cryogenic liquid to produce a gas; heating the air passed in heat exchange
with the cryogenic liquid by heat exchange with a heated liquid stream; and, heating the
gas to a selected temperature by heat exchange with a heated liquid stream.
{0007] The invention additionally comprises a méthod for vaporizing a cryogenic
liquid by: passing the cryogenic liquid in heat exchange contact with air in a heat
exchange zone to vaporize the cryogenic liquid -to produce a gas; and, heating the air
passed in heat exchange with the cryogenic liquid by heat exchange with a heated liquid
stream. |
{0008]) The invention also comprises a system for vaporizing a cryogenic liquid, the
system comprising: at least one heat exchanger having an air inlet, an air outlet, a
cryogenic liquid inlet and a gas outlet and adapted to pass air in heat exchange contact
with the cryogenic liquid to produce a gas; and, a heater having a cryogenic liquid inlet in
fluid communication with the gas outlet from the heater and a heated gas outlet.

BRIEF DESCRIPTION OF THE DRAWINGS
[0009] In the description of the FIGs, the same numbers will be used throughout to

refer to the same or similar components.

[0010} FIG 1. is a schematic diagram of a prior art revaporization process wherein
air is used as a heat exchange fluid; '

[0011] FI1G 2. is a schematic diagram of an embodiment of the present invention;
and,

[0012] FIG 3 s a schematic diagram of a further embodiment of the method of the

present invention.
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DESCRIPTION OF PREFERRED EMBODIMENTS
[0013] * Inthe description of the Figures, the same numbers will be used throughout
to refer to the same or similar components. Not all pumps, valves and other control
clements have lictn shown in the interest of simplicity.
{0014} In FIG 1, a typical system 10 for revaporizing a cryogenic liquid, according
to the prior art, is shown. In this system a first heat exchanger 12, typically having
extended heat exchange surfaces, is uscd along with a second heat exchanger 14, which
also typically has extended heat exchange surfaces. A cryogenic liquid is injected through
an inlet line 16. This liquid may be passed to one or both of vessels 12 or 14. However, it
is typically passed to only one of vessels 12 or 14 at a given time.
[0015] For instance, the cryogenic liquid may be passed through line 18 and valve
20 into heat exchanger 12 and vaporized by heat exchange with air and passed as
vaporized gas through a line 38 to a line 40 for recovery. Air is passed through heat
exchanger 12, naturaﬁy Ey gravity or more typically by a forced air system, shown
schematically as a fan 26, with the air being cxhaustcd as shown by arrows 30. Afier a
period of time the air, which typically contains some humidity, will precipitate water.
This water typically freezes on the heat exchange surface in the lower portion of heat
exchanger 12. At this point, the cryogenic liquid is rerouted through line 22 and valve 24
to heat exchanger 14 for vaporization for a pci'iod of time so that heat exchanger 12 may
thaw. This thaw may be accomplished, for instance, by use of a continued flow of
ambient air through heat exchanger 12 so that it becomes reusable to vaporize additional
quantities of cryogenic liquid. |
{0016} Heat exchanger 14 operates in the same manner described in connection
with heat exchanger 12. The recovered, vaporized gas is passed through a line 40 for
recovery with the air being forced through heat exchanger 14 by a forced air system. This
is shown schematically by a fan 28 with the air being recovered as shown by arrow 32.
Water recovery is shown at 34 with the recovered water being passed, as shown by arrow
36, to use for irrigation or other purposes or passed to suitable treatment for disposal.
[0017] Processes of this type are known to those skilled in the art. Whilelthese
processes have been effective, they are subject to certain disadvantages. For instance, the

driving temperature between the inlet air and the discharged natural gas may be relatively

small during times of low temperatures. In such instances, it is necessary to use a larper
quantity of air to achieve the desired temperature in line 40 for delivery to a user, a
pipeline or the like. Further, the driving temperature throughout the heat exchangers is
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reduced when the air temperature is Jower. This is particularly acute when the air
temperature drops to temperatures near the desired temperature in the pipeline. In such
instances, it requires larger amounts of air to achicve the desired temperature.

{0018} According to the present invention, an imm"oved process is shown in FIG 2.
Heat exchangers 12 and 14 are shown. Heat exchanger 12 receives a stream of crirogcnic

i liquid through line 18 and valve 20, as discussed previously. Air 26 is injected and passed

through heat exchange 12, as discussed previously, with water being recovered and passed
to a line 42, either to disposal or to use as a heat exchange fluid, The produced gas is
recovered through line 38 from heat exchanger 12 and from line 40 from heat exchanger
14. Heat exchanger 14 also produces water, which is recovered through lines 32 and 42,
The inlet air to heat exchangers 12 and 14 is shown by arrows 26' and 28', respectively.
Flow through linc 42 is regulated by valves 44 and 46, which can direct the produced
water cither to disposal or other use or to heat exchange with a turbine, which will be
discussed later.

{0019] The produced gas in line 40, according to the present invention, is heated in
a heat exchanger 106 to “trim” or boost the temperature of the gas to a desired temperature
for use or for delivery to 2 pipeline. This boosting heat exchanger reduces the need for the
use of excessive amounts of air when the temperature is relatively low and reduces the
temperature required in the air, even when the temperature is at normal or low levels. In
other words, the amount of air required for révaporization is reduced by reason of the
subsequent heat exchange step, which increases the temperature of the produced gas. In
some instances, when high temperature is present, it may not be necessary to use heat
exchanger 106, but it is considered an improvement in the efficiency of the overall process
to use heat exchanger 106 at all times since it reduces the amount of air required. The
decision, as to whether heat exchanger 106 should be used at all air temperatures or
whether reduced air flow can be used, is an economic decision and may be driven by a
number of factors including consideration of the tendency of ice to form in heat
exchangers 12 and 14.

[0020] As discussed previously, ice can form in either of the heat exchangers.

Normally heat exchanges are provided in banks to allow the use of a portion of the heat
exchangers at any given time so that certain of the heat exchangers can be withdrawn from
service and allowed to thaw. Thawing can be accomplished by the use of continued air
flow, by use of heated air flow or by electric coils and the like, as will be discussed
further.

DOCKET NO. BVCO-25.371 571872003
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[0021] According to the presént invenﬁon, a heating fluid is used in heat
exchanger 106, which is produced by heat exchange in a quench column 82 with the
exhaust gas stream from a turbine 52 or another type of fired combustion process: Turbine
52 is a turbine, as known to those skilled in the art. It typically comprises an air
compressor 51, shaft coupled to the air compressor by a shaft 58, which is fed by an air
inlet line 54. This provides a compressed air stream passed via a line 56 to combustion
with gas supplied by a line 60 to the turbine, which produces energy by the expansion of
the resulting hot gas stream to produce electrical power via an electrical power generator
64, shaft coupled by a shaft 66. The opcration of such turbines to generate electrical
power or power for other uses is well known to those skilled in the art and need not be
discussed further. |

[0022) Exhaust gas produced from the turbine operation is recovered through a

line 62 and is passed to discharge or heat recovery. Prior to passing the exhaust gas
stream to heat recovery, it may be further heated as shown by the use of gas or air and gas

introduced through a line 68 for combustion in-line to increase the temperature of the
exhaust gas. The exhaust gas may be used as a heat exchange fluid to produce electrical
power and the like. .

[0023] In FIG 2 the exhaust gas, which may have been subject to heat excﬁange
for the generation of energy or the like, is passed through a heat exchanger 70 and may be
passed via a line 76 through a selective catalytic reduction NOx control unit 78. The
stream recovered from unit 78 is passed via a line 80 to a quench heat exchanger 82 and

subsequently discharged through a line 83. Further treatment may be used on the stream
in 83 to condition it for discharge to the atmosphere or the like.

10024] The stream from heat exchanger 106 via line 86 is heated by quenching
contact with the exhaust gas stream in quench vessel 82. The heated stream from quench
vessel 82 is passed through a line 72 to heat exchanger 70 where it is further heated by
contact with the hot exhaust stream from turbine 52. The heated liquid stream is then

passed via a line 74 to heat exchanger 106 where it heats the discharged gas stream to a
desired temperature.

[0025] Desirably the liquid heat exchange stream is water, although other materials
such as refrigerant, hot oil, water or other types of intermediate recirculating fluids could

be used. Most such fluids require more extensive handling for heat exchange. Therefore

water is a preferred recirculating liquid.

DOCKET NO. BYCO-25 321 5/18/2005



10

15

20

25

S T SRR RN (RN TR TRV B 'R TR R TR

CA 02546438 2006-05-12

-6~
fOOZG] ~ InFIG 2, the recovered water may be passed via line 42 to licat exchange in
heat exchanger 48 with the incoming air to air compressor 51, to improve the efficiency of
turbine 52. - The warmed water may be then discharged fhrough line 50 to cither further
treatment, use, or the like. | o
{0027} By the use of the process shown in FIG 2, the requirements for higher
volumes of air have been reduced and improved heat exchange efficiency can be achieved
in heat exchangers' 12 and 14. The use of the heated exhaust stream from turbine 52 is
cxtremely efficient economically since this is normally a waste heat- stream after the |
recovery of its high tcmﬁemture heat value. The use of the turbine exhaust stream for heat
exchange to produce additional clccuicity and the like is typically limited to the use of the
stream at a relatively high temperature whereas the process of the present invention
utilizes this waste heat stream at a rclativcly' low temperature. In other words, the heating
required to increase the temperature of the gas stream to a suitable temperature i‘or us¢ ot
passage to a pipeline (usually more than about 40°F) normalfy requires a heat exchange
fluid which can be at a relatively low temperature, i.c., greater than about 55°F. This
tempecature is readily achieved in heat exchanger 106 by the us of a stream which is well
below the temperature normally required for the generation of additional clectric poiwer,
[0028] . The improvement by the pro;:css shown in FIG 2 is achieved using a
rclativcl)‘(. low temperature, low pressure stream which is of limited economic value, It
will be understood that typically when a tucbine is used for the generation of electrical
power, the heat values present in the exhaust stream are typically recovered to the extent
practical for use to generate additional electric power and the like.
{0029} In a variation of the present invention, as shown in FIG 3, a heat source 88
is shown, which .may be a turbine with the discharge arrangement shown in FIG 2 or an
equivalent arrangement or a direct-fired heater 88. This embodiment may be used where it
is not necessary to heat the natural gas at all times but rather only during certain
temperature conditions and the like. The embodiment shown in FIG 3 uses heat exchanger

106 as discussed previously.

[0030] [a the embodiment shown in FIG 3, the heated liquid in line 72 mayalsobe

utilized via a line 90 and lines 92’ and 94' through valves 92 and 94 respectively, to heat
the inlet air to heat exchangers 12 and 14, as shown in heaters 108 and 110. respectively.
This use of the heated liquid allows the inlet air to be at an increased temperature, thereby
improving the efficiency of heat exchangers 12 and 14. The cooled air and the condensed

water are recovered as discussed previously and passed via line 42 to further use,

DOCKET NO. ByC0D-25 82! 1872008
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treatment or the like. The cooled, heat exchange liquid is recovered through a line 98 and a
line 100 and returned to heating via a line 96. Additional heated liquid may be withdrawn
from line 90 through lines 112 and 114 and passed to an intermediate heating zone in a
middle portion 102 of heat exchanger 12 and a middle portion 104 of heat exchanger 14.
For simplicity, no retumn lines have been shown for this heating fluid aithough it is normally
returned to line 96 or a separate line for return to heater 88.

[0031] By the use of the additional heating liquid to heat the inlet air and optionally
heat the middie portion of heat exchangers 12 and 14, improved efficiency can be achieved
because of the added temperature difference between the air stream and the cryogenic
liquid or vaporized cryogenic liquid stream. Further, the heated air and the heated middie
portions of the heat exchangers may be used to reduce the time necessary to remove ice
from the lower portion of the heat exchangers or to prevent the formation of ice altogether.
[0032] Air heaters for the inlet air may be used alone or in combination with heater
106 and with heating streams 112 and 114. Desirably, heat exchanger 106 is used in all
instances since it reduces the amount of heat required from the air streams in heat
exchangers 12 and 14.

[0033] The embodiment shown in FIG 2, which requires only heat exchanger 1086, is
preferred since it results in less expensive installation while still achieving the desired
objectives of the present invention. As indicated previously, any waste heat stream of a
suitable temperature (about 55 to about 400°F) is effective to heat a liquid stream for use in
heat exchanger 106 with a turbine having been shown since turbine exhaust streams are
frequently available in areas where the unioading of cryogenic liquids is desired.

[0034]) According to the present invention, improved efficiency has been achieved by
a relatively simple improvement, i.e., the use of a heat exchanger on the vaporized natural
gas stream with other embodiments of the invention achieving still further improvement by

the use of heaters with the inlet air and with heaters in the middle portions of the air heat
exchange vessels.

[0035] Accordingly, the present invention has greatly improved the efficiency of the
use of ambient air as a heat exchange fluid with cryogenic liquids.
[0036] While the present invention has been described by reference to certain of its

preferred embodiments, it is pointed out that the embodiments described are illustrative
rather than limiting in nature and that many variations and modifications are possible within
the scope of the present invention. May such variations and modifications may be
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considered obvious and desirable by those skilled in the art based upon a review of the
foregoing description of preferred embodiments.
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CLAIMS

1. A method for vaporizing a liquefied natural gas, the method comprising:

a) passing the liquefied natural gas in heat exchange contact with ambient

o air to vaporize the liquefied natural gas and produce a vaporized
' natural gas stream and a water stream;

b) heating a liquid stream by heat exchange with an exhaust gas stream

from a turbine at a temperature from about 55 to about 400°F to

produce a heated liquid stream; and,

10 c) heating the vaporized natural gas stream to a selected temperature by
heat exchange with the heated liquid stream.

2. The method of Claim 1 wherein the water stream is passed in heat exchange

with an air inlet stream passed into a compressor providing compressed feed air to the
15 turbine, to improve the efficiency of the turbine.

3. The method of Claim 1 wherein the heated liquid is an aqueous liquid.

4. The method of Claim 3 wherein the heated liquid is heated by at least one of

20 quenching heat exchange with a gas stream and heat exchange in a heat exchanger.
5. The method of Claim 4 wherein the gas stream is a waste heat stream.

6. The method of Claim 4 wherein the liquid is heated in a quenching heat
25 exchange and in a heat exchanger.

7. The method of Claim 1 wherein the selected temperature is a temperature

suitable for delivery of the vaporized natural gas to a user for use or delivery of the
vaporized natural gas.

30

8. The method of Claim 1 wherein the selected temperature is more than about
40°F.
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9. The method of Claim 7 wherein the user is a pipeline.

10. The method of Claim 1 wherein the turbine is used to generate electrical

11. A system for vaporizing a liquefied natural gas, the system comprising:

at least one heat exchanger having an ambient air inlet, an air outlet, a
liquefied natural gas inlet and a vaporized natural gas outlet and
adapted to pass ambient air in heat exchange contact with the liquefied
natural gas to produce a gas and a water stream;

a turbine coupled to an air compressor having an air inlet and adapted
to pass a compressed air Stream to combustion with a gas in the
turbine to produce energy and an exhaust gas stream;

a heater having a vaporized natural gas inlet in fluid communication
with the vaporized natural gas outlet from the heat exchanger and a
heated vaporized natural gas outlet and adapted to heat the vaporized
natural gas stream to a selected temperature by heat exchange with a
heated liquid stream; and

a heat exchange system adapted to heat a liquid stream by heat
exchange with the exhaust gas stream at a temperature from about 55

to about 400°F to provide the heated liquid stream.

12. The system of Claim 11 wherein the heat exchange system comprises at least

25 one of a quench vessel and a heat exchanger.

30

13. The system of Claim 11 further comprising a third heat exchanger adapted to
pass the water stream in heat exchange contact with incoming air to the air compressor,

to improve the efficiency of the turbine.
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FIG. 1 (Prior art)
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