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@ Compact combustion apparatus.

@ A compact combustion apparatus 12 comprises a plural-
ity of radially aligned combustors 18 surrounding a central
fan 22, The fan 22 draws in air from the outside and provides
the air for primary and secondary combustion as well as for
cooling the gases of that combustion. Each combustor 18
receives the air forced from the central fan 22 by means of an
annular passage 60 formed between the outer shell 4 of the
combustor 18 and its liner 52. The outside air travels
countercurrent to the flow of the combustion gases and
serves to cool the combustor liner 52 and outer shell 34 of
each combustor 16. In turn, that outside air is heated as it
passes through the annular passage so that it is warmed
before being introduced into combustion chamber {or zone)
34 of each combustor 18 to be mixed with atomized liquid
fuel supplied from the respective nozzle 84 to form a
combustib! mixture. Various holes 94 in the combustor liner
52 allow the air to enter a secondary combustion chamber
{or zone) 56 as well as a dilution chamber (or zone} 58 to cool
the gases of combustion for later use in transferring heat for
various uses. In a preferred embodiment, the mixed combus-
tion gases and outside air are passed through a heat
exchanger 16 to utilize that heat to vaporize a liquid
cryogenic substance such as nitrogen.
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COMPACT COMBUSTION APPARATUS

This invention relates to combustion apparatus and particularly
to industrial combustion apparatus of the type wherein a liquid-
fuel is burned in a combustion chamber in order to derive the

heat from the combustion gases for a useful purpose.

Such apparatus may serve a variety of purposes, such as
industrial heating, boilers and also in the field to which the
present invention is particularly suited, i.e. vaporizers for
converting a liquid cryogenic substance such as liquid nitrogen
into vapour to be used for various industrial applicatious

including the servicing of oil wells.

In such applications as a vaporizer, the unit is generally
required to be shipped to various locations and thereafter
continually moved as its needs arise. One of the features
desired of such equipment, is that it be compact and light so
that movement is facilitated.

On the other hand, to achieve lightness and compactness, one
does not want to sacrifice combustion intensity, that is, the
unit, to be optimum, must still have a high combustion intensity
in the light weight package.
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A further advantage sought is the ability to control the
turndown, or there preferably is some means by which the flame
intensity, and thus overall heat generated for use, be variable
such that the intensity may be reduced as the load or liquid

cryogenic substance to be vaporized is correspondingly reduced.

It is an aim of the invention, which is defined in the appended
claims, to provide a relatively lightweight, compact combustion
apparatus that is particularly adapted to provide heat for
vaporizing a liquid cryogenic material, yet the apparatus is
capable of exhibiting a high combustion intensity.

This aim is achieved by virtue of the use of a plurality of
combustors, each having its own fuel nozzle, primary and
secondary combustion chambers, and dilution chamber or
ombustion chamber with primary and secondary combustion zones
and dilution zone. A centrally located fan supplies primary,
secondary and dilution air to all of the combustors that are
typically radially oriented around the fan. The central fan
typically delivers outside air into a cold plenum from which the
air 18 delivered to an annular passage surrounding each of the
combustors and thereafter travels along the length of each
combustor in a di%ection countercurrent to the flow of hot gases
in the combustor as those hot gases travel from the primary and
gsecondary combustion chambers, where burning occurs, to the
dilution chamber when the hot combustion gases are mixed and
cooled by air admitted through openings from the annular
passage. The hot gases typically continue from the dilution
chamber into a hot plenum where the heated gases are mixed for
delivery for some useful means. In a preferred embodiment of
the invention the heated gases are directed from the hot plenum
through a series of baffles in a diffuser section and into a
heat exchanger where they contact a tube bundle containing
liquid nitrogen (or other cryogenic liquid) to be vaporized,

before being exhausted by means of an exhaust plenum.

Owing the the nature of the central fan and countercurrent flow

of the outside air in each of the combustors, construction of
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a relatively compact unit is facilitated and, partly because of
the cooling by the outside air of the outer shell and liner it
employs, the combustor may be constructed of thinner gauge

steel, and thus less heavy materials than in conventional

combustors.

Also, the use of multiple combustors allows a wide turndown
range: since all of the combustors provide heated gases to a
common hot plenum, one or more of the cowbustors may be turned
off completely for effective control of the heat furnished, in

this case, to the heat exchanger.

The invention will now be described by way of example with

reference to the accompanying drawings in which:

Fig. 1, is an isometric view of an oll-fired vaporizer for

cryogenic liquids utilizing a combustion apparatus comstructed

in accordance with the present invention;

Fig. 2, is a cross—sectional side view of the vaporizer of
Fig-l; and

Fig. 3, 18 an enlarged cross—sectional side view of a typical

combustion chamber used in the vaporizer of Fig.l.

Turning first to Fig. 1, there is shown an isometric view of an
oll-fired vaporizer 10 for vaporizing cryogenic liquids such as
liquid nitrogen and which utilizes a combustion apparatus 12
designed in accordance with the present invention and which
further includes additional sections including a diffuser

section 14 and a heat exchanger 16, the function of which will
be later explained.

The combustion apparatus 12 will be described initially with

reference both to Fig.l and to Fig.2 wherein the combustion

apparatus 12 is shown in crogs—-section view.

In Fig.l, combustion apparatus 12 includes a plurality of

combustors 18 which extend outwardly from a main frame 20. 1In
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the preferred embodiment the main frame 20 is octagonal in shape
to accommodate elight combustors 18; however, more or less
combustors 18 may be used depending upon the requirements of the

particular heat generating apparatus.

Centrally positioned within the plurality of combustors 18 is a
fan 22 which draws in outside air to supply the same for primary
and secondary combustion as well as for dilution of the hot

combustion gases.

In Fig.l, two of the combustors 18 are shown in more detail, it
being understood that all of the combustors 18 are similar.
Those details include a fuel line 24 for supplying fuel oil for
burning inside the combustor 18. In addition, cable 26 supplies
electrical energy to an ignitor assembly 28. A flame detector
30 is used to monitor the presence or absence of a flame within

combustor 18.

Each combustor 18 has an end plate 32 and which is secured to

the outer shell 34 of each combustor 18 by a strap clamp 36.

Turning again to Fig.2, the fan 22 is powered by a hydraulic
motor 38 by means of a source of hydraulic fluid (not shown).
Fan 22 has a shaft (not shown) on which is mounted a fan blade
42 and supported by a support 44 holding fan 22 in its central
position with respect to combustors 13.

When fan 22 is operated, the blades 42 are angled to draw in
outside air and force that air in the direction of arrows 46

into cold plenum 48.

In the construction of combustor 18, shown in detail in Fig.3,
the outer shell 34 is cylindrical and is held firmly in position
by the frame 50 of combustion apparatus 12. Within the outer
shell 34 which is also c¢ylindrically shaped and coaxial
therewith, is a liner 52 constructed of a relatively thin (50
mil.) stainless steel and within which is contained (or defined)
a primary combustion chamber (or zone) 54, a secondary

combustion chamber (or zone) 56 where the hot gases from primary
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combustion chamber 54 are mixed with secondary air to complete
the combustion process. The gases thus proceed to dilution
chamber (or zone) 58 where the combustion gases are mixed with

and cooled by additional air.

The air for the combustion taking place in primary combustion
chamber 54, for completion of combustion in secondary combustion
chamber 56 and for dilution of the hot gases of combustion in
dilution chamber 58 is forced, by the fan 22, through cold
plenum 48 and thence into the annular passage 60 between liner
52 and outer shell 34 and which flow of air serves to cool the
liner 52 and outer shell 34. As noted in Fig. 2, the air passes
through the annular passage 60 in the direction of arrows 62.
Centrally located through end plate 32 is a fuel nozzle 64 which
receives the fuel from fuel line 24 (Fig.l) and sprays that fuel
into primary combustion chamber 54 for burning to produce heat.
The fuel nozzle typically may be of conventional coummercial
design as supplied by the Delavan Corporation Nozzle Model No.
27710-1 rated for fuel consumption of 50 lbs/hr. of JP4 fuel oil
at a supply pressure of 100 p.s.i.g. and which sprays out the
atomized fuel oil in the shape of a hollow cone at a total angle
of approximately 75° i»So about its central axis.

As shown in Fig.3, the outer surface 66 of the fuel nozzle 64 is
angled with respect to its central axis at approximately 30°
thereto, or converges at a total angle with respect to its

central axis of about 60° in the shape of a truncated cone.

Surrounding the fuel nozzle 64 is a circular shaped baffle plate
68 having a generally annular dished interior 70 and a central
opening 72. The inner lip 74 of the anmnular dished interior 70
is formed at an angle generally paralleling the outer surface 66
of fuel nozzle 64, thereby forming an annular frustrum opening
76 therewith.

The baffle plate 68 is coaxially mounted with respect to the
fuel nozzle 64 by means such as bolts 78 secured to end plate 32
by nuts 80 and held in its predetermined position with respect
to fuel nozzle 64 by spacers 82.
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In the preferred embodiment, three such bolts 78, spacers 82 and
nuts 80 hold the baffle plate 68 in its fixed position through
holes 84 in baffle plate 68 and a further hole 86 is formed in
baffle plate 68 for the ignition assembly 28.

As now may be seen in Fiés. 2 and 3, the flow of air for use in
the primary combustion chamber 54, secondary combustion chamber
56 and dilution chamber 58 proceeds as follows. The primary air,
or the air actually used in the initial combustion of the liquid
fuel passes through the annular passage 60 and enters plenum
chamber 88 through a plurality of openings 90 in liner 52. The
plenum chamber 88 is thus formed behind the baffle plate 68 and
a portion of air in that chamber leaks past the outer edge 92 of
the baffle plate 68 and provides some cobling to the inner
surface of liner 52 and protects liner 52 from direct action or

contact.by the combustion gases of primary combustion chamber
54.

Most of the air, however, from plenum chamber 88 passes through
the annular frustrum opening 76 to serve as primary air to
supply oxygen for the combustion of the liquid fuel. As noted,
the amnular frustrum opening 76 converges in the direction

of the primary combustion chamber 54 and travels toward and
impinges upon, the diverging hollow conical spray of liquid fuel
from fuel nozzle 64. Although the primary air has been
described as being delivered to primary combustion chamber 54 in
the shape of a converging annular frustrum, it should be noted
that other means of introducing the primary air from plenum
chamber 88 to the primary combustion chamber 54 may be used,
such as a plurality of openings, without departing from the
spirit of the present invention.

Secondary air is mixed with the hot combustion gases in
secondary combustion chamber 56 to complete the combustion
process and that air also is provided from annular passage 60 by
means of a plurality of openings 94 in liner 52, and still
further air is provided for the dilution chamber 58 wherein that
air is admitted from annular passage 60 by means of openings 96

to mix with the combustion gases to cool the same.
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In operation, therefore, the fuel is sprayed outwardly into the
primary combustion chamber 54 by the fuel nozzle 64 and is
atomized into small droplets in a predetermined pattern to
create, in certain zones, the combustible hixture of liquid fuel
and air when combustion can actually take place. The pattern
forms a zone 98 of such combustible mixture which is a
relatively stable, quiet zone protected by baffle plate 68 and
can readily be ignited by means of the ignitor assembly 28.

The ignitor assembly 28 may be of a conventional spark type of

ignitor where a high voltage spark causes ignition of the liquid

fuel/air mixture in zone 98.

Once ignited, the flame maintains a stable position as it
receives the primary alr, secondary air and additiomal air for
dilution, all from annular passage 60, passing in countercurrent

relationship to the hot gases of combustion.

As the outside air forced by fan 22 travels through annular
passage 64, it 1s heated as it in turn cools the liner 52 and
outer shell 34; thus the air is heated for better combustion as
it is introduced into and used to produce a combustible mixture
in primary combustion chamber 54. Thus, the same centrally
located fan 22 can supply alr to each of the radially mounted
combustors 18 that surround fam 22 and allow a compact design of

combustion apparatus 12.

The heated gases from dilution chamber 58 thereafter are mixed
together from the plurality of combustors 18 in a hot plenum
100 and thereafter in diffuser section 14 (Figs 1 and 2).

The mixed hot gases are thereafter passed through heat exchanger
16 where the heat is used for vaporizing the liquid cryogenic
substance. In the heat exchanger 16, there is a tube bundle 102
having an inlet 104 and an outlet 106 for receiviné and
discharging, respectively, liquid nitrogen and gaseous nitrogen
for various uses. Finally, the diluted combustion gases exit

the oil fired vaporizer 10 through exhaust plenum 108.
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CLAIMS

1. A compact combustion apparatus characterised in that it

comprises:

a fan adapted to draw outside air into a cold plenum

chanmber;

a plurality of combustors adjacent said fan, each of said
combustors having a cylindrical outer shell, surrounding

a combustion chamber, a cylindrical liner generally coaxial
with said outer shell and located internally thereof,

thereby forming an annular passage between said outer shell
and said liner;

said combustors further each having (or defining) a primary
combustion chamber (or zone) within said liner and adapted

to allow the burning of a fuel,a secondary combustion chamber
(or zone) for receiving gases from said primary combustion
chamber and a dilution chamber (or zone) for receiving gases

from said secondary combustion chamber;

means to introduce air from said cold plenum chamber into

each of said amular passages of each of said combustors;

means defining an opening in each of said liners to allow
air from said annular passage to enter said primary

combustion chamber and said dilution chamber, said air
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travelling in said annular passage to said opening means in
a direction countercurrent to the flow of gases from said

primary combustion chamber to said dilution chamber.

2. A combustion apparatus as defined in claim 1, characterised

in that said combustors are radially oriented about said
fan.

3. A combustion apparatus as claimed in claim 1 or claim 2,
characterized in that said outer shells and said liners are

constructed of steel of about 0.050 inch thickness.

4. A vaporiser for vaporising cryogenic liquid including

combustion apparatus as claimed in any one of the preceding
claims.
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