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ABSTRACT OF THE DISCLOSURE 

An internal combustion engine, at least one compressor 
attached to and driven by the engine, a combustor to 
which the exhaust of the engine is conducted along with 
gas and air which is burned in the combustor, a high tem 
perature air cooled heat exchanger having an inlet header, 
an outlet header, and ?nned tube communicating between 
the headers, the gas outlet from the combustor passing 
through the heat exchanger, a fan for passing ambient air 
between the ?nned tube for cooling the gas output of the 
combustor, a catalytic converter through which the gas is 
passed before passing to the compressor, high pressure 
inert gas being delivered at the compressor outlet. 

BACKGROUND, SUMMARY AND OBJECTS OF 
THE INVENTION 

An important use of high pressure inert gas is in the 
petroleum industry where such gas is utilized to assist in 
the recovery of petroleum. For a background on the 
method of manufacturing and the use of inert gas refer 
ence may be had to the following United States Pats. 
Nos.: 1,952,005; 2,392,711; 3,000,707; 3,232,885; and 
3,389,972. In addition, reference may be had to copend 
ing application S.N. 860,908 ?led Sept. 25, 1969, entitled 
“Apparatus for Manufacturing High Pressure Inert Gas,” 
now Pat. No. 3,579,308. 

In order for inert gas to be effectively utilized as a 
medium for injection into subterranean formation to aug 
ment the recovery of petroleum it is necessary that the 
gas be injected at high pressures which requires the gas 
to pass through a sequence of compression steps. At each 
step the effect of pressure increase raises the temperature 
of the gas. In addition, the gas is at a relatively high tem 
perature initially. The normal exhaust gas temperature 
from an internal combustion engine is approximately 
600° F. to 1,200° F. The exhaust gas is preferably passed 
through a combustor wherein fuel and air are mixed with 
the exhaust gas, and burned to provide a gas output from 
the combustor substantially free of oxygen. The gas out 
of such combustor usually has a temperature of 2,000° F. 
to 2,600" F. 

It has been a practice in the industry to utilize liquid 
cooled heat exchangers for reducing the temperature of 
the exhaust gas from an internal combustion engine, or 
from a combustor, and between compression stages, to 
keep the temperature of the gas from rising to an exces 
sive level. While liquid cooled heat exchangers function 
satisfactorily they do have several disadvantages. First, in 
many parts of the world wherein large quantities of pe 
troleum are produced, water is not readily available, par 
ticularly in large quantities, and more particularly at a 
quality satisfactory for use for cooling purposes. Some 
times it is necessary to run a water line for a long distance 
to provide cooling water for an inert gas injection system, 
materially increasing the cost of such system. Second, 
water cooled heat exchangers, by their nature, require 
a great deal of maintenance. Unless water is carefully 
treated it can soon build deposits on heat exchanger 
equipment which drastically reduces the heat transfer e?i 
ciency of the equipment. 

This invention provides means of eliminating the use 
of water cooled heat exchangers in an inert gas generating 
system. 
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Another problem with the existing systems for gen 
erating inert gas is that of providing high quality inert 
gas from an internal combustion engine. This invention 
provides means of controlling a combustor wherein the 
exhaust of an internal combustion engine is mixed with 
other fuel for complete combustion, including means of 
automatically obtaining the proper air mixture for achiev 
ing complete combustion. 

It is therefore an object of this invention to provide an 
improved apparatus for manufacturing high pressure inert 
gas. More particularly, an object of this invention is to 
provide an apparatus for manufacturing high pressure 
inert gas wherein the quality of the inert gas produced 
from an internal combustion engine exhaust is improved. 
Another object of this invention is to provide an ap 

paratus for manufacturing high pressure inert gas which 
does not require water cooling and which thereby elimi 
nates a major source of problems and di?iculties in the 
operation of known types of inert gas generating systems. 

Another object of this invention is to provide an ap 
paratus for manufacturing high pressure inert gas includ 
ing an internal engine and a combustor, including means 
of preventing air from being inadvertently draw into the 
system. 
These and other objects of the invention will be ful 

?lled by the apparatus to now be described in the follow 
ing speci?cation and claims, taken in conjunction with the 
attached drawing. 

DESCRIPTION OF THE DRAWING 

The ?gure is a schematic diagram showing an arrange 
ment of the apparatus of this invention for producing high 
pressure inert gas utilizing an internal engine and a com 
bustor, and in a manner wherein no cooling water is re 
quired. 

DETAILED DESCRIPTION 

Referring to the drawing, the numeral 10 indicates an 
internal combustion engine, which may be either a two 
cycle or four cycle type, having an output shaft indicated 
by the numeral 10A, an exhaust gas outlet 10B, and a 
fuel intake 10C. The engine 10 drives, among other com 
ponents, a ?rst stage compressor 12. In its simplest em 
bodiment only one stage of compression may be utilized 
but in the usual application a plurality of stages are in 
cluded. For purposes of illustration only a ?rst stage com 
pressor 12 and a second stage 14 are shown, it being 
understood that as many stages may be driven by engine 
10 as required for the speci?c application. 
The exhaust from engine 10 is fed into a combustor 16 

having an exhaust gas inlet 16A, a fuel inlet 163, an 
air inlet 16C, and a gas outlet 16D. In the combustor 
the exhaust from engine 10 is combined with fuel and 
air and burnt under conditions to achieve, as near as 
possible, complete combustion. Such serves two purposes: 
First, it completes the combustion of the exhaust from 
engine 10 to eliminate any carbon monoxide or free 
oxygen content therein, and second, it furnishes addi 
tional inert gas for the system. 
Gas from combustor 16 is fed to a high temperature 

air cooled heat exchanger, generally indicated by the 
numeral 18. The heat exchanger 18 includes an inlet 
header 18A which receives the intake of gas from com 
bustor 16; an outlet header 18B; and ?nned tubes 18C 
extending between inlet header 18A and outlet header 
18B. A fan 18D, which may be, as illustrated, driven 
by engine shaft 10A, serves to pass ambient air through 
?nned tubes 18C to cool the gas ?owing therethrough. 
Gas ?owing out of heat exchanger 18C passes to the 
inlet 20A of a catalytic converter 20. From the catalytic 
converter outlet 20B the gas passes to a second air cooled 
heat exchanger 22 which, like ?rst exchanger 18, in 
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eludes an intake header 22A, an outlet header, ?nned 
tubes 22C, and fan 22D. In heat exchanger 22 the gas 
is again cooled and passed to inlet 24A of a scrubber 
24 and out scrubber outlet 24B. From the scrubber 24 
the gas passes to the intake 12A of compressor ?rst stage. 
Inert gas, which has been treated in the catalyst 22, 
cooled in ?nned tube heat exchangers 18 and 22, cleaned 
in scrubber 24, and pressurized in compressor 12, passes 
out through the compressor outlet 12B for use as high 
pressure inert gas. 
As previously stated,'the typical application of inert 

gas in the petroleum industry requires the use of multiple 
compressor stages. In the drawing one additional com 
pressor stage 14 is illustrated. Since each time gas is 
compressed heat is generated, successive compressor 
stages require the gas to be cooled between stages, other 
wise the gas temperature will become so high as to make 
it impractical to handle. Thus a third air cooled heat 
exchanger 26 is preferably utilized having inlet header 
26A, outlet header 26B, ?nned tubes 26C, and fan 26D 
all having the purposes previously described relative to 
the ?rst heat exchanger. From the exchanger outlet 
header 26B the gas is conducted to a separator 28 where 
in any solid or liquid contaminants are removed and the 
gas is passed to the intake 14A of second stage compres 
sor 14. At the outlet 14B of the second stage compressor 
high pressure inert gas is available. If the pressure at 14B 
is not suf?ciently high subsequent stages may be utilized 
and in the preferred arrangement an air cooled heat 
exchanger is used between each compressor stage. 

‘Fuel, from a source 30, is passed through fuel control 
valve 32 to the engine fuel inlet 100. In order to main 
tain the engine 10C at proper speed, to effectively drive 
the fans, compressors and so forth, and to automatically 
increase the fuel consumption as necessary to supply 
varying inert gas requirements, a governor 34 may be 
utilized. The governor controls fuel valve 32 to increase 
the ?ow of fuel to the engine 10 to maintain the engine 
speed. A fuel control valve 36 regulates the ?ow of fuel 
to combustor fuel inlet 16B. Such valve 36 may also be 
controlled by governor 34 so that when the governor 
actuates to increase fuel to the internal combustion en 
gine 10 to the fuel injection into combustor 16 is also 
increased to make certain that all of the combustible 
components of the engine exhaust are consumed in the 
combustor. 

In order to provide high quality inert gas it is impor 
tant that all portions of the system be maintained under 
positive pressure to prevent air being drawn into the 
system. Putting it another way, if all portions of the 
system are under positive pressure any leak which occurs 
will result in leakage of the gas, reducing only the quan 
tity of gas produced, and not result in the intake of air 
which would impair the quality of the gas produced. In 
order to maintain a positive pressure in combustor 16 
and in gas outlet 16B thereof, a supercharge 38 is utilized 
which, like other components of the system, may be 
driven from engine drive shaft 10A. Supercharger 38 
takes air in at 38A and discharges it, under compres 
sion, at outlet 38B. The air may ?ow directly from 38B 
to combustor air inlet 16C. In the illustrated arrange 
ment however, an air control valve 40 is provided which 
is regulated by a combustion analyzer 42. The gas at 
catalytic converter outlet 20B is sampled by the com 
bustor analyzer 42. The ?ow of air to combustor 16 is 
regulated accordingly. 

It can be seen that in the arrangement wherein the 
combustor 16 is utilized it is only necessary, to preserve 
the quality of the inert gas produced, to make sure that 
no air is drawn into the system from the combustor 
outlet 16D on through the balance of the system. For 
this reason the exhaust 10B of the engine 10 is not neces 
sarily under pressure. However, if combustor 16 is main 
tained above atmospheric pressure the same pressure will 
exist in exhaust 1013. This may normally interfere with 
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4 
the ef?ciency of engine 10. If necessary, air from super 
charger 38B may be directed to the air intake of engine 
10 so that it is supercharged to offset the back pressure 
of the exhaust to the combustor. 
As previously stated it is important to maintain a 

positive pressure in the system. That is, to provide an 
arrangement wherein ?rst stage compressor 12 does not 
pull a vacuum by the effect of gas drawn in through com 
pressor intake 12A. To make sure a vacuum does not 
occur a bypass valve 44 may be provided, connecting 
the outlet of compressor 12 back to the compressor inlet. 
The valve 44 is controlled by pressure at the combustor 
gas outlet 16D. When the pressure at combustor gas 
outlet 16D falls below a preselected pressure, which will 
always be above atmospheric pressure, valve 44 is open 
to cause gas to be recycled from the compressor outlet 
back to the compressor inlet to raise the pressure of gas 
at the compressor inlet. By this system a positive pres 
sure can always be maintained throughout the system 
from the combustor gas outlet 16D onward. 

It can be seen that the apparatus as described ful?lls 
all of the objectives set forth previously. It is important 
to note that the arrangement eliminates the necessity for 
use of water cooled heat exchangers. The ?nned tube 
heat exchangers 18, 22 and 26 are preferably of the high 
temperature type utilizing stainless steel or similar tubes 
having the ?ns bonded securely thereto rather than merely 
wrapped around as is utilized in lower temperature type 
?nned coolers. By way of illustration, the temperature at 
engine exhaust 10B may be in the range of 600° F. to 
1,200" F. The temperature at gas outlet 16D of the com 
bustor may be in the range of 2,000’ F. to 2,600° F. The 
temperature of the gas is reduced in heat exchanger 18 so 
that the temperature of the gas ?owing through the cat 
alytic converter may be in the range of l,0O0° F. to 
1,200" F. In second heat exchanger 22 the gas is further 
cooled so that the gas fed through scrubber 24 into the 
intake 12A of compressor ?rst stage 12 may be at ap 
proximately 130° F. Thus the temperature of the gas is 
reduced in the heat exchanger 18 and 22 from the rela 
tive high temperature as it leaves the combustor to the 
relatively lower temperature preparatory to enter into 
the ?rst stage of compression. This is achieved without 
utilization of liquid cooling and the problems attended 
therewith as previously discussed. 

iWhile the invention has been described with a certain 
degree of particularity it is manifest that many changes 
may be made in the details of construction and the ar 
rangement of components without departing from the 
spirit and scope of this disclosure. For instance, the am 
rangement of components may vary considerably such 
that only one of the heat exchangers 18 or 22 may be 
utilized. The scrubber 24 is not indispensable to the in 
vention in its simplest embodiment, and other re?nements 
described herein may, in many circumstances, be op 
tional. It is understood that the invention is not limited 
to the speci?c embodiment set forth herein for exempli~ 
?cation but is limited only to the scope of the attached 
claim or claims, including the full range of equivalency 
to which each element or step thereof is entitled. 
What is claimed is: 
1. Apparatus for manufacturing high pressure inert 

gas comprising: 
an internal engine having an output drive shaft, a fuel 

intake, and an exhaust; 
at least one compressor attached to and driven by said 

engine drive shaft, the compressor having an intake 
and an outlet; 

21 combustor having a fuel inlet, an air inlet, an ex 
haust gas inlet, and a gas outlet, said engine exhaust 
being connected to said combustor exhaust gas inlet; 

means of injecting air and fuel into said combustor, 
the fuel and exhaust from said engine being burned 
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to provide at the combustor outlet a gas low in free 
oxygen content; 

a high temperature air cooled heat exchanger having an 
inlet header, an outlet header, ?nned tubes communi 
cating between said outlet and inlet headers, and a 
fan for passing ambient air between said ?nned tubes, 
said inlet header having a gas inlet connected to said 
combustor gas outlet, and said outlet header having 
a gas outlet; 

a catalytic converter having an inlet and an outlet, the 
inlet communicating with said heat exchanger out 
let, and the outlet communicating with said com 
pressor inlet, high pressure inert gas being delivered 
at said compressor outlet. 

2. An apparatus for manufacturing high pressure gas 
according to claim 1 including: 

a supercharger having an air inlet and an air outlet, 
said air outlet being connected to said combustor air 
inlet, providing said means of injecting air into said 
combustor. 

3. An apparatus for manufacturing high pressure gas 
according to claim 2 including: 

an air valve means between said combustor air inlet 
and said supercharger air outlet; and 

a combustion analyzer connected to sample and respond 
to the chemical composition of gas passing out of 
said combustor outlet, said combustion analyzer in 
cluding means connected to said air valve means for 
controlling the rate of air injection to said combustor 
in response to chemical composition of gas passing 
out of said combustor. 
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4. An apparatus for manufacturing high pressure gas 
according to claim 1 including: 
means of maintaining positive pressure in said com 

bustor outlet and all parts of the apparatus through 
which gas subsequently passes to prevent air being 
drawn into the system. 

5. An apparatus for manufacturing high pressure inert 
gas according to claim 1 including: 

a second air cooled heat exchanger having an inlet 
header, an outlet header, and ?nned tubes communi 
cating between said inlet and outlet headers, and a 
fan for passing ambient air between said ?nned tubes, 
said inlet header having a gas inlet connected to said 
catalytic converter outlet and said gas outlet header 
connected to said compressor intake. 

6. An apparatus for manufacturing high pressure inert 
gas according to claim 1 including: 

a scrubber having an inlet and an outlet, the inlet con 
nected to said second heat exchanger outlet, and the 
outlet connected to said compressor intake. 
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