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My invention relates generally to pressure regulators, 
and more particularly to a pressure regulator and vapor 
izer which is adapted to convert a lique?ed gas under high 
pressure into a dry gaseous vapor at uniform temperature 
and low pressure. 

Lique?ed petroleum gas as the term is used herein in 
cludes butane, propane and similar normally gaseous hy 
drocarbons, either in a pure state or in such mixtures as 
are commercially available. Because these fuels have 
vapor pressures up to approximately 250 pounds per 
square inch at normal temperatures, they are highly vol 
atile under atmospheric pressure, and cannot be effectively 
utilized unless they are stored under pressure in a liquid 
state. This invention is concerned with the problem of 
reconverting such lique?ed fuel gases into a dry gaseous 
vapor at a low pressure suitable for introduction into a 
heat engine. While the invention is applicable to any 
use which requires a supply of gas vapor at uniform tem 
perature and pressure, it is particularly advantageous for 
use with an internal combustion engine wherein there are 
varying load requirements. An engine of this type pre 
sents severe operating conditions since it requires a dry 
gas at low delivery pressure for proper carburization, and 
also requires a variable rate of gas ?ow. 

In the conversion of liquid petroleum gas to a low work 
ing pressure, the necessary pressure drop and the accom 
panying change of state from liquid to gas causes a tem 
perature drop of considerable magnitude in the expanded 
vapor due both to the pressure reduction and to the loss 
of the latent heat of vaporization. This cooling or freez 
ing effect impairs the proper operation of the reduction 
valves and causes the expanded gas to be only partially 
vaporized unless additional heat is supplied. 

In order that the cooling effect be less pronounced, it 
is desirable to use multiple stages of pressure reduction 
and expansion. However, to achieve good pressure regu 
lation in a two-stage system, it is necessary to make the 
second pressure reduction quite small. In a lique?ed gas 
regulator wherein the ?nal working pressures are quite 
close to atmospheric pressure, I have found that the ?nal 
pressure reduction should be no greater than ?ve or ten 
pounds per square inch if uniform regulation is to be 
achieved. Accordingly, the initial pressure reduction may 
be as great as 150 to 200 pounds per square inch, and 
this combined with the loss of latent heat of vaporization 
requires the addition of considerable heat energy from 
an outside source. In the second stage of expansion, 
vaporization has been substantially completed and little 
or no temperature drop will occure even if no heat is 
added. 

Prior regulator devices of the two-stage type have been 
designed with a means for heating both the primary and 
secondary vaporization chambers with a quantity of heat 
which is calculated to be proper for the maximum rate 
of gas flow through the device. When a regulator of this 
type is used to feed an internal combustion engine, oper 
ating under variable load conditions, the result is to vary 
the output temperature of the gas in inverse relationship 
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to the actual rate of gas ?ow through the regulator. Thus, 
when the engine is running at idle or low load, only a 
small ?ow of gas passes through the regulator, and the 
output temperature from the regulator is raised consid 
erably by the heat supplied in the vaporization chambers. 
From the standpoint of engine Cf?ClCl'lCY, it is desirable 

to supply the fuel at a constant temperature which is 
just above the vaporization temperature of the gas for the 
particular working pressure in the carburetor. This can 
be appreciated by considering that the heating or energy 
value of the fuel is dependent upon the unit weight of the 
gas, and accordingly the higher the temperature the less 
heating value is present within a unit volume. If the 
engine is to run most el?ciently and idle properly, the 
optimum feed condition is one in which the fuel is sup 
plied at uniform pressure and temperature. From a prac 
tical standpoint, this is best achieved by delivering the gas 
at a uniform pressure and at the temperature of the out 
side or ambient air. Any higher temperature is undesir 
able because of the loss of heating value, and a lower 
temperature cannot be uniformly maintained. 

In my presently preferred form of regulator, the sec 
ondary pressure reduction occurs in a secondary vaporiza 
tion chamber which is almost totally surrounded by the 
outside air so that the ?nal working pressure is obtained 
in a gas which is at substantially the same temperature as 
the outside air. However, to achieve such a uniform out 
put temperature, it can be seen that it is necessary to use 
a heating means capable of delivering a variable quantity 
of heat in the primary vaporization chamber. Otherwise, 
the variations in the volume ?ow of gas through the regu 
lator create superheated or underheated gas which can 
not be brought to thermal equilibrium with the outside 
air in the secondary vaporization chamber. 
With the foregoing in mind, it is a major object of my 

invention to provide an improved vaporizer regulator 
which delivers a lique?ed fuel gas in a dry vaporous state 
at a uniform pressure and temperature. 
Another object of my invention is to provide a vapor 

izer regulator of the character described having heating 
means delivering a variable quantity of heat in accord 
ance with the volume rate of ?ow of gas through the 
regulator. 

It is also an object of my invention to provide a two 
stage vaporizer regulator in which heat is supplied only 
to the ?rst-stage vaporizing chamber by the heating 
means, and in which the second-stage vaporizing cham 
her is in substantially total surface contact with the out 
side air so that the gaseous fuel is delivered therefrom at 
ambient temperature. 

It is a further object of my invention to provide va 
porizer heating means having a variable area of effective 
heat transfer surface which is automatically brought into 
operation in accordance with the speed and load require 
ments of the engine. 
Yet another object of my invention is to provide va 

porizer heating means having internal ?ow regulating 
characteristics which automatically change the ?ow path 
of the heating ?uid through tortuous passageways in ac~ 
cordance with the volume and pressure of ?uid delivered. 
An additional object of my invention is to provide va 

porizer heating means having by-pass means adapted to 
vary the flow path through said tortuous passageways in 
response to the actuation of a selected external control 
element, thus allowing a given regulator to be used for a 
wider range of engine requirements. 
A still further object of my invention is to provide the 

foregoing features in a unit-type vaporizer regulator of 
compact and simple design which may be economically 
produced. 

_ These and other objects and advantages of my invention 
will become apparent from the following detailed descrip 
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tion of a preferred form thereof, and from an inspection 
of the accompanying drawings in which: ' 

Fig. l is a perspective view of a preferred embodiment 
of my invention shown installed for use on an internal 
combustion engine; 

Fig. 2 is a central section of the device taken along the 
line 2—2 of Fig. 1; v i 

Fig. 3 is a section across the heating chamber taken 
along the line 3—3 of Fig. 2; ' ' 

Fig. 4 is an elevational detail taken in the direction of 
the arrow 4, of Fig. 3; ' ' 

Fig. 5 is a section taken across the primary vaporizing 
chamber taken along the liheSf-?S of Fig. ' 

Pig. 6 is a cross-sectional detail of the primary regulat 
ing valve and diaphragm taken along theiline 6-_—-6 of 
Figs; , ,. 

Fig. 7 is a section across the secondary vaporization 
chamber taken along the line 7_-v—7 of Big. 2;‘and 

Fig. 8 is a sectional detail of the heat’reg'ulating dam 
taken along the line 8-48 of Fig. '3.‘ 

Referring now to the drawings and particularly to Fig. 
1 thereof, the numeral l0yindica'tes generally a preferred 
embodiment of vaporizer regulator shown installed with 
the necessary fuel and heating?uid'lines on a convention 
al internal combustion engine 11. 'Lique?ed gas under 
high pressure is supplied from a storagev tank through an 
intake line 12 to a ‘?lter device 153, and thence through a 
solenoid operated cut-oifv valve 14 into-regulator 10. The 
solenoid valve 14 is held closed'when' the ignition circuit 
is broken, and operates to prevent any leakage from the 
storage tank when the engine is shut down. The regulator 
10 may be mounted in any suitable position, but it should 
be noted for reasons which will hereinafter appear, that 
it is preferably'formed as a thin cylindricalhousing stand 
ing in vertical or erect position. After conversionlto a dry 
vapor state, the fuel or gas leavesrregulator 10 at low pres 
sure and enters a carburetor 15 through output line 16. 
In carburetor 15, the gas is mixed with the proper volume 
of air and is then drawn into an engine intake manifold 
17. The ?nal working or output pressure of the gas from 
regulator 10 is dependent uponthe particular carburetor 
installation and to some extent upon'theloadconditions 
of the’ engine, but for purposes of‘ consideration herein, 
will be taken to be at or'around atmospheric pressure. 

I prefer to supply heat to thefregulator 10 by means of 
the hot Water passing out of the cooling system ofthehen 
gine, but as can be understood, otherheat mediums such 
as the engine exhaust gases may be used.v In thetypical 
installation herein illustrated, hot water fromthe block of 
engine 11 enters one side of regulator 10} ,through a‘line 18 
connected near the top thereof, and. is returned to the suc 
tion side of a cooling system circulating pumpf19 via line 
20. Pump 19 is mounted for drive by enginell and the 
volume of pressure ?uid ?ow through the regulatorltl is 
increased or decreased in accordance with engine speed. 

Regulator 10 as is best seen in Figs. l—3_com'pirises a flat 
cylindrical housing formed mainly by two cylindrical body 
sections 25 and 26 joined to each other and to front and 
back cover plates 27 and 28, respectively. Body section 
26 has a transverse dividing wall 29 which cooperates with 
cover plate 28 to de?ne a ?rst-stage or primary vapori 
zation chamber 30_. The other body section 25 is also 
formed with a transverse dividing wall 31 which is spaced 
from cover plate 27 to de?ne a second-stage or secondary 
vaporization chamber 32. 
Between vaporization chambers 30. and 32, body sec 

tions 25 and 26 join in abuttingrelationship with a central 
dividin'gplate'34 to de?ne adjacentjchambers or spaces in 
cooperation with walls 29and31. The space between 
plate 34 ‘and wall 29-_forms aheating chamber 36 which 
is adjacent the primary vaporizationchamber. 30V, and is 
separated therefrom only by wall 29L. Thespace/between 
plate 34 and wall 31 may be properly designated as a 
ventilating passageway. 37, and is ventilated peripherally 
by a seriesof largeports 38formed in body section 2‘5. 
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4 
Passageway 37 is adjacent the secondary vaporization 
chamber 32 and serves to insulate the latter’from“ the heat 
ing medium chamber 36, while at the same time conduct 
ing outside air into contact with the Wall 31. In order to 
prevent the loss of heat outwardly from chamber 36, plate 
34 may be covered on each side with a pair of cork discs 
or gaskets 40. Thus it can be appreciated that substantial 
ly all of the heat within chamber 36 is directed through 
the wall 29 into primary vaporization chamber 30. 

The high pressure lique?ed gas entering regulator 10 
passes through a primary reduction valve 44 mounted in 
the top portion of body section 26 before entering vapori 
zation chamber 30. The structure of valve 44, as is best 
seen in Figs. 5 and 6, includes an upper closure member 
45 which is adapted to seat against ‘an entrance port 46. 
An intake passageway 47 leads to port 46, and is bored 
internally in an outwardly projecting cylindrical boss 48 
formed integrally with body section 26, The outer por 
tion of boss 48 is internally threaded torccciye a coupling, 
connector 50, which is in turn joined tov the high pressure 
feed line 12., Body section 26 is preferably formedas a 
pressure resistant casting of aluminum or other light 
weight material, and in order that port 46 may be protec 
ted against erosion, port 46 is de?ned by. a hardened» re 
placeable valve seat 52 threadedly engaged-with. the body 
casting and formed, with a flat outer head, 53, asv is- best 
seen in Fig. 6. Valve closure member 45 has a shallow 
pocket therein to take a replaceable neoprene disc 54, that 
seats in tight sealing engagement with head 53 to insure 
proper closure of entrance port 46, at all times. 

Closure member 45 is carried on the upper end of an 
arm 55 which. is pivotally supportedv by means of, a bi. 
furcated bracket or stirrup 5,6. Bracket 56, is securely 
mounted against body wall 29 and is formed with anout 
wardly spaced central bar or pivot rod‘ 57 which, bears 
inwardly against a suitable channel 58;formc_d' in the arm. 
55. Below the pivot rod 57-, a coil'spring. 60.is_con?nedw 
between body wall 29 and arm 55 to urge the latter. out 
wardly and force closure member 451 against entrance 
port 456. The inner end of spring 60; is heldinposition 
by a recess 61 formed in body section 26, and the outer 
end of the springis held by aidetent button 62=formedion 
arm 55; The lower end of; arm 55'extends downwardly 
to ride against the right end of. av stem, or plunger. Me 
which is adapted to pivotally move arm 55"against- the‘ 
compressionof spring 60 for opening closure member 
45. Plunger 64 is mounted centrally on a diaphragni65 
which will later be described, and, moving‘ with the dia 
phragm, regulates the pressure within chamber 30’ in 
accordance with the differential between the pressure 
existing thereinrand the atmospheric pressure. As can be 
understood, movement of-‘diaphragm 65'towards the right 
as. viewed» in Fig. 6 causes closure member 45. to move’ 
away from port 46. and to permit the entrance of gas into 
chamber30. 
Diaphragm 65' extends completely across chamber» 30 

and is held between the rim of body section26 and cover 
plate 28.by a series. of bolts 671which secure the’ cover 
plate inposition. As can best be seen in Fig. 2, cover 
plate 28 has an- outwardly bulged central port-ion 68' 
de?ning a ?at circular reference pressure chamber» 70 
outwardly of diaphragm 65. At the center of section 68= 
is an outwardly projecting hub 72 which is boredthrough 
into chamber 70 and internally threadedto take a large 
adjustment plug 73 formed with anrouter wrench head‘ 
74. Plug 73 is centrally counterbored to provide an 
elongated cylinder 75 which is communicated“ to air pres 
sure surrounding the regulator through radially directed 
vent ports 76 at the outer end thereof. Thus, ‘chamber 
70 is directly vented to the outside and willat all.‘ times 
carry atmospheric pressure therein to exert force against 
the outer face of diaphragm 65. If it is desired to com; 
municate a different reference pressure lintolchamber 70,; 
modi?cation of plug 73~may be easilymadeforconnec-y, 
tion to an external pressure line. 



2,752,758 ~ 

5 
A coiled spring 77 is carried in cylinder 75 and extends 

inwardly from plug 73 to bear against the outer side of 
diaphragm 65. To stiffen the central portion of dia 
phragm 65, inner and outer plates 78 are placed thereon 
and held in position by an outer stud 79 which extends 
through the diaphragm and engages plunger 64. Spring 
77 encloses stud 79 and bears against the outer plate 78 
with a force dependent upon the effective length thereof 
which is adjusted by axial movement of plug 73. The 
total force exerted on the outer side of diaphragm 65 is 
composed of the force of spring 77 and atmospheric pres 
sure force, and this reference force acts to regulate the 
opening pressure of valve 44. 
The particular pressure maintained in the primary va 

porization chamber 30 will vary for different installations, 
but will normally be set at a pressure of five or ten 
pounds per square inch above atmospheric pressure. As 
aforementioned, the lique?ed gas under storage is main 
tained at a high pressure and upon entrance through valve 
44 expands su?iciently to change from the liquid to vapor 
state. This expansion is accompanied by a substantial 
temperature drop, and in order to overcome the freezing 
effect and produce a dry vapor, it is necessary to supply a 
quantity of outside heat. Before considering the heating 
means, it is best to follow the detailed path of the vapor 
ized gas through the primary chamber 30. 
As seen in Fig. 5, gas entering chamber 30 through 

primary reduction valve 44 is expanded into a circular 
upper chamber 86 de?ned by a raised circular rib 81, 
the chamber being completely closed with the exception of 
an upper side discharge port 82. The rib 81 together 
with a series of fragmental concentric ribs 83 and 84 form 
a tortuous extended passageway 85 through which the ex 
panded gas is directed outwardly and downwardly as is 
shown by the ?ow arrows to an outer peripheral passage 
way 86 enclosed by the rim of body section 26. From 
the bottom of chamber 30, the gas then ?ows upwardly 
through passageway 86 to an upper discharge port 87. 
Discharge port 87 is formed in a triangular hub or boss 
88 extended from body 26 and communicates directly into 
the secondary vaporization chamber 32. The arrange 
ment of the ribs or baf?es within chamber 30 is designed 
to facilitate the complete vaporization of gas and to pre 
vent the creation of a pressure head at the output port 
87 due to the velocity of ?ow. That is, since the velocity 
?ow head is dependent upon the volume of gas passed 
through the device, it has been found that a more uniform 
regulation of pressure in the secondary chamber can be 
achieved if the ?ow path of the gas through the primary 
vaporization chamber 30 is quite restricted. Also, the 
use of tortuous passageways tends to break up any drops 
of liquid fuel and achieve a more uniform vapor. To 
further prevent the creation of a velocity head at the out 
put port 87, I provide a short ba?ie or ?n 89 which is 
disposed generally transversely across the flow path 
through passageway 86 to absorb a substantial part of the 
impact velocity of the outgoing gas. 
The relationship of heating chamber 36 to the primary 

vaporization chamber 30 is such that they are separated 
only by the common transverse wall 29 and are of sub 
stantially coextensive area. Thus, wall 29 may be desig 
nated as a heat transfer surface, and the quantity of heat 
transferred into chamber 30 will depend on the amount 
of wall 29 in contact with a heating ?uid circulated 
through chamber 36. As is seen in Fig. 2, the wall 29 
has formed integrally therewith the ribs or bai?es 81-84 
of chamber 39 to increase the heat transfer surface. It 
should also be noted that the ribs 81-84 are raised to 
such a height as to seat outwardly against the diaphragm 
65 which serves as a cover plate and forces all of the 
vaporized ?uid to travel through the complete ?ow path 
previously described. 
The wall 29 is also formed with a plurality of heat 

transfer ribs or ba?les 94 projecting into the heating 
chamber 36, as is best seen in Fig. 3. These ribs 94 are 
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arranged in spaced concentric order around the lower' 
portion of the heating chamber 36 and de?ne a series 
of circular passageways 95 which are of increasing length 
in outward sequence, and accordingly each passageway 
offers more ?ow resistance to the passage of ?uid there 
through than the adjacent inner passageway. At the 
bottom of body 26 is a drain plug 96 which is used to 
drain chamber 36 as necessary. The upper portion of 
chamber 36 is open except for a central heat dam 97 
which projects downwardly a substantial distance from 
the top and is raised outwardly a considerable height from 
wall 29. The dam 97 is preferably formed with ribs 
97-51 to promote transfer of heat and to guide the liquid 
flow. The innermost concentric ba?ie 94 is formed with 
a pair of upwardly divergent arcuate extensions 98 which 
are closely spaced to heat dam 97 to provide an upper 
passageway 99 extending across the top of chamber 36 
and of selected cross-sectional area. 
Near the top of chamber 36 are oppositely spaced side 

ports 100 and 101 which are connected to the hot water 
circulating lines 18 and 20 leading into the engine cool 
ing system. Since the normal operating range for the 
water within the engine cooling system is 140° to 180° 
F, it forms an effective heating ?uid for use in chamber 
36. The ports 100-401 can be connected for circula 
tion in either direction, and as illustrated, port 100 is 
the intake port directing water inwardly into chamber 36. 
As the ?uid enters, it is above the ends of the lower pas 
sageways 95 and has a normal tendency to ?ow directly 
across the heating chamber.v Water impinging against 
the heat dam 97 is directed either outwardly around the 
dam, or downwardly through the passageway 99 to ?ow 
across a relatively short path in reaching the discharge 
port 161 at the opposite top side of the chamber. As 
suming a condition in which the engine is running at idle 
or low load, it can be understood that the volume and 
pressure of water circulated by the cooling system pump 
19 will be relatively small. Under this condition, the 
area of passageway 99 is su?icient to accommodate the 
entire volume ?ow of ?uid and there is little or no motion 
of the ?uid through the lower passageways 95. Thus, 
the upper portion of wall 29 in contact with the heated 
?uid will be active as a heat transfer surface, while the 
lower portion of the wall in contact with cold ?uid will 
be inactive as a heat transfer surface and the quantity of 
heat transferred into primary vaporization chamber 30 is 
therefore limited. 
As seen in Fig. 8, the heat dam 97 is formed as a 

raised semi-circular block which is spaced su?iciently 
from the dividing plate 34 to permit the ?ow of a portion 
of the hot ?uid thereacross. This relationship is par 
ticularly desirable because dam 97 lies immediately adja 
cent intake port 47 and the primary reduction valve 44. 
As the gas expands through valve 44, the lowest tem 
perature occurs immediately adjacent the valve and within 
upper chamber 80. By directing some of the ?uid across 
heat dam 97 and the remainder through the upper pas 
sageway 99, all of the heat transfer under low load con 
ditions takes place around the valve 44 and the tendency 
of the latter to freeze and operate improperly is over 
come. 

When the engine speed is increased, the cooling system 
pump 19 delivers an increased volume of ?uid at higher 
pressure, and it is no longer possible for passageway 99 
to accommodate the entire volume of ?ow. Therefore, 
some of the heating ?uid is directed downwardly through 
the passageways 95 to displace the cold ?uid, and force 
hot ?uid around the lower portion of chamber 36. As 
each concentric passageway 95 has increased length and 
frictional resistance, it can be understood that the volume 
of ?ow through each passageway will be in inverse pro 
portion to its relative resistance to ?ow, until a condi 
tion is reached in which all of the passageways are sub 
stantially full‘ of heated circulating ?uid. Thus, the quan 
tity of heat transferred through wall 29 will increase in 
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direct proportion to the volume of; ?uid circulated, and 
more heat will- be available for transfer to vaporization 
chamber 30. Since the volume of gas ?owing through 
chamber 30 is directly controlled by the speed with which 
engine 11 is running, it can be seen that I‘ have increased 
or-decreased the quantity of heat available for transfer 
in accordance with the load condition‘ on the engine. 
Referring back to the fundamental consideration of vol 
ume and temperature, the device can therefore be said 
to maintain a uniform output temperature of the gas 
?owing through chamber 30 regardless of the volume 
rate of ?ow. 
As can be understood, the particular proportions of 

the heat dam 971 and ba?les 94 can be varied to change 
the ?ow areas through the device in accordance with the 
needs of particular installations. However, I have found 
that it is possible to design a single size regulator which 
will be properly adapted for use on any'size of engine 
by- the provision of additional ?ow- regulating means 
110‘interposed- in the lowermost flow passageways 95. An 
additional. use of ?ow regulating’ means 110 is to provide 
compensation for variations in a selected load factor other 
than the speed of the engine 11. For example, if ?ow 
regulating means 110 be actuated by a load responsive 
element- sensitive to manifold pressure, or water temper 
ature, the‘ rate of heat transfer may be varied independ 
ently of‘ the normal ?uctuation due to pressure and rate 
of ?ow, of the heated ?uid to take into account the e?ect 
of‘ high load and low speed operating conditions, such 
as exists upon acceleration. Under these conditions, 
of engine operation a richer mixture is required by car 
buretor 15 and accordingly it is desirable that there be 
a- higher volume of ?ow through primary chamber 30. 
This is accomplished by reducing the heating effect where 
by the fuel is supplied at a somewhat lower temperature 
than otherwise and the gas is therefore denser, providing 
thereby a- higher effective‘ ?ow volume. 

In the embodiment of my invention herein illustrated, 
?ow regulating means 110 comprises a plurality of butter 
?y valves which are adapted to close one or more of the 
passageways 95. A radially extending shaft 111 passes 
rotatably through baffles 94 and extends outwardly 
through the wall of body section 26. The inner end of 
shaft 111 is-held- against axial movement by a collar 11-2, 
and an OV-ring seal or gland 113 is mounted around the a 
shaft in the rim of body 26 to prevent outward leakage 
of ?uid. Securely mounted to shaft 111 are a series of 
?at discs or plates 114 which are shaped to conform to 
the opening through passageways 95, and are, adapted to 
block the travel of ?uid therethrough when held in a 5 
perpendicular or closed position. When shaft 111 is 
rotated, valve discs 114 permit partial or full ?ow through 
the passageways in accordance with the rotational posi 
tion of shaft 111. 
Mountedon the outer end of shaft 111 is an actuating 5 

lever 116 formed with a perpendicularly extending arm 
117, and locked against rotation onthe shaft. by anradjust 
ment screw 1'18. Adjacent lever 116 is a stop member 
119 whichris mounted on body 26 and interposed between 
lever 116 and arm 117 so as to permit movement through 
an arc of approximately 90°, until either of the members 
abuts thereagainst. inwardly of lever 116 is a coiled 
spring120 which is positioned to urge lever 116 against 
stop 119 as is seen in Fig. 4. As can be understood, 
with lever 116 in this position, valve discs_11,4. may be 
partially or completely closed across passageways 95 de 
pending upon the relative angular position in which the 
lever is locked‘ on shaft 111. To operate. lever 116 a 
mechanical'linkage such as a cable 121‘ is secured, to arm 
117‘ for movement either by manual or automatic actuat- F 
ing means. To permit further adjustmentand ?exibility 
of‘ action, lever 116 is providedlwith a limit-screw 1'16—a 
andllever 11=7Ywith a limit-screw 1‘17-a. 

lfloable 121i is connected. to-a sensitive element such 
as a thermostat or. diaphragm‘ valve, it: can be» appre-. 
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ciated that the movement of‘l‘ever: 116 may, be responsive 
to a change in a selected‘ engine load condition. such as 
the temperature of the output gas, or the vacuum: existing 
in the engine manifold‘. As shaft 111 is rotated, the heat 
transfer area‘ of chamber 36 is varied by thev opening or 
closing of passageways 95. The relative angular position 
of actuating lever 11-6 upon shaft 111- is determined in 
accordance with the size of the engine upon which the 
device is installed to permit partial or complete opening 
of the valve, discs 114 by the external actuating means. 
Thus one size of regulator may be properly installed‘ upon 
many different sizes of engines by- a simple adjustment 
of the movement of actuating lever 116. 

In Fig; 4, a schematic diagram of‘ one method of actu 
ating lever 116 is shown. A thermostatic device 200 
having an external lever 201-‘ connected to cable 121 is 
controlled by the temperature of the ?uid ?owing in line 
18. When the temperature of the» heating ?uid in line 
13 is low, lever 201 will position cable 121 and lever 116 
so that the valve discs 114‘ will be at the maximum open 
ing and the maximum area- of chamber 36 is open to'the 
heating ?uid. As the temperature of- the- heating ?uid 
rises, lever 201' will be moved by the thermostatic device 
200, thereby actuating lever 116 to move the valve discs. 

' 114 toward the position of’ minimum opening so that less 
?uid or no ?uid at all may ?ow through the passageways 
95. 

After the gas has been heated and vaporized in cham 
ber 30 it passes through discharge port 87 into secondary 
vaporization chamber 32. A triangular boss 125 is 
formed on body-section 25, coextensive with boss 88 of 
body section 26, and port 87' is defined within a hardened 
insert or valve seat- 126 which is threaded into boss 125 
and may be easily replaced. Seat1‘26 cooperates with a 
secondary valve means 130 mounted‘ within chamber 32 
to reduce the pressure of the gas to the lower desired 
working pressure. 

Valve 130, as is best seen in Fig. 2, has an upper closure 
member 131~ supported’ adjacent the right end of seat 126 
by an upstanding spring plate 132. Mounted in closure 
member 131 is a neoprene disc 133' which is adapted to 
seal tightly with seat 126. Plate 132‘ is supported byv a 
lower bracket 134 ?xed to body wall 31 and tends to 
hold- disc 133 against seat 126 with a very slight closing 
pressure which is su?icient to prevent valve chattering; 
Adjacent the outer face of‘ member 131 is a short plunger 
or stud 135 that‘ is carried by a pivotally mounted lever 
arm 136. The outer end of plunger 135 is engaged with 
a compression spring 137 which tends to resist- outward 
movement of' the plunger and closure member 131. 
Ann 136 is supported on a pivot rod 138 carried by 

bracket 134 and has a downward extension which engages 
a diaphragm 139 extended transversely across chamber 
32;. Movement of- diaphragm 139‘inwardly withincham 
ber 32 forces plunger 135 outwardly against the pressure 
of spring 137 and permits opening of member 131 from 
valve seat 126. The outer end of' spring 137'bears against 
an adjustable stop member 140 slidably mounted for axial 
movement along a cylinder 141 de?ned by a boss 142 
that is formed integrally with cover plate 27. Stop 140- is 
held in a selected position within cylinder 141 by a 
threaded adjustment stem 144’ which has an exposed outer 
hand nut1‘45. 

By, rotation of hand nut 145.the position of spring 137‘ 
may be shifted,longitudinally so that plunger 135 is nor 
mally spaced‘or backed'otf a slight distance from closure 
member 131. This provides an effective idling adjust 
mentfor theclevice by permitting the leakage of a- small 
amount of gas through secondary chamber 32; under 
idling conditionsof. the engine. When the engine speed 
picks up, further opening of closure member 131- is con 
trolled'bv the, movement; of diaphragm 139. to maintain 
correct pressure regulation. 
Cover plate, 27.=holds.diaphragm 139 in. place, and‘. is 
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formed with a central outward bulge 146 to de?ne a ref 
erence pressure chamber 147 outward of the diaphragm. 
A vent port 148 communicates atmospheric pressure into 
chamber 147 to bear against the outer face of diaphragm 
139 and maintain a uniform pressure within chamber 32 
by control of the valve 130. Fine adjustment of the de 
sired working pressure can be controlled through the 
rotation of hand nut 145 to adjust the effective length 
of spring 137. 
To prevent wear of diaphragm 139 through contact 

with arm 136, a pair of stiffening plates 150 are mounted 
thereon in a central position. The inner plate 150 is also 
adapted to bear against a plurality of studs 151 spaced 
around chamber 32 to limit the inward movement of dia 
phragm 139. This feature is particularly useful when a 
high temporary vacuum is created in chamber 32 to pre 
vent distortion of the diaphragm. Such a condition may 
occur when there is a sudden load demand upon the 
engine, or in starting when carburetor 15 is choked to a 
full closed position. After passing through chamber 32 
the gas then enters a lower discharge port 154 which is 
connected to output fuel line 16 leading to carburetor 15. 
The pressure reduction and further vaporization of gas 

within chamber 32 takes place under uniform temperature 
conditions which correspond substantially to the outside 
temperature. As will be remembered, chamber 32 is in 
substantially total surface contact with the outside air. 
Cover plate 27 is, of course, exposed to the outside air, 
and the opposite chamber wall 31 is in contact with the 
air being circulated through ventilation passageway 37. 
A condition of thermal balance is therefore reached be 
tween chamber 32 and the outside air tending to bring 
the temperature of the output gas to the temperature of 
the outside air. Thus, it can be appreciated that the reg 
ulator converts the gas into a dry gas at low pressure 
and uniform temperature to permit optimum efficiency of 
the engine. 
While I have shown and described a preferred regulator 

which is fully capable of carrying out the objects and 
advantages of my invention, it is to be understood that 
modi?cations of design and construction will be apparent 
to those skilled in the art. The installation so described 
is, of course, merely typical of an installation of the de 
vice and may be modi?ed for use on different types 
of engines. 

I claim: 
1. A vaporizer regulator for lique?ed gas conversion 

which comprises: means de?ning a vaporization chamber 
having intake and outlet ports; pressure regulating means 
operatively associated with said vaporization chamber to 
control the pressure of gas therein; heating means having 
an area of heat transfer surface in contact with said 
chamber and an area in conductive relation to said area 
of heat transfer surface for receiving heat from a heating 
medium; means for supplying a heating medium to said 
heat receiving area and means for varying the quantity of 
heat transferred by said heating means by varying the 
area of said heat receiving surface over which heating 
medium is circulated. 

2. A vaporizer regulator for lique?ed gas conversion 
which comprises: a housing de?ning a vaporization cham 
ber having intake and outlet ports; pressure regulating 
means associated with said vaporization chamber to 
control the pressure of gas therein; a heating chamber 
having an area of heat transfer surface in contact with 
said vaporization chamber and adapted to be connected 
for the circulation of heating ?uid therethrough; and 
ba?le means for varying in accordance with the rate of 
flow of said heating ?uid the effective area of said heat 
transfer surface over which said heating ?uid is circulated. 

3. A vaporizer regulator for lique?ed gas conversion 
which comprises: a housing de?ning interconnected pri 
mary and secondary vaporization chambers; pressure 
regulating means associated with each of said chambers 
to control the pressure of gas therein; heating means. hav 
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10 
ing an area of heat transfer surface in contact with said 
primary chamber, said heating means being thermally 
insulated from said secondary chamber; and means for 
varying the quantity of heat available for transfer by said 
heating means to said primary chamber by varying the 
area of said transfer surface subjected to heating. 

4. A vaporizer regulator for lique?ed gas conversion 
which comprises: a housing de?ning interconnected pri 
mary and secondary vaporization chambers; pressure reg~ 
ulating means associated with each of said chambers to 
control the pressure of gas therein; heating means having 
an area of heat transfer surface in contact with said pri 
mary chamber, and a barrier chamber between said sec 
ondary vaporization chamber and said heating means for 
insulating said heating means from said secondary 
chamber. 

5. A vaporizer regulator for lique?ed gas conversion 
which comprises: means de?ning interconnected primary 
and secondary vaporization chambers and a heating 
chamber adjacent said primary chamber and spaced from 
said secondary chamber; pressure regulating means in each 
of said vaporization chambers to control the pressure of 
gas therein; said heating chamber having a wall of heat 
transfer surface common to said primary chamber, said 
wall being formed with a plurality of integral ba?ies 
thereon extending into said heating chamber and de?ning 
a series of tortuous passageways therethrough; and ?ow 
control means cooperating with said baf?es to vary the 
circulation of heating ?uid for changing the effective area 
of said heat transfer surface. 

6. A vaporizer regulator for use on an internal com 
bustion engine having a pump driven ?uid circulating 
system, which comprises: a housing de?ning intercon 
nected primary and secondary vaporization chambers; 
pressure regulating means in each of said chambers to 
regulate the pressure of gas therein; a heating chamber 
formed in said housing and having an area of heat trans 
fer surface in contact with said primary chamber and 
spaced from said secondary chamber, said heating cham 
ber being adapted for connection to said circulating sys 
tern to receive heating ?uid therefrom; and means within 
said heating chamber to control the ?ow path of said 
heating ?uid and vary the effective heat transfer surface 
in accordance with the volume of ?uid circulated there 
through by said pump driven ?uid circulating system, 
whereby to change the quantity of heat transferred. 

7. A vaporizer regulator for use on an internal com~ 
bustion engine having a pump driven ?uid circulating sys 
tem, which comprises: a housing de?ning interconnected 
primary and secondary vaporization chambers; pressure 
regulating means in each of said'chambers to regulate 
the pressure of gas therein; a heating chamber formed 
in said housing and having an area of heat transfer sur 
face in contact with said primary chamber and spaced 
from said secondary chamber, said heating chamber being 
adapted for connection to said circulating system to re 
ceive heating ?uid therefrom; and ?ow control means 
within said heating chamber adapted to control the ?ow 
path of heating ?uid circulated therethrough and vary 
the effective heat transfer surface. 

8. A vaporizer regulator for use on an internal com 
bustion engine having a pump driven ?uid circulating sys 
tem, which comprises: a housing de?ning interconnected 
primary and secondary vaporization chambers; pressure 
regulating means in each of said chambers to regulate 
the pressure of gas therein; a heating chamber formed 
in said housing and having an area of heat transfer surface 
in contact with said primary chamber and spaced from 
said secondary chamber, said heating chamber being 
adapted for connection to said circulating system to re 
ceive heating ?uid therefrom; ?xed means within said 
heating chamber to control the ?ow path of said fluid 
and vary the effective heat transfer surface in accord 
ance with the volume of ?uid circulated therethrough 
under different pump speeds, whereby to change the 
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quantity of heat available for transfer; and- movable ?ow ' 
control‘ means within, said‘ heating chamber adapted to 
further change the flow path of said: heating fluid in 
response to the variations in the selected engine operat 
ing condition. 

9. A vaporizer regulator for lique?ed gas conversion 
which comprises: ahousingide?ning a vaporization cham 
ber having an upper intake port;v a pressure. reduction 
valve mounted in said? chamber adjacent said intake port; 
automatic pressure regulating means connected to. said‘ 
valve to control. the pressure of gas in. said chamber; 
a heating chamber of ?at circular shape formed‘ in said 
housing with a transverse wall thereof in heat-transfer 
contact with said‘ vaporization chamber and, saidwallhav 
ing a. plurality of battles projecting outwardly into‘ said 
heating chamber to de?ne a series of concentric lowcr 
passageways around‘ the lower portion of said chamber; 
a flow regulating dam projecting downwardly in said 
chamber and de?ning-withisaid'ba?les an upper ?ow path 
across said chamber; and inlet and outlet ports in the top: 
of said‘ chamber adaptedto'be' connected in: a heating ?uid 
circulating system, with said' ?uid‘ being directed across 
said upper passageway under a‘ low volume of ?ow and 
being selectively diverted through said‘ lower passageways 
as the flow increases to, vary the effective heat-transfer 
surface of said‘ chamber, said flow-regulating dam being 
adjacent said intake port and‘ shaped to direct a. partial 
how of ?uid therearound under a. low volume ?ow condi 
tion, whereby to maintain the area of said primary 
vaporization chamber adjacent said reduction valve in a 
heated condition. 

10. A vaporizer regulator for lique?ed gas: conversion 
which comprises: a- housing de?ning a vaporization cham 
ber having an upper intake port; a pressure reduction 
valve mounted‘ in said chamber adjacent said intake 
port; automatic pressure’ regulating means connected to 
said valve to control thepressure of gas in said‘ chamber; 
a heating chamber of'?at circular shape formed in said 
housing with a transverse wall thereof‘ in heat-transfer 
contact with said vaporization chamber andsaid wall hav 
ing a plurality of baf?es- projecting outwardly into. said 
heating chamber to de?ne a series of‘ concentric lower 
passageways around the lower portion of said chamber; a 
?ow regulating dam projecting downwardly‘ in saidv cham 
ber and de?ning‘ with said‘ baffles an upper ?ow path 
across said chamber; inlet and» outlet ports in the top 
of said chamber adapted‘ to be connected in‘ avv heating 
?uid circulating system‘, with said ?uid, being directed 
across said upper. passageway under a low volume of ?ow. 
and being selectively diverted through said‘ lower passage 
ways as the ?ow increases to vary the effective heat-> 
transfer surface of saidrchamber; and valve means extend-y 
ing across said lower‘ passageways toregulate the volume 
of ?ow therethrough, said valve means having an external 
control lever adapted for connection, tota load-responsive 
actuating element. 

ll. A vaporizer regulator for lique?ed gas. conversion 
which comprises: a housing de?ning‘ a vaporizationrcham 
her having an upper intake- port; a- pressure reduction 
valve mounted in said chamber adjacent said intake port; 
automatic pressure regulating means connected to said 
valve to control the pressure of‘ gas in said, chamber; ' 
a heating chamber of ?at circular shape formed in said 
housing with a transverse wall thereof in‘ heat-transfer 
contact with said vaporization chamber» and said, wall. 
having a plurality of battles projecting outwardly into 
said heating chamber to de?ne aseries of concentric lower 
passageways around the- lower portion of said’ chamber; 
a ?ow regulating dam projecting downwardly in. said. 
chamber and de?ning with saidibaf?es an upper ?ow path‘ 
across said chamber; inlet and‘ outlet ports. in. the top 
of said chamber adapted‘ tobe connectedsin aheating?uid 
circulating system, with said‘ ?uid being directed.{ across 
said upper passageway'under‘a low.- volume‘ of ?ow and 
being selectively diverted through said< lower: passage. 
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12 
ways as the flow‘ increases to vary the effective heat 
transfer surface oi? said chamber; a rotatable shaft ex~ 
tending across said lower passageways and projecting 
through said housing‘; a. plurality of valve discs mounted, 
on said: shaft in said passageways to. regulate the volume 
of ?ow. thcrethrough in accordance with. the rotational 
position; of said: shaft“, and an external control lever on 
said. Shaft adapted for connection to a load-responsive. 
actuating element and movable to change the rotational 
position of said shaft to thereby vary‘ the effective heat 
transfer area of said- heating: chamber. 

12;. A vaporizer regulator for use on an internal com 
bustion: engine having a, pump driven ?uid circulating sys 
tem, which comprises: a housing. de?ning interconnected 
primary and secondary vaporization chambers with said 
primary chamber having an upper intake port therein; a 
pressure reduction valve mounted in said primary’ cham 
ber adjacent said intake port; automatic pressure regu 
lating means. in said primary chamber. andv connected to 
said valve to. control the pressure of gas in said primary 
chamber; a‘ second pressure reduction valve mounted. in 
said secondary chamber;_; automatic pressure regulating 
means inv said secondary chamber to reduce the pressure 
of. said gas in, said: secondary chamber to a low delivery 
pressure by control; of said second reduction valve; a 
heating chamber of ?at circular shape formed in said 
housing. with a transverse wall thereof in heat 
transfer contact with said primary chamber and 
spaced from said secondary chamber, said wall having 
a plurality of baf?es. projecting outwardly in said heat 
ing, chamber. to de?ne av series of lower concentric pas 
sageways, around thelower portion of said heating cham 
ber, and said, secondary chamber being substantially en 
closed, by external walls. of said housing and a ventila 
tion. passageway de?ned. therein; a ?ow regulating dam 
projecting‘ downwardly in said heating chamber and, de 
?ning with said ba?les an upper ?ow path across, said‘ 
chamber; inlet. and, outlet. ports in the. top of said heat 
ing chamber adapted to, be, connected to the. ?uid circu 
lating system, with, said ?uid being directed across said 
upper. flow. path under a low. volume: of ?ow and being 
selectively diverted through said lower passageways as 
the-?ow increases to. vary the e?ective. heat transfer sur 
face, of said, chamber, said ?ow regulating dam being ad' 
jacent said intake port and’ shaped to direct a partial flow 
of ?uid therearound under a low volume ?ow condi 
tionv whereby to maintain the area of said primary cham 
ber adjacent. said reduction valve in a heated condition; 
and valve. means. extending across said lower. passage 
ways to. regulatev the. volume of ?ow therethrough, said 
valve. means having. an. external control lever adapted 
for connectionto. a load-responsive actuating element. ' 

' 13, In. a pressure‘ regulator, a ?rst pressure reduction 
stage,‘ a. second, pressure. reduction stage. connected to. said 
?rst pressure- reduction stage,_ a heatexchanger associated 
in heat exchange relationwith said, ?rst pressure reduc 
tion. stage,_.means dej?ningabarrier chamber for thermally 
insulating, said‘ heat exchanger from said second pres 
sure reduction stage and‘ a housing enclosing said ?rst 
and: second pressure reduction, stages and said heat ex 
changer. 

14. A pressure regulator comprising a ?rst pressure 
reduction, stage, a heat exchanger associated in heat ex 
change relation with said‘ ?rst pressure reduction stage, 
means for supplying a heated ?uid to said‘ heat exchanger 
at‘ varying‘ rates of' ?ow, ?uid inlet and outlet ports in 
the upper portion. of said heat exchanger connected to 
said supply means, a plurality of ba?ies in said heat ex 
changer, de?ning a series, of concentric passages around‘ 
the lower portion of said" exchanger, and flow regulat 
ingvmeans de?ning'with‘ said ba?les an upper’ ?ow- path 
across" said- heat exchanger with said‘ ?uid: being directed 
across saidE upper ?ow'path under a low rate of ?ow and 
being selectively: directed through said: lower passages; 
as.- the: rate. of: ?ow. increases to. vary. the effective heat 

75‘ transfer surface: oi‘: saidlexchanger- , - 
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15. A heat exchanger comprising means de?ning a heat 
exchanger chamber having a surface adapted to be heated 
by ?uid supplied to said chamber, an inlet port leading to 
said chamber and an outlet port leading from said cham 
ber, a plurality of ba?ies in said chamber de?ning a se 
ries of concentric passages around the lower portion of 
said chamber, and ?ow regulating means de?ning with 
said ba?ies an upper ?ow path across said chamber with 
said ?uid being directed across said upper ?ow path under 
a low rate of ?ow and being selectively directed through 
said lower passages as the rate of ?ow increases to vary 
the effective heat transfer surface of said chamber. 

16. A heat exchanger comprising means de?ning a heat 
exchanger chamber having a wall adapted to be heated by 
circulation of heated medium thereover, inlet means asso 
ciated with said chamber for directing heated medium 
over said wall, a plurality of ba?ies in said chamber de~ 
?ning a series of concentric passages around the lower 
portion of said chamber, and ?ow regulating means de 
?ning with said ba?les an upper ?ow path across said 
chamber with said ?uid being directed across said up 
per flow path under a low rate of ?ow and being selec 
tively directed through said lower passages as the rate 
of ?ow increases to vary the area of said wall over which 
said heated ?uid is circulated. 

17. A pressure regulator comprising means de?ning a 
pressure reduction chamber having inlet and outlet ports, 
a valve associated with said inlet port for controlling the 
pressure of gas in said chamber, heat exchange means 
having an area of heat transfer surface in contact with 
said chamber, means for supplying heated medium to 
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said heat transfer surface, a heat dam in said heat ex 
changer located adjacent to said valve and in thermal con 
ductive relation thereto for communicating heat to said 
valve, and means for varying the quantity of heat trans 
ferred by said heat transfer surface by varying the area 
of said surface subject to heat supply. 

18. A heat exchanger comprising means de?ning a 
heat exchanger chamber having a surface adapted to be 
heated by ?uid supplied to said chamber, an inlet port 
leading to said chamber and ‘an outlet port leading from 
said chamber, a plurality of ba?les in said chamber de 
?ning a series of concentric passages around the lower 
portion of said exchanger and means de?ning with said 
ba?’les an upper ?ow path across said heat exchanger with 
said ?uid being directed across said upper ?ow path un 
der a low rate of ?ow and being selectively directed 
through said lower passages as the rate ‘of ?ow increases 
to vary ‘the area over which said ?uid is circulated in 
direct ratio to the volume of said heated ?uid. 
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