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57 ABSTRACT 

A hot gas process and apparatus for extraction of 
highly viscous oil from subterranean deposits which 
employs a rocket engine for generating hot gases 
which are conveyed into the interior of the oil well to 
heat the oil deposits. The rocket engine is supplied 
with compressed air and fuel through a control unit to 
regulate the pressure of the exhaust gases exiting from 
the engine. A back-pressure control valve and an ori 
fice metering valve are connected in the exhaust con 
duit between the engine and oil well to control the 
pressure and flow of the exhaust gases into the well. A 
plurality of automatically controlled heat exchangers 
and cooling units are connected with the back 
pressure control valves exhaust gas conduit, and ori 
fice metering valve to maintain the exhaust gas tem 
perature and back pressure at desired predetermined 
levels for high temperature operation, resulting in 
highly efficient operation and a low fuel consumption. 

8 Claims, 12 Drawing Figures 
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1. 

HOT GAS APPARATUS FOR RECOVERY OF OIL 
VALUES 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 
The present invention relates to a process and appa 

ratus for recovering highly viscous oil from subterra 
nean deposits, and more specifically, to a process and 
apparatus utilizing a rocket engine for generating the 
hot gas conveyed into the oil well. The temperature and 
pressure values of the hot gas are accurately controlled 
to predetermined values by means of automatic flow 
control means operatively connected to heat exchang 
ers and controlled by means of automatic control sys 
teins. 

2. Description of the Prior Art 
The recovery of highly viscous oil from subterranean 

deposits has long been a problem in the oil industry. Of 
tentimes it is not economical to use conventional oil 
well pumps to pump the highly viscous oil to the ground 
surface since it is very difficult, if not impossible to ob 

w 

tain a reasonable flow rate due to the high viscosity of 
the oil. 

It is old and well known in the petroleum art that heat 
reduces the viscosity of the oils. Accordingly, many 
proposals have been made for applying heat to subter 
ranean oil deposits for heating the oil to reduce the vis 
cosity thereof prior to pumping the oil to the surface. 

Many different processes and devices have been pro 
posed for supplying the necessary heat to the subterra 
nean oil deposits for heating the oil to reduce its viscos 
ity. Some of the earlier proposals have been to connect 
the exhaust pipe of an internal combustion engine with 
a pipe extending into the well to convey the hot exhaust 
gases into the oil deposit for the purpose of heating the 
oil to reduce its viscosity. More recently, it has been 
found that the use of gas turbine engines for generating 
the desired hot gases, as taught by U.S. Pat. No. 
3,522,843 to New can be used with greater efficiency. 

One of the most recent developments has been the 
use of a heated gas generating system employing a 
heater having an insulated combustion chamber into 
which the desired air and fuel are conveyed and ignited 
with the hot gases obtained from the ignition of the air 
fuel mixture being conveyed directly into the oil well. 
Such a system is shown in U.S. Pat. No. 3,605,885 to 
Leeper. 
The major drawback of the prior art processes and 

devices for supplying heated combustion gases into oil 
bearing strata for the purpose of reducing the viscosity 
of the oil deposit has been the inability to accurately 
control the temperatures and pressures of the exhaust 
gases supplied to the oil deposit to obtain a highly effi 
cient operation of the exhaust gas generating system. 
The prior art systems merely generate the hot gases and 
convey the hot gases directly into the oil well. Further 
more the structures of the prior art proposals are gener 
ally of a stationary nature and have a very high rate of 
fuel consumption. 

SUMMARY OF THE INVENTION 
The present invention overcomes many of the disad 

vantages of the prior art hot gas processes and devices 
for recovering high viscosity oil from subterranean de 
posits by employing a continuous combustion rocket 
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engine for generating the hot gases with sufficiently 
high pressure and temperature necessary to obtain an 
efficient heating of the subterranean oil deposit and re 
covery thereof. 
The process and apparatus of the subject invention is 

adapted for operation on low cost jet engine fuel and 
is designed to be supplied with a high volume of com 
pressed air which greatly reduces the amount of fuel 
required to obtain high temperature exhaust gases. The 
use of the high volume of air in combination with the 
high temperature exhaust gases also enables the pro 
cess and apparatus according to the present invention 
to be used to initiate fire flood conditions within the in 
terior of an oil well, if necessary to aid in recovery of 
the oil deposits. 
The present invention further includes control valves 

and heat exchanger means connected in the exhaust 
gas conduits for automatically and accurately regulat 
ing the temperatures and pressures of the exhaust gases 
as required to obtain an efficient operation of the sub 
ject system. 
The structure of the present invention is generally 

self-contained so that the system can be mounted as a 
self-contained mobile unit on a trailer for easy trans 
portation to the desired oil well site. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic diagram of the present inven 
tion showing the piping interconnections used there 
with. 
FIG. 2 is an electrical circuit diagram of one type of 

commercially available fuel control proportioning unit 
which can be used with the present invention. 
FIG.3 is a diagrammatic fragmentary side elevational 

view of a mobile apparatus of the present invention for 
oil production. 
FIG. 4 is an enlarged transverse sectional view, taken 

on the line 4-4 of FIG. 3. 
FIG. 5 is an enlarged fragmentary rear elevational 

view of the apparatus of FIG. 3, taken on the line 5-5 
of FIG. 4. 

FIG. 6 is an enlarged fragmentary elevational view, 
partly in seciton, of one of the jacketed valves used 
with the apparatus of FIG. 1. 
FIG. 7 is an enlarged fragmentary vertical sectional 

view through the rocket engine used with the apparatus 
of FIG. 1. 

FIG. 8 is an enlarged plan view of a coolant injector, 
partly in seciton, employed with the rocket engine 
taken on the line 8-8 of FIG. 7. 

FIG. 9 is an enlarged vertical sectional view of the in 
terior of the rocket engine, taken on the line 9-9 of 
FIG. 7. 
FIG. 10 is an enlarged fragmentary vertical sectional 

view of the air and fuel injection chamber of the rocket 
engine of FIG. 7, according to the present invention. 
FIG. 11 is an enlarged fragmentary vertical trans 

verse sectional view taken on the line 11-11 of FIG. 
60 
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10. 
FIG. 12 is a fragmentary vertical transverse sectional 

view taken on the line 12-12 of FIG. 10. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

The preferred embodiment of the present invention 
will now be described with reference to FIGS. 1 and 3 
of the drawings. A constant combustion rocket engine 



3 
2 is used to generate the hot exhaust gases conveyed 
into an oil well W and oil deposit 0, shown in FIG. 3. 
The internal structural details of the rocket engine 2 
are shown in FIG. 7 and will be described hereinafter. 
A fuel-air inlet conduit 4 is connected to one end of the 
rocket engine 2 for supplying fuel and air to the com 
bustion chamber of the engine 2 from a fuel supply 
source and a source of compressed air. 
A fuel supply conduit 6 and a compressed air conduit 

7 are connected to the fuel-air inlet conduit 4 by means 
of a T-fitting 10, as shown in FIG. I. The fuel supply 
conduit 6 has two separate fuel lines connected there 
with. One fuel line 12 is connected to a source of start 
ing fuel, such as LP gas, also known as Propane gas, 
through a control valve 14 with a second line 16 being 
connected to a source of operating fuel, such as jet en 
gine fuel, known as JP4 jet fuel, contained in storage 
tank 18. A suitable control valve 29 is connected in the 
operating fuel line 16 is operatively connected to an au 
tomatic fuel control proportioning unit 22 for regulat 
ing the amount of fuel being supplied to the rocket en 
gine 2 during operation of the system of the present in 
vention. 
A circuit diagram of one type of automatic fuel con 

trol proportioning unit 22 which may be used with the 
system of the present invention is illustrated in FIG. 2. 
This automatic proportioning control unit is a commer 
cially available unit identified as 

Model R 7161 F (N). 
This specific control unit does not form a part of the 

present invention and any commercially available 
equivalent proportioning control unit or system may be 
used. 
The fuel storage tank 18 is pressurized by a suitable 

pressurizing pump 24, driven by an electric motor 26, 
and connected to the operating fuel storage tank 18 by 
means of a conduit 28 to maintain a supply of fuel to 
the rocket motor 2 at the required pressure for efficient 
operation. A fuel by-pass line 30 is connected between 
the supply line 16 and the return port of pump 24 to re 
circulate the fuel through the tank 18 when the control 
valve 20 is closed. 
The compressed air conduit 7 for supplying com 

pressed air to the rocket engine 2 is connected to a 
compressed air storage tank 8, which, in turn, may be 
supplied with compressed air from an air compressor 9. 
A one-way check valve 11 is connected in the com 
pressed air conduit 7 between the storage tank 8 and 
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the T-fitting 10 to prevent the flow of pressurized fuel 
back into the compressed air tank 8. 
The exhaust port of the rocket engine 2 is connected 

to an exhaust gas conduit 32 for conveying the hot ex 
haust gases to the oil well W. The opposite end of the 
exhaust pipe 32 is connected to a well pipe 34 which 
extends into the well bore W, as shown in FIGS. 1 and 
3 of the drawings. As shown in FIG. 3 the open end of 
the well pipe 34 opens into the subterranean oil deposit 
O. The end of the well pipe 34 extending into the oil de 
posit O can be perforated, if desired, to increase the 
flow of hot exhaust gases into the oil deposit O. The 
walls of the well bore W are prevented from collapsing 
by means of a conventional well jacket 36. 

Referring again to FIG. 1 jacketed back pressure 
control valves 38 and an orifice metering device 40 
which may be a valve or other similar means, are con 
nected in the exhaust gas conduit 32 for controlling the 
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4 
pressure and flow of the exhaust gases from the engine 
2 to the well pipe 34. 
The present invention employs two separate cooling 

systems for automatically and accurately maintaining 
the temperature of the hot exhaust gases of the rocket 
engine 2, and the temperature of the back pressure 
control valves 38 and orifice metering device 40 at the 
desired values necessary to maintain an efficient high 
temperature operation of the overall system. The first 
cooling system, a large capacity system, is connected to 
the rocket motor 2 and to each of the flow control 
valves 38, while a second, smaller capacity system is 
connected to the exhaust gas conduit 32 and the orifice 
control means 40. The details of the two cooling sys 
tems will now be described with reference to FIG. of 
the drawings. 
The large capacity cooling system includes a large 

cooler 42 connected with cooling jackets 44 and 46 of 
the rocket motor 2 by a hot coolant return conduit 48. 
The first cooling jacket 44 surrounds the fuel and air 
inlet injection portion of the rocket motor 2. The sec 
ond cooling jacket 46 surrounds the combustion cham 
ber portion of the motor 2. The structural details of the 
rocket motor 2 and the cooling jackets 44 and 46 will 
be explained more fully hereinafter with reference to 
FIG. 7. Control valves 52a and 52b are connected in 
conduit 48 to control the flow of coolant from cooling 
jackets 44 and 46 of the rocket engine 2 to the large 
cooler 42. 
The large capacity cooler 42 is also connected to the 

back pressure control valves 38, the internal details of 
which will be described more fully hereinafter with ref 
erence to FIG. 6, through a second hot coolant return 
conduit 50. A second set of coolant flow control valves 
54a and 54b are connected between the back pressure 
control valves 38 and conduit 50 for controlling the 
coolant flow from valves 38 to the cooler 42 to regulate 
the temperatures of the valves 38. 
The cooled liquid coolant passes from the large 

cooler 42 into a reservoir tank 56 through a conduit 58. 
If desired, the reservoir tank 56 may be constructed in 
tegrally with the large capacity cooler 42. thereby elim 
inating the need for a separate return conduit 58. The 
cooled liquid coolant is conveyed to the cooling jackets 
44 and 46 of the rocket engine 2 and to the back pres 
sure control valves 38 through conduits 60a and 60b, 
respectively, by means of pump 62. If desired, an 
additional flow control valve 64 may be connected in 
the cooled liquid conduit connected with the cooling 
jacket 44 for the engine air and fuel injection chamber 
to aid in controlling the fluid flow therethrough. 

Referring now to FIG. 6, the construction of the liq 
uid cooled back-pressure control valves 38 will now be 
described. Each of the valves 38 has a coolant cavity 66 
formed by a plurality of rigid walls 68 surrounding the 
central conduit portion 70. The central conduit portion 
70 has a flange 72 attached to each end thereof for cou 
pling the valve assembly 38 to the exhaust gas conduit 
32 by any suitable means, such as threaded studs 73a 
and nuts 73h. The coolant is supplied into the cavity 66 
through coolant line 60b and attached to one wall of 
the housing by means of a fitting 74. The hot coolant 
is returned to the cooler 42 through return conduit 50 
which is connected to the cavity 66 through an opening 
and fitting 76 in a wall 68 positioned opposite the cool 
ant inlet fitting 74. The valve control mechanism 78 ex 
tends through cavity 66 into the central conduit portion 
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70 to regulate the flow of exhaust gas through the ex 
haust gas pipe 32 by means of the automatic control 
system to be described hereinafter. 
By providing the cooling jacket 68 around the flow 

control valve 38, the temperature of the flow control 
valve is maintained at a temperature which insures ac 
curate control and operation of the valve 38 and, ac 
cordingly, the flow of exhaust gases therethrough. 
The internal construction of the rocket motor 2, in 

cluding the structural details of the cooling jacket 44 
and 46 thereof, will now be described in detail with ref 
erence to FIGS. 7-12 of the drawings. Referring specif 
ically now to FIG. 7, the rocket motor 2 is constructed 
in two sections, including a fuel-air inlet, mixing and 
injection section 80 and a combustion chamber and ex 
haust section 82. The sections 80 and 82 of the rocket 
motor 2 are joined together by means of flanges 84 and 
86, which may be held in assembled relationship by any 
conventional means, such as a plurality of threaded 
studs 88 and nuts 90. Alternatively, the two flanges 84 
and 86 may be welded together, if desired. An "O" ring 
seal 92, or other suitable seal means is positioned be 
tween the two flanges 84 and 86 to assure a fluid tight 
seal therebetween. 
As shown in FIG. 7, the fuel-air mixing and injection 

section 80 includes a fuel-air mixing and injection noz 
zle assembly 94, the details of which will be described 
more fully hereinafter with reference to FIGS. 10-12. 
The fuel-air mixing and injection nozzle assembly 94 is 
attached to and extends through an opening in the 
flange 84 to inject a fuel-air mixture into the combus 
tion chamber section 82. The cooling jacket 44 for the 
engine air - fuel mixing and injection section 80 is seal 
ingly joined to the flange 84 and surrounds the fuel-air 
mixing and injection nozzle assembly 94. The cooling 
fluid inlet conduit 60a is attached to the cooling jacket 
44 by any suitable means, such as a threaded pipe fit 
ting 96. The cooling liquid is distributed into the inte 
rior of the cooling jacket 44 by means of a fluid distrib 
utor 98, which is shown in detail in FIG. 8. 
Referring now to FIG. 8 the cooling fluid distributor 

98 consists of a tubular conduit 100 having one end 
formed at right angles to the longitudinal axis of the 
tube for connection with the inlet pipe fitting or con 
necting member 96. The other end of the tubular con 
duit 100 has a plug 102 rigidly secured therein, with the 
plug having an opening 104 therethrough to allow the 
cooling liquid to flow from the end of the conduit 100. 
In addition to the opening 104 in the plug located in the 
end of the tubular conduit 100, a plurality of openings 
104 are located along the length of the conduit 100 to 
provide for distribution of the cooling liquid along the 
entire length of the chamber formed by the cooling 
jacket 44 to provide for even cooling of the elements 
of the fuel-air injection section 80. 

Referring again to FIG. 7, the combustion chamber 
and exhaust section 82 of the rocket motor 2 includes 
a cylindrical shaped combustion chamber 106 having 
one end thereof secured to the mounting flange 86 and 
opening therethrough for communication with the fuel 
air mixing and injection nozzle assembly 94 of the fuel 
air injection section 80. The down-stream exhaust end 
of the combustion chamber 106 has a tapered portion 
108, to which is connected one end of a tubular exhaust 
conduit 110. The opposite end of the exhaust gas con 
duit 110 is attached to a coupling flange 112 which has 
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an opening therethrough for connection with the ex 
haust conduit 32. 
The combustion chamber cooling jacket 46 is of a 

generally cylindrical configuration having its ends seal 
ingly secured to the coupling flanges 86 and 112, re 
spectively, as shown in FIG. 7. The cooling fluid inlet 
conduit 60a communicates with the interior of the 
combustion chamber cooling jacket 46 by way of pipe 
fitting 114 extending through the cooling jacket 46 at 
the end thereof adjacent the exhaust pipe coupling 
flange 112. A cooling fluid distributor 160 is positioned 
within the cooling jacket 114 and communicates with 
the coolant inlet conduit 60a to distrubute the coolant 
liquid within the interior of the cooling jacket 46 in the 
same manner as the coolant fluid distributor 98 posi 
tioned within the cooling jacket 44 of the fuel-air mix 
ing and injection section 80. The construction and con 
figuration of the cooling fluid distributor 116 is the 
same as that of the fluid distributor 98, shown in detail 
in FIG.8. Accordingly, no further detailed explanation 
of the structural details of the cooling fluid distributor 
116 is required. 
The cooling fluid return conduit 48 is connected with 

the cooling jacket 46 by way of pipefitting 114 or other 
desired means at a point adjacent the flange 86. By ar 
ranging the cooling fluid inlets and outlets in the com 
bustion chamber and exhaust section 82 in the manner 
shown and described a counter-flow relationship be 
tween the hot combustion exhaust gases within the 
combustion chamber 106 and tubular exhaust gas con 
duit 110 and the cooling fluid within the engine com 
bustion chamber cooling jacket 46 is obtained. This 
counterflow relationship results in a more efficient 
cooling of the combustion chamber 106 and more ac 
curate control and regulation of the exhaust gas tem 
peratures and pressure. 
As seen in FIG. 7 and 10 the cooling jackets 44 and 

46 include corregated sections 118 to compensate for 
the expansion and contraction of the cooling jackets as 
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a result of the high temperature differentials applied 
thereto to prevent possible damage to the jackets and 
motor structure and leakage thereof. 

Referring now to FIGS. 10-12 the structural details 
of the fuel-air mixing and injection section 80 of the 
rocket motor 2 according to the present invention will 
now be described. As shown in FIG. 10, the fuel-air 
mixing and injection assembly 94 includes two hollow 
cup-shaped members 120a and 120b attached to each 
other by any suitable means, such as welding, to form 
a closed chamber. One of these cupshaped members 
120 cup-shaped attached to the end of the fuel-air inlet 
conduit 4. The second cup-shaped element 120b is at 
tached to one end of a fuel-air mixture injection pipe 
134. The other end of the pipe 134 opens into the com 
bustion chamber 106 through an opening in flange 84 
for injecting the fuel-air mixture into the combustion 
chamber 106 of rocket motor 2. 
The end of the fuel-air inlet conduit 4 opposite the 

assembly 94 extends from the cooling jacket 44 and is 
attached to the T-fitting 10, as was described previ 
ously with reference to FIG. 1. Within the fuel-air inlet 
conduit 4 is positioned a fuel atomizing nozzle tube 
122. The end of the fuel inlet nozzle extending into the 
interior of the conduit 4 in the direction of the cup 
shaped members 120 has a plurality of holes 124 drilled 
therein for atomizing the fuel and mixing the fuel with 
the air in the conduit 4. The opposite end of the fuel at 
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omizing nozzle tube 122 extends through the T-fitting 
10 and is attached to a flange 126 for connection with 
the fuel lines 12 and 16. The fuel lines 12 and 16 are, 
in turn, attached to a second flange 128 and joined to 
gether at the flange 128 for communication with the 
fuel atomizing nozzle tube 122. 
The cup-shaped member 120a attached to the end of 

the fuel-air inlet conduit 4 has a baffle plate 130 posi 
tioned therein across its interior, as shown in FIG. 11. 
A plurality of holes or openings 132 are formed in the 
baffle plate 130 circumferentially around its center to 
obtain a complete mixing of the fuel and air and even 
distribution of the fuel-air mixture. The second cup 
shaped element 120b also has a baffle plate 136 posi 
tioned across the open end thereof, as illustrated in 
FIG. 12, with the baffle plate 136 having a plurality of 
holes or openings 138 positioned circumferentially 
around the center of the baffle plate 136. The holes in 
the baffle plate 136 are positioned radially inwardly of 
the holes 132 in baffle plate 130 to obtain a more effi 
cient transfer of the atomized and completely mixed 
fuel-air mixture into the combustion chamber 106 
through injection pipe 134. 
Extending through the interior of the cooling jacket 

44 into the end of the combustion chamber 106 is an 
igniter means 140, which may be any suitable spark 
generating device such as a spark plug or other type of 
igniting mechanism used to ignite the fuel-air mixture 
in a jet or rocket engine. The igniter means 140 extends 
into the interior of the combustion chamber 106 
through an opening 142 in the coupling flange 84 and 
is sealed therewith by a suitable sealing means 142 to 
prevent the entry of cooling fluid into the interior of the 
combustion chamber 106. The igniter means 140 is 
connected to a suitable electrical power source and 
control unit by means of electrical leads 144 in a well 
known conventional manner. 
Referring once again to FIG. 1, the second cooling 

system, including heat exchangers a cooler and control 
units for regulating the temperature of the engine ex 
haust gases flowing through exhaust conduit 32 and the 
temperature of the orifice control means 40 will now be 
described. The exhaust gas and orifice metering means 
temperature control system includes a plurality of heat 
exchangers 150a and 150h connected to the hot ex 
haust gas conduit 32 across the back-pressure control 
valves 38 through a first conduit 152 connected to the 
exhaust gas conduit 32 on the upstream side of the 
valve 38 and a second, or return conduit 154 con 
nected to the exhaust gas conduit 32 on the down 
stream side of the valve 38, as shown in FIG. I. Al 
though FIG. I shows two heat exchanger units 150a 
and 150b connected in series with each other, any num 
ber of heat exchanger units may be used, as long as the 
capacity of such units is sufficient to closely and accu 
rately control the temperature of the exhaust gases 
flowing therethrough. 
The heat exchangers 150a and 150b are connected in 

series with a pneumatic valve controller unit 156 for 
controlling the flow of exhaust gases through conduits 
152 and 154. The pneumatic valve control unit 156 is 
of a well-known, commercially available construction 
which can be preset to a desired temperature to main 
tain the temperature of the exhaust gases flowing 
through the heat exchanger 150a and 150b and the 
controller unit 156 at a desired temperature value. The 
controller unit 156 also has a pressure sensing port 
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56a which communicates with a pressure port 38a in 
one of the flow control valves 38 on the upstream side 
thereof. The pneumatic controller unit 156 is also re 
sponsive to the pressure in the exhaust gas conduit 32 
between the rocket motor 2 and the flow control valves 
38 to control the amount of exhaust gases being by 
passed around the valve 38 to maintain the exhaust gas 
back-pressure in the rocket motor 2 at a desired level. 
The maintainance of the desired back pressure level is 
continued as long as it is necessary to pressure up the 
oil formation O in the oil well W. 
A second set of heat exchanger units 160a and 160b 

are connected in series with each other and with the or 
ifice metering device 40, which may be in the form of 
a flow control valve. A flow meter 162 is connected in 
series with the second set of heat exchanger units 160a 
and 160b and the orifice metering device 40 to record 
the flow of exhaust gases therethrough. Valve means 
164 and 166 may be employed in series with the orifice 
metering device 40 to regulate the flow therethrough, 
if necessary. The pneumatic controller unit 156 and the 
flow meter 162 are readily commercially available de 
vices widely used in the industry for controlling and re 
cording the outputs of heat exchanger and temperature 
control systems. Any suitable devices or their equiva 
lents for accomplishing the desired results according to 
the present invention may be used. Accordingly, no 
further explanation of the structural or operational de 
tails of these components is required. 
As shown in FIG. 1 both sets of heat exchanger de 

vices 150a 150h and 160a, 160b are connected in par 
allel with each other and in series with a small capacity 
cooler unit 170 by way of conduits 172 and 174. A 
pump unit 176 and coolant reservoir 178 are con 
nected between the small cooler 170 and the coolant 
conduit 174 for circulation of the coolant fluid through 
the heat exchanger units 150a, 150b, 160b and the 
small capacity cooler unit 170. 

If desired, a flow control valve 180 may be connected 
between the heat exchanger units 150a, 150b, 160a, 
160b and the conduits communicating therewith, these 
connecting conduits being shown as connection mani 
folds 182 and 184 in FIG. of the drawings, so that the 
temperatures of the coolant fluid and the exhaust gases 
flowing through the heat exchanger units 150 and 160 
may be more accurately controlled. 
The system of the present invention illustrated in 

FIG. 1 is designed to be self-contained and is readily 
adaptable for mounting on a mobile trailer for easy 
movement from one location to another. A preferred 
embodiment of a mobile construction of the present in 
vention is shown in FIG. 3 and will now be described 
with reference to FIGS. 3-5 of the drawings. As seen 
in FIG. 3 the rocket engine 2 is rigidly mounted on a 
conventional semi-trailer chassis 200 for movement of 
the desired oil well location by a conventional semi 
trailer tractor or other applicable towing rig. The chas 
sis 200 has a set of wheels 202 attached to the rear por 
tion thereof in a conventional, well-known manner. A 
leveling jack assembly 204 is positioned under the front 
end of the trailer chassis 200 for leveling the chassis fol 
lowing its detachment from a towing vehicle. 

Referring now to FIG. 4, it will be seen that the 
rocket engine 2 is mounted on one side of the trailer 
chassis 200. On the side of the trailer chassis 200 oppo 
site the rocket engine 2 are mounted the heat exchang 
ers unit 150a, 150b, 160a and 160b. The heat ex 
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changer units are rigidly supported by means of a pair 
of rack rails 206 and 208, as shown in FIG. 5. 
The cooler units 42 and 170 and their associated 

components, including the reservoirs 56, 178 and 
pumps 62 and 176, are mounted on the rear portion of 
the trailer chassis 200 on the side opposite the engine 
2, as may be seen in FIG. 5. The flow meter recording 
unit 162 is also mounted on the side of the trailer chas 
sis 200 opposite the engine 2 for easy accessability. The 
various fuel control proportioning units and tempera 
ture controllers are also mounted on the chassis 200 for 
easy accessibility. w 

In addition the rocket motor 2, cooler units 42 and 
170, the compressed air storage tank 8, as well as the 
fuel storage tank 18, can also be mounted on the trailer 
chassis 200 so that the entire system can be transported 
to the oil well site. The mounting of the air and fuel 
storage tanks 8 and 18 on the trailer chassis 200 elimi 
nates the requirement of connecting and disconnecting 
these storage tanks to the exhaust gas generating unit 
each time the unit is moved to a new location. 
The operation of the preferred embodiment accord 

ing to the present invention will now be described in 
detail with reference to the drawings, specifically, FIG. 
1. 
The trailer 200, with the rocket engine 2 and each of 

the components of the system according to the present 
invention illustrated in FIG. 1 mounted thereon, is 
transported to the location of the oil well W which has 
previously been drilled. At the site of the well W, which 
may have a well casing or jacket 36, if required, a well 
pipe 34 is extended into the well W below the level of 
the oil deposit O, if such a well pipe has not been previ 
ously placed into the well W. The exhaust gas conduit 
32, having one end attached to the rocket motor is then 
connected to the well pipe 34 by a suitable connection 
means, such as a valve assembly 35 shown in FIG. 3. 
Each of the control units, including the fuel control 
proportioning unit 22, the pneumatic valve control unit 
156, and the flow unit meter 162, are checked and set 
to the required predetermined values. Starting fuel, 
such as propane or LP gas is then supplied to the fuel 
air inlet conduit 4 through the starting fuel supply line 
12 and the starting fuel control valve 14. Simulta 
neously, compressed air from the air storage tank 8 and 
air compressor 9 is supplied to the fuel-inlet conduit 
through the compressed air conduit 7 and one-way 
check valve 1 1. The fuel control proportioning unit 14 
then energizes the igniter device 140 to ignite the fuel 
air mixture in the combustion chamber 106 of the 
rocket engine 2. 
The rocket engine 2 is warmed up to a temperature 

of approximately 1,000F. When the engine 2 reaches 
the warm-up temperature of 1,000F, the control valve 
20 in the operating fuel supply line 16 is opened by the 
fuel control proportioning unit 22 to permit the flow of 
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shut off the supply of starting fuel to the rocket engine 
2. 
The hot exhaust gases generated by the combustion 

of the JP4 jet fuel and air mixture in the combustion 
chamber 106 exit the rocket engine 2 through the ex 
haust gas passage 110 into the exhaust conduit 32. The 
hot exhaust gases flow through the exhaust pipe 32, the 
back pressure control valves 38 and the orifice meter 
ing device 40 into the well pipe 34. The hot exhaust 
gases exit from the open end of the well pipe 34 and 
enter the subterranean oil deposit O to increase the 
temperature thereof and lower the viscosity of the oil 
to permit more efficient removal of the oil deposit. 
As the rocket engine 2 is generating hot exhaust 

gases, the coolant circulating pumps 62 and 176 circu 
late liquid coolant through the respective systems in 
which these pumps are connected. The coolant pump 
62 supplies coolant liquid from the reservoir 56 
through coolant supply conduits 60a and 60b to the 

20 jacketed back-pressure control valves 38 and to the 
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JP4 jet fuel from the fuel storage tank 18 into the fuel 
air inlet conduit 4. The JP4 jet fuel is atomized and in 
jected into the fuel-air mixing and injection nozzle as 
sembly 94 by the fuel atomizing nozzle tube 122. The 
atomized fuel is mixed with the compressed air entering 
the assembly 94 and is injected into the combustion 
chamber 106 of the rocket engine 2 through the mix 
ture injection pipe 134. 
When the sustained combustion of the jet fuel and air 

mixture in the combustion chamber 106 has been 
achieved the starting fuel control valve 14 is closed to 
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cooling jackets 44 and 46 of the rocket engine 2. 
The temperature of the exhaust gases flowing 

through the exhaust conduit 32 is accurately regulated 
by the heat exchangers 150a and 150b, with the flow of 
the exhaust gases being accurately measured by the 
flow metering device 40. The second cooling system, 
including the cooler 170 pump 176 and reservoir 178 
maintain the temperature of the exhaust gases being 
bypassed around the back-pressure control valves 38 
through conduits 152 and 154 at the desired preset 
temperature, determined by the control unit 156. 
When the back pressure control valves 38 are closed to 
obtain the predetermined back-pressure in the rocket 
engine 2, the exhaust gases bypass the valve 38 through 
conduit 152 and are circulated through heat exchanger 
unit 150b and continue to flow through the controller 
unit 156. The exhaust gases then flow from controller 
unit 156 into the heat exchanger unit 150a and return 
to the exhaust pipe 32 downstream of the valve 38 
through conduit 154. 
Controller unit 156 has a pressure sensing port 156a 

which is connected with a pressure-receiving port 38a 
located on the back pressure control valve unit 38 for 
actuating the valve 38 to control the back pressure in 
the rocket engine 2 to a preset level. The back pressure 
control of the exhaust gases by way of the control ports 
156a and 38a takes place as long as it is necessary to 
achieve the desired pressure in the oil formation O. 
The temperature of the orifice metering device 40 is 

accurately controlled by means of the heat exchanger 
units 160a and 160b which are connected to the small 
cooling unit 170, pump 176 and reservoir 178 in paral 
lel with the heating exchanger units 150a and 150b 
through connecting manifolds 182 and 184. 
By accurately controlling the temperature and back 

pressure of hot exhaust gases being supplied to a sub 
terranean oil deposit through the use of a plurality of 
a heat exchanger, cooling and automatic control units 
in the manner according to the present invention de 
scribed herein. a highly efficient hot gas process for the 
recovery of highly viscous oil from subterranean depos 
its can be achieved. Tests have shown that the appara 
tus and process according to the present invention can 
achieve exhaust gas temperatures in the range of 
1,200F - 1,050F at pressures of 340-360 PSI, while 
consuming between 17% and 28% gallons per hour of 
JP4 jet fuel. The generation of exhaust gases at 1,540°F 
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at the fuel consumption rate of 28% gallons per hour 
while using an air volume of 1,500,000 cubic feet per 
day is compared with conventional units which have a 
fuel consumption rate of 50-75 gallons per hour. 

It has also been found that the device according to 
the present invention described hereinabove can be op 
erated to start and maintain fire - flood conditions in an 
oil well, because of the large oxygen content remaining 
in the exhaust gases being forced into the oil formation. 
By adjusting the automatic controls to create an ex 
haust gas temperature of between 900 and 1,000F, 
tests have shown that the fuel consumption rate is ap 
proximately 12-13 gallons of jet fuel per hour with an 
air volume of 1.5 million cubic feet per day. An analysis 
of the exhaust gases generated by those operating con 
ditions indicates that the exhaust gases contain 80 per 
cent nitrogen, 40 percent oxygen and 5% percent car 
bon-dioxide (CO). By the generation of the exhaust 
gases having such a chemical analysis, it has been found 
that with the apparatus running at the low temperatures 
of between 900 and 1,000F a fire - flood condition 
can be started and maintained in an oil well, due to the 
large oxygen content remaining in the exhaust gases 
being forced into the oil formation. The temperature of 
the exhaust gases and the oxygen contained therein are 
sufficient to start the fire in the oil formation. After the 
fire has been started in the oil formation, valves on the 
fuel supply conduits and the outlet of the system can be 
shut off and air from a separate air compressor or other 
air supply source, such as a separate tank 210, shown 
in FIG. 3, could then be connected to the well pipe 34 
through valve 35 and supplied into the formation to 
maintain the fire - flood condition. The unit mounted 
on the trailer chassis, according to the present inven 
tion, could then be moved to another location for the 
same purpose. 

It must be well understood that the invention is not 
limited to the described embodiment and that many 
changes may be introduced therein without departing 
from the scope of the present patent application. 
What is claimed is: 
1. An apparatus for the recovery of highly viscous oil 

values from oil deposits comprising, a constant com 
bustion rocket engine for generating high temperature 
exhaust gases, conduit means for conveying hot ex 
haust gases generated by said engine to an oil deposit, 
pressure and flow control valve means operatively con 
nected in said conduit means, cooling means opera 
tively connected with said constant combustion rocket 
engine, said pressure and flow control valves means, 
and said conduit means, automatic control means oper 
atively connected with said cooling means and said 
pressure and flow control valve means to automatically 
control the pressure build-up and temperatures of the 
hot exhaust gases generated by said constant combus 
tion rocket engine for delivery to a highly viscous oil 
deposit for reducing the viscosity of the oil in said oil 
deposit. 

2. An apparatus as set forth in claim 1 wherein said 
pressure and flow control valve means comprises an au 
tomatically controlled pressure control valve con 
nected in said conduit means for controlling the pas 
sage of high temperature exhaust gases therethrough to 
regulate the pressure build-up in said rocket engine, 
and an orifice flow sensing and control connected in 
said conduit between said pressure control valve and an 
oil well being supplied with high temperature exhaust 
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gases to sense and regulate the flow of exhaust gases to 
an oil deposit. 

3. An apparatus as set forth in claim 1, wherein said 
cooling means further comprises a first cooling system 
connected with said rocket engine and said pressure 
and flow control valve means for regulating the temper 
ature thereof, and a second cooling system connected 
with said high temperature exhaust conduit means, said 
pressure and flow control valve means and said auto 
matic control means for regulating the temperatures 
thereof separately and independently from said first 
cooling system. 

4. An apparatus as set forth in claim 3, wherein said 
second cooling system includes a plurality of heat ex 
changers connected with said exhaust gas conduit 
means, the inlet of said heat exchangers communicat 
ing with said exhaust gas conduit means between said 
rocket engine and said pressure and flow control valve 
means, the outlet of said heat exchangers being con 
nected with said exhaust gas conduit means down 
stream of said pressure and flow control valve means, 
whereby a portion of the high temperature exhaust 
gases generated by said rocket engine is bypassed 
around said pressure and flow control valve means 
through said heat exchangers to regulate the tempera 
ture of the exhaust gases being supplied to an oil de 
posit. 

5. An apparatus as set forth in claim 1, further com 
prising a trailer chassis having ground engaging means 
attached thereto to allow movement of said chassis 
across a surface, said rocket engine, conduit means, 
pressure and flow control valve means, and automatic 
control means being permanently mounted on said 
trailer chassis to permit mobile transportation of said 
apparatus to a selective oil well site, said trailer chassis 
having an air and fuel supply source for said rocket en 
gine mounted thereon, said fuel and air supply source 
being operatively connected with said rocket engine, 
wherein said apparatus forms a self-contained mobile 
unit. 

6. An apparatus as set forth in claim 1, wherein said 
constant combustion rocket engine comprises a gener 
ally cylindrical shape combustion chamber, a cooling 
jacket sealingly positioned around the exterior of said 
combustion chamber in a spaced relationship therewith 
to form a sealed cavity surrounding said combustion 
chamber, a fuel-air mixture injection means opening 
into one end of said combustion chamber, said fuel-air 
mixture injection means having a cooling jacket posi 
tioned therearound to form a sealed cavity around said 
fuel-air mixture injection means, said cavities formed 
within said cooling jackets being communicated with 
said cooling means to control the temperature of said 
rocket engine. 

7. An apparatus as set forth in claim 6, further com 
prising coolant distribution means positioned within 
said cavities surrounding said combustion chamber and 
said fuel-air mixture injection means to obtain an even 
distribution of coolant within said chambers. 

8. An apparatus as set forth in claim 6, wherein said 
fuel-air mixture injection means comprises a first tubu 
lar conduit having one end opening into said combus 
tion chamber, a cup-shaped hollow member attached 
to the other end of said first tubular conduit, a second 
tubular conduit extending through said cooling jacket 
and having a second cup-shaped hollow member at 
tached to the end thereof, said first and second cup 
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shaped members being sealingly connected to form a 
chamber therewithin, each of said cup-shaped mem 
bers having a baffle positioned transversely within the 
chamber formed therein, each of said baffles having a 
plurality of openings therethrough, and a fuel atomiz- 5 
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ing nozzle extending into said second tubular conduit 
for injecting atomized fuel into said conduit for mixing 
with air therein. 


