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(54) Abstract Title

Apparatus for the controlled heating of process fluid using heat pipes

(57) An apparatus 100 for the controlled heating of a
process fiuid 152 (e.g. crude oil, emulsions, amine, etc) has
a heater 102, a process fluid vessel 150 containing the
process fluid 152, and a bundle of thermosyphons 106
extending between a burner chamber 112 of the heater 102
and the process fluid 152 inside the vessel 150 for
transferring heat from the heater 102 to the process fluid
152. Burners 118 in the burner chamber 112 are controlied
to maintain the bulk temperature of the process fluid Tgy
substantiaily within an operating range defined by preset
upper Tygy and lower T gw temperature setpoints. The
burners 118 can be turned on to maintain an outside metal
temperature Tgyap Of the evaporator ends 104 of the
thermosyphons 106 above a preset dew point temperature
Tpew to prevent corrosion. The burners 118 can also be
shut down if an outside surface temperature Top of at least
one of the condenser ends 142 of the thermosyphons 106
extending into the vessel 150 exceeds a predetermined
setpoint temperature Ta arm-

FIG. 3

150

At least one drawing originally filed was informal and the print reproduced here is taken from a later filed formal copy.
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APPARATUS FOR THE CONTROLLED
HEATING OF PROCESS FLUIDS

The present invention relates generally to the field of heat transfer and in particular to a
new and useful apparatus for heating a process fluid using thermosyphons.

It is well known to heat process fluids, such as crude oil, emulsions, amine, etc. using a
fire tube heater system. An example of such a system is shown in Fig. 1. The fire tube heater
itself is generally a U-shaped tube which extends into a vessel containing the process fluid, and
is comprised of three primary sections: a combustion chamber and a burner for forced draft firing
or a burner alone for natural draft, the U-shaped tube, and an exhaust stack. The burner, which
usually fires natural gas or propane, is used to generate a flame which travels about 1/3 to 1/2
the inlet length of the U-shaped tube. Hot combustion products from the burner continue
through the U-shaped tube to the exhaust stack, and into the atmosphere. The hot combustion
products release a portion of their heat to the process fluid surrounding the U-shaped tube as they

travel through the U-shaped fire tube.
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Fire tube heaters have several known drawbacks which require continual maintenance
and observation. First, the process fluid surrounding the fire tube is heated unevenly due to the
changing heat flux in the fire tube wall as the combustion products release heat. Second, the
continued operation of the fire tube results in increased fire tube internal wall temperatures due
to scaling on the outer fire tube walls from evaporation and/or cracking of the process fluid. The
increased fire tube internal wall temperature causes burn back and increased stresses on the fire
tube, which can eventually lead to failure of the fire tube wall and subsequent fire or explosion
within the process fluid tank or vessel.

One known alternative to fire tubes operating in natural draft for heating process fluids
is found in Canadian Patent No. 1,264,443, System for Separating Oil-Water Emulsion, which
has a heat pipe bundle extending between a combustion chamber and a vessel containing an oil-
water emulsion. As used therein, the term heat pipe refers to a high performance heat transfer
device having the structural elements of: a closed outer container, a capillary wick, and a
working fluid exhibiting the desired thermal characteristics. The capillary wick structure retumns
the liquefied working fluid from a condenser end of the heat pipe back to an evaporator end. The
heat pipe uses the phenomena of evaporation, condensation, and surface-tension pumping of a
liquid in a capillary wick to transfer latent heat of vaporization continuously from one region to
another, without the aid of external work such as gravity, acceleration forces, or pumps. The
system of the ‘443 patent is schematically illustrated in Fig. 2. The vessel 1 receives an oil-water
emulsion through an emulsion inlet pipe 2 and which then spreads over a separation plate 3. A
substantial quantity of the oil-water emulsion flows down through a downcomer pipe 4 and
accumnulates in a bottom portion of the vessel 1. A plurality of heat pipes 5 extend at an angle
from the horizontal between an external combustion chamber 6 through a wall 7 of the vessel
1 and into the oil-water emulsion 8 which has accumulated in the bottom portion 9 of the vessel
1. Fuel gas for combustion is provided at a fuel gas inlet 10 to the combustion chamber 6 and
ignited to heat finned evaporator ends 11 of the heat pipes 5 extending therein. Products of
combustion are exhausted to atmosphere via an exhaust stack 12. The finned evaporator ends
11 of the heat pipes 5 are heated in the combustion chamber 6 to cause the working fluid in each

heat pipe 5 to travel to their condenser ends 13 which are immersed in the oil-water emulsion
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8 in the vessel 1, where heat is released to the oil-water emulsion 8. The heat pipes
5 thus transfer heat into the oil-water emulsion 8 and hasten its separation into free
gas which exits via gas discharge pipe 14, treated oil which exits via treated oil outlet
15, and water which exits via water drain 16.

The heat pipe system in Canadian Patent No. 1,264,443 does not disclose
particular connections between the heat pipes and vessels nor a burner arrangement
in relation to balance heat transfer between the heat pipe evaporator and condenser
ends. The heat pipes are also arranged in a single bundle closely positioned adjacent
to each other which allows the evaporator ends to operate in high temperature and
high velocity combustion gases. Consequently, this requires the condenser ends of
the heat pipes to be positioned in high velocity streams of liquid to remove the heat
and balance the whole system of heat transfer between the heat source and heat sink.

According to the present invention there is provided an apparatus for
controlled heating of a process fluid, comprising:

a heater having a burner chamber, a burner array in the burner chamber, and
means for providing combustion air to the burner array;

a process fluid vessel for containing the process fluid;

a plurality of thermosyphons having evaporator ends and condenser ends, the
evaporator ends arranged in a closely spaced bundle within the burner chamber in
close proximity to the burner array, the condenser ends extending into the process
fluid vessel, whereby the evaporator ends receive heat generated by the burner array
within the burner chamber, and the heat is transferred through the thermosyphons to
the condenser ends which are arranged to release heat into the process fluid in the
process fluid vessel; and

burner controller means for controlling an amount of fuel supplied from a fuel
source to the burner array in response to sensed temperatures, the burner controller
means operative to shut off a flow of fuel to the burmer array when a sensed
temperature Top, corresponding to an outside diameter outside surface temperature

of at least one of the condenser ends of the thermosyphons extending into the process
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fluid vessel, exceeds a predetermined setpoint temperature Tapapm-

A preferred embodiment of the present invention provides an improved
apparatus for heating a process fluid contained in a vessel which is easily assembled
at an existing site and which can be used to heat the process fluid more efficiently.

Preferably, a burner arrangement is provided for the process fluid heating
apparatus and means for controlling same which maintains a stable heat flow through
thermosyphons and which limits scaling and other corrosion. The preferred
embodiment provides new orientations of thermosyphons for heating the process fluid,
which are more efficient and effective than known systems and which provide
relatively even heating to the process fluid.

As used herein, the term thermosyphon refers to a closed end tube having a
condenser end and an evaporator end and containing a working fluid, but which does
not contain a capillary wick and relies upon gravitational force to return the liquefied
working fluid from the condenser end of the thermosyphon tube back to the
evaporator end. Because a thermosyphon needs to employ an external gravitational
force to return the condensate from the condenser end back to the evaporator end, a
thermosyphon is typically positioned with the condenser end above (i.e., at a higher
elevation) than the evaporator end. If the thermosyphon is made from a substantially
straight tube, inclining the thermosyphon at some angle with respect to the horizontal
so that the condenser end is above the evaporator end will readily provide this
required difference in elevation. However, a thermosyphon tube need not be straight;
it could be provided with a curved or bent configuration to accomplish the desired
result of locating the condenser end at an elevation higher than that of the evaporator
end.

The preferred process fluid heating apparatus has a burner chamber, a process
fluid vessel, and a thermosyphon bundle for transferring heat from the burner
chamber to the process fluid vessel. The burner chamber contains a burner array
optimized to evenly heat the evaporator ends of the thermosyphon in the bundle which

are positioned in close proximity to the burner array. The thermosyphon bundle
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extends upwardly inclined through a header box connected to the burner chamber and
into the process fluid vessel. The header box is preferably welded to the process
fluid vessel at an existing flange. The header box contains two seals through which
the thermosyphon bundle passes. The seals separate the burner chamber from the
process fluid and the portion of the header box adjacent the burner chamber can
function as a preheater for the combustion air to the burners.

In the case of a retrofit, the thermosyphon bundle is supported inside the
process fluid vessel using existing fire tube sﬁpports. The condenser ends of the
thermosyphons inside the process fluid vessel may be arranged in a close bundle, or
they may be separated into different patterns to maximize the heat transfer from the
thermosyphons into the process fluid.

Another function of the preferred burner controller means is to turn on or
increase fuel to the burner array when a sensed temperature Tgy,p, corresponding to
an outside diameter metal surface temperature of at least one of the finned evaporator
ends of the thermosyphons located above the burmer array, drops below a
predetermined setpoint temperature Tpey. The setpoint temperature Ty, corresponds
to the minimum metal temperature at which the water or sulfuric acid dewpoint of the
combustion gases occurs.

The invention will now be described by way of example with reference to the
accompanying drawings, throughout which like parts are referred to by like
references, and in which:

Fig. 1 is an illustration of a known, U-shaped fire tube heater system;

Fig. 2 is an illustration of a known system for separating an oil-water

emulsion which has a heat pipe bundle extending between a
combustion chamber and a vessel containing the oil-water
emulsion;

Fig. 3 is a partial sectional side elevational view of a first embodiment

of the apparatus of the invention as applied to a substantially

vertical process fluid tank or vessel;
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Fig. 7A

Fig. 7B

Fig. 7C

Fig. 8

Fig. 9

Figs. 10A-10C

Fig. 11
Fig. 12

is a top plan view of a burner array for use in the apparatus of Fig. 3,
viewed in the direction of arrows 4-4;

is a partial sectional side elevational view of a second embodiment of
the apparatus of the invention as applied to a substantially horizontal
process fluid tank or vessel;

is a partial sectional side elevational view of the apparatus inside the
process fluid tank or vessel;

is a partial sectional side elevational view of one embodiment of a
thermosyphon seal connection;

is a partial sectional side elevational view of another embodiment of a
thermosyphon seal connection;

is a partial sectional side elevational view of yet another embodiment
of a thermosyphon seal connection;

is partial sectional side elevational view of a third embodiment of the
apparatus of the invention;

is a sectional side elevational view of an alternate tube bundle
arrangement inside the process fluid tank or vessel; '

are schematic diagrams showing alternate tube bundle arrangements
inside the process fluid tank or vessel;

is a perspective view, partly in section, of the arrangement of Fig. 9; and
is a graph of minimum metal temperatures to prevent corrosion as a

function of the type of fuel and percent sulfur therein.

Referring to the drawings generally, wherein like reference numerals designate the same

or functionally similar elements throughout the several drawings, Fig. 3 discloses a process fluid

heating apparatus, generally designated 100, which has a heater 102 surrounding evaporator ends

104 of a bundle of thermosyphons 106. Heater 102 is supported by supports 108 at its lower end
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above the ground 110. The supports 108 provide a slightly inclined orientation to the heater 102

relative to the ground 110.
The heater 102 has a burner chamber 112 enclosing the evaporator ends 104 above a
burner array 114 located within a burner skirt 116 at a base of the bumer chamber 112. Bumer

array 114 is comprised of several burner elements 118 arranged close together to maximize the

area covered by the bumer array 114. One possible burner array 114, as seen in Fig. 4, has three

rows of burner elements 118 adjacent each other. Preferably, the burner elements 118 are T-type
burners or up shot burners of a type known to those skilled in the burner arts,

Burner array 114 is supplied by fuel supply 120 with natural gas, propane, or casing gas.
Casing gas is a product of oil wells that is usually vented to atmosphere since it cannot be burned
in conventional, high pressure (15 to 30 psig) burners because it is dirty, wet, and contains
particulates which erode such conventional burner components. First and second stage pressure
regulation elements 122, 124 of known design would be provided as necessary, as would a
manual or motor operated gas valve means 126. Gas valve means 126 could be of the on-off
type or modulating, as described below. Air inlet 128 admits combustion air 130 into a plenum
132. Flame arrestors 134 allow the combustion air 130 to pass through the plenum 132 and mix
with the fuel provided by burner array 114 located within the burner chamber 112. An exhaust
chamber 136, exhaust stack 138, and a vent hood (not shown) are provided above the
thermosyphons 106 in the burner chamber 112 to permit combustion gases 140 to leave the
burner chamber 112 via natural draft.

Inside the burner chamber 112, the evaporator ends 104 of the thermosyphons 106 are
heated, causing a working fluid inside each thermosyphon 106 to gain heat energy, evaporate,
and travel up and through the thermosyphons 106 to their condenser ends 142 which are located
inside a substantially vertical process fluid tank or vessel 150 and immersed in a process fluid
152 therein to be heated. Thermosyphons 106 are oriented at approximately the same angle of
inclination as the heater 102, so that the condenser ends 142 of the thermosyphons 106 are
elevated above evaporator ends 104 of the thermosyphons 106. The evaporator ends 104 of the

thermosyphons 106 may each have a plurality of fins 144 attached to increase their thermal



10

20

tJ
(V]

-8-

surface area and enhance the heat transfer between the combustion gases 140 and the evaporator
ends 104 of the thermosyphons 106.

A transition box 154 surrounds a middle section 156 of the thermosyphons 106 extending
between the heater 102 and the process fluid tank or vessel 150. Transition box 154 has a first
(preheat) section 158 and a second section 160 connected to one another and to the burner
chamber 112 at flanged connections 162, 164, and 166. A gasket or seal is provided at 168, but
may or may not be provided at locations 170 and 172. Preheat section 158 is adjacent heater 102
but separated from burner chamber 112 by a packing box 174. Half of flanged connection 172
is preferably part of the process fluid tank or vessel 150 and it may be either flush with a wall
176 of the process fluid tank or vessel 150, or horizontally offset therefrom as shown in Fig. 3.
Second section 160 is open to the process fluid 152 and interconnects' the process fluid tank or
vessel 150 at flanged connection 166 and the preheat section 158 at flanged connection 164. A
divider plate 178 is used to divide first section 158 from second section 160 so that only the
thermosyphons 106 can pass through each section and so that the process fluid tank or vessel 150
and heater 102 are otherwise isolated from each other. This isolation prevents any of the process
fluid 152 from leaking into burner chamber 112 and possibly being ignited if process fluid 152
is flammable. Both the first preheat section 158 and the second section 160 may be packed with
insulation 180 to minimize heat loss to the surroundings, thereby maximizing the heat that is
conveyed along thermosyphons 106 to their condenser ends 142 immersed in the process fluid
152. In an altemnative configuration, described below, the insulation 180 can be omitted to allow
the first section 158 to serve as a preheating chamber for preheating the combustion air 130.

Fig. 5 illustrates the application of the present invention to the task of heating a process
fluid 152 contained within a substantially horizontal process fluid tank or vessel 190. Again, like
reference numerals designate the same or functionally similar elements. This arrangement is
quite similar to that shown in Fig. 3, but there are some differences. For example, there is shown
in Fig. 5 a 5-high arrangement of thermosyphons 106, in contrast to the 4-high arrangement of
thermosyphons 106 shown in Fig. 3. It will be understood that various thermosyphon 106
configurations may be employed, preferably in a staggered configuration, in either the Fig. 3 or

Fig. 5 embodiments. Further, the thermosyphons 106 in the Fig. 5 embodiment only penetrate
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a lower portion 192 of a flanged cover plate 194 on the process fluid tank or vessel 190. The
flanged cover plate in Fig. 5 serves substantially the same purpose and performs substantially
the same function as the second section 160 of transition box 154 of Fig. 3. As is the case with
the embodiment of Fig. 3, the required heat transfer duty will determine how many
thermosyphons 106 will be needed, and this will likewise determine how much of an opening
will be required in the flanged cover plate 194.

In Fig. 6, a typical existing support structure 200 in tank or vessel 190 is used to support
the condenser ends 142 of the thermosyphons 106 as shown, modified to support the condenser
ends 142 of the thermosyphons 106. In the case where a pre-existing process fluid tank or vesse]
150 is modified to be heated by the apparatus of the invention, an existing fire tube support 202
may be used as part of the support structure 200. Additional tube bundle slide-in supports 204
are linked to the existing fire tube support 202, together with tube bundle fixed supports 206.
In the case of new systems, a similar support structure 200 may be used, but it may be more
specifically tailored to the vessel 150, 190 and the arrangement of thermosyphons 106 used
inside the process fluid tank or vessel 150, 190.

Figs. 7A, 7B, and 7C show preferred embodiments for providing the thermosyphons 106
through divider plate 178, the first preheat section 158, and the second section 160 of the
transition box 154 between the heater 102 and the process fluid tank or vessel 150, 190. The
divider plate 178 has a plurality of openings 210 through which the thermosyphons 106 are
inserted.

In the embodiment shown in Fig. 7A, a threaded collar 212 is welded to each
thermosyphon 106 by a seal weld 214. Threaded collar 212 is secured within the opening 210-
in divider plate 178 by means of intercooperating threads 216 and sealed against the outside of
the divider plate 178 by gasket 218. This configuration allows the thermosyphons 106 to be
easily removed for inspection or replacement, if needed.

In the embodiment Fig. 7B, a seal collar 220 is sealedly positioned at 222, such as by a
seal weld 222, around each thermosyphon 106 and then tightly fit in an opening 224 through
divider plate 178. Seal welds 226 are then made between divider plate 178 and collar 220. This
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configuration is more permanent, since the seal welds 226 must be removed in order to remove
the thermosyphons 106 and their seal collar 220.

Finally in the embodiment of Fig. 7C, there is shown the simplest means for sealing the
thermosyphon tube 106 in a divider plate 178, namely by the provision of only the seal weld 214
directly between these two elements. This configuration is also somewhat permanent, since the
seal weld 214 must be removed in order to remove the thermosyphons 106 from the divider plate
178.

Fig. 8 illustrates a third embodiment of the present invention, in the setting wherein it is
applied to a substantially vertical process fluid tank or vessel 150, wherein an elongated preheat
air duct 250 is attached to the plenum chamber 132 and extends along the side of heater 102 and
around a portion of the thermosyphons 106. Air duct inlet 252 is above thermosyphons 106, so
that air entering the air duct 250 must pass by the thermosyphons 106 in a section which is
separated from both the burner chamber 112 and process fluid 152. In this embodiment, the
transition box first preheat section 158 would not be insulated. Instead, the combustion air 130
receives some heat from the thermosyphons 106, warming the incoming combustion air 130
thereby preventing freezing and improving the combustion process occurring inside burner
chamber 112. A double seal system is still used, with seal section 158 and 160 maintaining
separation between the process fluid tank or vessel 150, 190 and burner chamber 112. Fig. 8 also
illustrates another aspect of the thermosyphon tube bundle supports, wherein adjustable tube
bundle supports 208 can be employed; this aspect is also illustrated in Fig. 9, wherein these
adjustable supports 208 can be used to support different groups of thermosyphon tubes 106.

Fig. 9 has an alternative arrangement of the thermosyphons 106 within process fluid tank
or vessel 150, 190. Depending on the nature of the process fluid 152 being heated, it may be
more advantageous to separate the condenser ends 142 of the thermosyphons 106 to enable more
even heating within the process fluid tank or vessel 150, 190. The condenser ends 142 of an
upper group 260 of thermosyphons 106 are elevated above the remainder or lower group 262 of
the bundle of thermosyphons 106 in this configuration. Depending on the configuration and

arrangement of the thermosyphons 106, the support structure 200 may be modified accordingly



10

20

11 -

to prevent undesirable bending or breaking of the thermosyphons 106 from stresses exerted by
the process fluid 152 or the weight of the thermosyphons 106.

Figs. 10A, 10B and 10C each display diagrams of some, but not all, of various positions
of the condenser ends 142 of the thermosyphons 106 within the process fluid tank or vessel 150,
190 relative to a position 270 of the thermosyphons 106 as they enter the process fluid tank or
vessel 150, 190. The shaded circles represent the condenser ends 142 of the thermosyphons 106,
while the open circles represent the position 270 of the thermosyphons 106 adjacent the seal
chamber 160 with the process fluid tank or vessel 150, 190 and as positioned within the burner
chamber 112. As can be seen, the condenser ends 142 may be arrayed in wider spaced apart
arrays, relative to a spacing of the evaporator ends 104 of the thermosyphons in the burner
chamber 112, such as spaced apart horizontal rows across the width of the process fluid tank or
vessel 150, 190, in inclined rows, or in arcuate configurations (Figs. 10A, 10B, 10C,
respectively). These configurations have several advantages, including: more uniform heating
of the process fluid 152; a greater heat retention time for the process fluid 152; and a lessening
of the possibility of overheating the process fluid 152 in a particular region. This is
accomplished while maintaining a relatively "tight" tube-to-tube spacing and position 270 of the
thermosyphons 106 in the burner chamber 112 which is required for adequate gas side heat
transfer. Fig. I1 illustrates a perspective view, partly in section, of the arrangement of Fig. 9.

Other advantages of the invention include the ability to provide between two and three
times the process fluid 152 side (condenser ends 142) heat transfer area as a conventional fire
tube arrangement in the same volume within the process fluid tank or vessel 150, 190. When
the different orientations of the thermosyphon condenser ends 142 are used, they have the effect
of allowing the process fluid 152 to freely move about the thermosyphons 106 to release heat.
Meanwhile, the close bundle of the thermosyphons 106 in the burmner chamber 112 forces the hot
combustion gases 140 to travel in a tortuous path around the thermosyphon evaporator ends 104,
releasing their heat to the thermosyphons 106 as the gases move toward the exhaust chamber 136
and out exhaust stack 138.

Since the apparatus 100 is designed for the controlled heating of process fluids 152,

means must be provided for controlling the heat input into the process fluid 152 to achieve a
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desired process fluid temperature. As schematically indicted in Figs. 3 and 5, burner controller
means 300 may be provided for this purpose, operatively interconnected via lines 302 and 304
to the gas valve means 126 and a first temperature sensor 306, respectively. The burner controller
means 300 may advantageously be microprocessor based, and provided with means for inputting
and changing particular temperature setpoints Tsgpone by @ human operator. To accomplish the
task of controlling a bulk temperature T, « of the process fluid 152, a second temperature sensor
310 would be provided, connected to the burner controller means 300 via line 308, for providing
a signal representative of a sensed bulk fluid temperature Tg, « of the process fluid to the burner
controller means 300. The bumer controller means 300 advantageously further comprises means
for comparing Ty ¢ against preset upper Tyqqy and lower T, temperature setpoints, and would
then produce a control signal for controlling the bumner array 114 to maintain the sensed bulk
fluid temperature Ty,  of the process fluid 152 substantially within an operating range defined
by the preset upper Ty, and lower T, temperature setpoints based upon a result of said

comparison.

F urthc:r, it is envisioned that when a bumer array 114 as shown in Figs. 3-5 is utilized,
sequential and/or controlled firing of the burner elements 118 in the array 114 may be used to
maintain a particular temperature level within both the bumer chamber 112 and the process fluid
152. The burner elements 118 may be fired in a low-medium-high sequence, such as by
selectively firing one, two, three or more rows of burner elements 118 at a time, to control the
heat input into the bumer chamber 112 and achieve the desired sensed bulk fluid temperature
Teuwk of the process fluid 152. Proper control of the heat input into the process fluid also helps
prevent scaling and other fouling on the condenser side 142 of the thermosyphons 106. The fuel
input to each of the rows of burner elements 118 in the entire burner array 114 may thus be
individually controlled on a row by row basis by controlling gas valve means 126 operatively
associated with each row to reduce the number of active rows of burner elements 118 when the
temperature sensor 310 indicates the process fluid 152 is too warm, relative to a preset, upper
temperature setpoint Ty and to fire additional rows of bumner elements 118 when the process
fluid 152 is too cool, relative to a preset burner temperature setpoint, T oy. The value of Tygy

would generally be selected to be sufficiently different from T, to prevent unnecessary burner
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controller means 300 oscillations. Even if row by row control is used, the fuel flow from fuel
source 120 to an active row could still be modulated. Known temperature feedback control
system sensor and control elements may be used for this purpose.

Another type of control system approach which could be used with the bumer array 114
would be to modulate the fuel flow 120 to all of the burner elements 118 as a group by means
of the gas valve means 126, based upon a sensed temperature measured by the temperature
sensor 310. As above, when the sensed bulk fluid temperature TouLk exceeds or is below a preset
temperature setpoint level or value, the fuel flow 120 may be restricted or increased to all of the
buner elements 118 in the burner array 114 as a whole, to affect the heat output of the entire
burner array 114. Bumer controller means 300 would effect this result by controlling the gas
valve means 126 as needed.

In both types of temperature control system approaches, it is preferred that an outer
diameter outside surface temperature Top of the condenser ends 142 of the thermosyphons 106
is monitored by the temperature sensor 306, and that the measured value of Ty is compared to
a preset temperature setpoint limit T, . The particular value of Tararm Would be selected to
be greater than Tyygy So that the normal bumner modulating features of the burner controller 300
which occur as it attempts to maintain Teuik within the desired operating range would not be
affected. However, when the sensed temperature Top exceeds the preset temperature setpoint
Tawarms the burner controller 300 would act to shut down all of the burner elements 118 in the
burner array 114 to prevent scaling and fouling of the condenser ends 142 of the thermosyphons
106. In this case, burner controller means 300 would effect this result by controlling the gas
valve means 126 to shut off the flow of fuel 120 to the burner array 114. While temperature
sensor 306 is shown in Figs. 3 and 5 as being on a condenser end 142 of a lowermost
thermosyphon tube 106, it is understood that the temperature sensor 306 could be located on any
condenser end 142 of any thermosyphon tube 106.

In addition to the means for controlling the heat input into the process fluid 152, control
of cold end corrosion on the evaporator ends 104 can also be achieved via the bumer control
means 300. As schematically indicated in Figs. 3 & S, the burner control means 300 may also

perform this function, being operatively interconnected via line 302 to the gas valve means 126
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and via a line 312 to a third temperature sensor 314 located on at least one of the evaporator ends
104. Generally, this will be the row of thermosyphon tubes 106 furthest away from the burner
array 114 but the temperature sensor means 314 may be located on any evaporator end 104 of
any thermosyphon tube 106. Since the burner control means 300 is advantageously
microprocessor based, means for inputting and changing any of the particular temperature
setpoints Tsgronr by @ human operator can readily be provided. Thus, temperature sensor means
314 would provide a signal representative of a sensed evaporator end 104 outside metal
temperature Tgy,, which would be conveyed via line 312 to the burner control means 300.
Burner control means 300 would then compare the sensed outside metal temperature Tgyap

against a preset temperature setpoint Toews Which corresponds to the water or sulfuric acid
dewpoint temperature of the combustion gases in the burner chamber 112, and produce a control
signal as a result of that comparison. That control signal would be used to control the bumer
array 114 to maintain the sensed outside metal temperature Tgy,p the evaporator ends 104
substantially above the preset temperature setpoint Tpey to prevent cold end corrosion.

Determination of Tpew depends upon the moisture and sulfur content of the fuel gases burned
in the burner array 114, as illustrated in Fig. 12, which is taken from Chapter 19 of STEAM its
ceneration and use, 40" Edition, Stultz & Kitto, Eds., Copyright © 1992, The Babcock & Wilcox

Company, Barberton, Ohio, U.S.A. The ability of the burner control means 300 to maintain the

metal temperature Tgy,p Of the evaporator ends 104 above the Tpgw temperature setpoint will

prevent corrosion of these evaporator ends 104, thus preventing loss of thermal efficiency and

possible failure of the thermosyphons 106.

On a fuel consumed basis, the present apparatus is 1.5 to 2.5 times more
efficient than a fire tube heating system (75 to 85% efficiency for the invention,
versus 35 to 55% for a conventional fire tube heating system). For the same heat
input duty, the thermosyphons of the present apparatus have 2-3 times more surface
area than a conventional fire tube heater and yet they take up to 10 times less volume.
This allows for more room for product processing or storage within the process fluid
tank or vessel 150,190. The increased fuel efficiency means that less fuel will be

burned; burning less fuel means lower emissions. It is believed that the present
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apparatus, employing T-type or up shot burner elements 118, will produce 1.5 to 2.5
times less NOy and virtually zero CO for the same heat input duty. However, of
particular importance is the fact that the use of such burner elements 118, in
combination with the thermosyphon features of the present apparatus, allows the use
of casing gas (if available at the site) as the fuel input source 120. This provides
additional emission and fuel savings since the apparatus can use/burn a casing gas
which normally is vented to atmosphere, and at a reduced (1.5 to 2.5 times) rate of
consumption. Being able to utilize casing gas as the fuel input source 120 is a major
cost saving because casing gas is essentially "free" to the producers (oil/gas) at sites
as a normal byproduct of the oil extraction process.

While specific embodiments of the invention have been shown and described
in detail to illustrate the application of the principles of the invention, it will be
understood that the invention may be embodied otherwise without departing from such
principles. For example, the present invention may be applied to new construction
involving process fluid heating tanks or vessels, or to the replacement, repair, or
modification of existing process fluid heating tanks or vessels. Thus, in some
embodiments of the invention, certain features of the invention may sometimes be
used to advantage without a corresponding use of the other features. Accordingly,
all such changes and embodiments properly fall within the scope of the following

claims.
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CLAIMS

l. An apparatus for controlled heating of a process fluid, compfising:

a heater having a burner chamber, a bumer array in the burner chamber, and
means for providing combustion air to the bumner array;

a process fluid vessel for containing the process fluid;

a plurality of thermosyphons having evaporator ends and condenser ends, the
evaporator ends arranged in a closely spaced bundle within the bumer chamber in close
proximity to the burner array, the condenser ends extending into the process fluid vessel,
whereby the evaporator ends receive heat generated by the bumer array within the burner
chamber, and the heat is transferred through the thermosyphons to the condenser ends which are
arranged to release heat into the process fluid in the process fluid vessel; and

bumer controller means for controlling an amount of fuel supplied from a fuel
source to the bumer array in response to sensed temperatures, the burner controller means
operative to shut off a flow of fuel to the bumer array when a sensed temperature T,
corresponding to an outside diameter outside surface temperature of at least one of the condenser

ends of the thermosyphons extending into the process fluid vessel, exceeds a predetermined

setpoint temperature T, zu-

2. The apparatus for controlled heating of a process fluid according to claim 1,

wherein the heater further comprises preheat means for preheating the combustion air.

3. The apparatus for controlled heating of a process fluid according to claim 1,
wherein the burner array comprises a plurality of one of T-type bumers and up shot burners

arranged in aligned rows.

4. The apparatus for controlled heating of a process fluid according to claim 1,

wherein the condenser ends of the thermosyphons are arranged in wider spaced apart arrays



10

I
(9]}

-17-

within the process fluid vessel, relative to a spacing of the evaporator ends of the thermosyphons

in the burner chamber, to produce a wide open, spread-out configuration of the condenser ends.

5. The apparatus for controlled heating of a process fluid according to claim 1,
further comprising transition means for sealing the process fluid vessel from the bumer chamber
such that only the thermosyphons connect an interior of the bumer chamber to an interior of the
process fluid vessel, the transition means including a transition box connected between the
burner chamber and the process fluid vessel and located around the thermosyphons, the transition
box having at least one divider plate for dividing the transition box and separating the process
fluid vessel and burner chamber, the divider plate having sealing means for making a sealed

connection with the thermosyphons passing through the divider plate.

6. The apparatus for controlled heating of a process fluid according to claim 35,
wherein the sealing means comprises a plurality of threaded collars, each collar sealedly
connected around one of the plurality of thermosyphons, each threaded collar inserted through

and making a sealed threaded connection with the divider plate.

7. The apparatus for controlled heating of a process fluid according to claim 5,
wherein the sealing means comprises a plurality of collars, each collar positioned around and

sealed to one of the plurality of thermosyphons, each collar inserted through and sealed to the

divider plate.

8. The apparatus for controlled heating of a process fluid according to claim 5,

wherein the sealing means comprises a seal weld between each one of the plurality of

thermosyphons and the divider plate.

9. The apparatus for controlled heating of a process fluid according to claim I,
further comprising means for providing a signal representative of a sensed bulk fluid temperature

Touk of the process fluid to the burner controller means, means for comparing Ty« against
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preset upper Ty, and lower T\ oy, temperature setpoints, and means for controlling the burner
array to maintain the sensed bulk fluid temperature Ty« Of the process fluid substantially within
an operating range defined by the preset upper Tygy and lower T ow temperature setpoints based

upon a result of said comparison.

10.  The apparatus for controlled heating of a process fluid according to claim 1,
further comprising means for providing a signal representative of a sensed evaporator end outer
metal temperature Tgy,, Of the thermosyphons to the burner controller means, means for
comparing Tgy,p 2g2inst a preset Tpgy temperature setpoint, and means for controlling the burner
array to maintain the sensed evaporator end outer metal temperature Tevap of the thermosyphons

substantially above the preset Tpgy temperature setpoint based upon a result of said comparison.

11.  The apparatus for controlled heating of a process fluid according to claim 1,
further comprising: plural burner elements in the burner array; gas valve means operatively
associated with all of the plural burner elements for modulating the amount of fuel supplied to
all of the plural burner elements in the burner array as a whole; and wherein the burner controller

means controls the gas valve means to modulate the amount of fuel supplied to the burner array

as a whole in response to the sensed temperatures.

12.  The apparatus for controlled heating of a process fluid according to claim 1,
further comprising: plural rows of burner elements in the burner array; gas valve means
operatively associated with each row of burner elements for modulating the amount of fuel
supplied to each row; and wherein the burner controller means selectively controls the gas valve
means for each row to individually modulate the amount of fuel supplied to each row of burner

elements in the burner array in response to the sensed temperatures.

13. An apparatus for controlled heating of a process fluid, the
apparatus being substantially as herein described with reference to and as illustrated

in any one or more of Figs. 3 to 12 of the accompanying drawings.



o
Offy "
\ Y
CC g,&- }l
9 -
INVESTOR IN PEOPLE
Application No: GB 9825841.1 Examiner: Kalim Yasseen
Claims searched: 1-13 Date of search: 12 February 1999

Patents Act 1977
Search Report under Section 17

Databases searched:

UK Patent Office collections, including GB, EP, WO & US patent specifications, in:
UK CI (Ed.Q): F4U (U25A, U25B); F4S (SX2)
Int Cl (Ed.6): F28D 15/02, 15/04, 15/06
Other:  Online: EPODOC, PAJ, WPI

Documents considered to be relevant:

Category| Identity of document and relevant passage Relevant
to claims
X | GB2091755 A (FOSTER) see page 3 lines 88-99 and figure 3 for at Jeast 1
chamber 138 with heat pipes 154
A |GB1589730A  (WESTINGHOUSE) an example of a heat pipe
with temperature control means
X | EP0141529 A2 (GATTLIN) see figure 3 for oil and water emulsion T
treating apparatus using heat pipes 38
A | CH681044 A (GNOSIS) see online abstract (WPI), an example of
a heat pipe with temperature control means,
Accession No 93-027427 [04]
A | JP4281119 A (MATSUSHITA) see online abstract (PAJ), an
example of a heat pipe with temperature control
means
X  Document indicating lack of novelty or inventive step A Document indicating technological background and/or state of the art.
Y Document indicating lack of inventive step if combined P Document published on or after the declared priority date but before
with one or more other documents of same category. the filing date of this invention.
E Patent document published on or after, but with priority date earlier
&  Member of the same patent family than, the filing date of this application.

An Executive Agency of the Department of Trade and Industry



