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[57] ABSTRACT 
A thermodynamic reciprocating machine comprising a 
burner device having an inlet for air of combustion to 
which air of combustion can be supplied by a fan or 
the like and having a fuel inlet to which fuel originat 
ing from a fuel container can be supplied by a fuel 
pumping device, the outlet of which communicates 
with the fuel inlet via a fuel supply duct, a fuel return 
duct being present which at a place at the outlet of the 
pumping device is connected to the fuel supply duct, a 
temperature-sensitive element being furthermore pres 
ent which controls the number of revolutions of the 
pumping device and the fan coupled thereto which 
each have an output which is directly proportional to 
the number of revolutions, a pressure control valve 
which during operation maintains a constant pressure 
at the outlet of the pumping device being incorporated 
in the fuel supply duct between the connection plase 
of the fuel return duct thereto and the fuel inlet, a 
flow restricting element being incorporated in the fuel 
return duct. 

9 Claims, 5 Drawing Figures 
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THERMODYNAMIC RECIPROCATING MACHINE 
WITH TEMPERATURE-CONTROLLED FUEL 

SUPPLY TO BURNER‘ 

BACKGROUND OF THE INVENTION 

The invention relates to a thermodynamic recipro 
cating machine comprising a burner device having an 
inlet for air of combustion supplied by means of a fan 
or the like, and having a fuel inlet supplied by a fuel 
pump from a fuel container. The fuel pump outlet com 
municates via a fuel supply duct with the fuel inlet; a 
fuel return duct is present between the outlet of the 
pump and the fuel. A temperature-sensitive element is 
present by means of which the supply of fuel can be 
controlled, the supply of air of combustion being con 
trolled in proportion of the supply of fuel. 
A thermodynamic reciprocating machine of the pres 

ent type is known from Dutch Pat. Speci?cation 
101,166. In this machine, a thermostat in?uenced by 
the temperature of the heater operates a control mech 
anism which is incorporated in the fuel supply duct and 
which determines the fuel flow to the burner device. 
When the power consumption increases, the temper 

ature of the working medium present in the higher tem 
perature part of the working space of the machine and 
hence the heater temperature decreases. The thermo 
stat then ensures that the control mechanism passes 
more fuel. When the power consumption decreases, as 
a result of which the heater temperature increases, the 
thermostat ensures that the control mechanism passes 
a smaller fuel flow to the burner device. In this manner 
a constant heater temperature is ensured. 
As measuring places for the temperature-sensitive 

element are to be considered not only the heater pipes 
but, for example, the temperature of the working me 
dium is the higher temperature part of the working 
space may also be determined directly by arranging the 
temperature-sensitive element in the said space. 

In this known device, the control of‘ the supply of air 
of combustion in proportion to the fuel supply is ef 
fected by means of pressure difference gauges which 
are arranged in the fuel duct and air of combustion 
duct, respectively, and‘which in?uence the same mem 
ber of a hydraulic system in opposite senses, which sys 
tem actuates control‘mechanism in the duct for air of 
combustion. This known construction for controlling 
the supply of fuel and‘air of combustion to the burner 
device of a thermodynamic reciprocating machine ex 
hibits the drawback of being complicated and expen 
sive (hydraulic control system, control mechanism, 
pressure difference gauges). 
Very high requirements are imposed upon the con 

trol mechanism in the fuel duct. As a matter of fact, the 
passage should be adjustable in an accurate and repro 
ducible manner over a large fuel ?ow range (for exam 
ple from 0.02 to 1.2 g/second, i.e., a ratio of l : 60 for 
the smallest to the largest fuel flow). When the imposed 
requirements are not fulfilled, this gives rise, notably in 
the case of small fuel ?ows, to all kinds of difficulties, 
such as extinguishing of the burner, instabiliity of the 
temperature control circuit, incomplete combustion of 
the air-fuel mixture with‘ dirty exhaust gases detrimen 
tal to health, all this consequently as "a result of they 
wrong fuel dosing. For the pressure difference gauge in 
the fuel supply duct, the ratio of l : 60~for the smallest 
to the largest fuel flow means that said gauge must be 
capable of measuring pressure differences in an accu 
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2 
rate and reproducible manner within a very large mea 
suring range, in which the smallest to the largest pres 
sure difference is in the proportion of l : 3,600. Actu 
ally, the pressure difference produced according to the 
flow theorem of Bernouilli is proportional to the square 
of the rate of ?ow. 
Measuring inaccuracy of the pressure difference 

gauges results in differences of the ratio air of combus 
tion-fuel from the desirable value, as a result of which 
incomplete combustion of the air-fuel mixture can 
occur again. 

SUMMARY OF THE NEW INVENTION 

It is the object of the present invention to provide a 
thermodynamic reciprocating machine which does not 
shown any of the above-described drawbacks and in 
which the air of combustion and the fuel can always be 
supplied in the correct ratio to the burner device of the 
machine by means of simple and cheap means. 

In order to realize the objective, the thermodynamic 
reciprocating machine according to the invention is 
characterized in that the temperature-sensitive element 
controls the number of revolutions of the pump and the 
fan coupled thereto which each have an output which 
is directly proportional to the number of revolutions. A 
pressure control valve, which during operation main~ 
tains a constant pressure at the outlet of the pump, is 
incorporated in the fuel supply duct between the con 
nection place of the fuel return duct thereto and the 
fuel inlet, and a flow restricting element is incorporated 
in the fuel return duct. 

In the case of a variation of the temperature of the 
heater and working medium, respectively, the tempera 
ture-sensitive element ensures thatv both the number of 
revolutions of the fuel pump and that of the fan which 
is synchronized with the pump vary, as a result of which 
a larger or smaller quantity of fuel-and air of combus 
tion is supplied to the burner device. The said numbers 
of revoultions may be the same or be in a given con 
stant-proportion to each other. ' 

In thermodynamic reciprocating machines, the desir 
able ratio A air of combustion~fuel is not constant but 
depends upon the load of the fuel burner in the burner 
device. This ratio A should decrease when the load of 
the fuel burner increases, which means that in the case 
of a lower load a comparatively large excess of air of 
combustion is necessary and in the case of higher loads 
a comparatively small excess is necessary. In other 
words in the case of lower numbers of revolutions of 
the fuel pump and fan, respectively, in which the out 
puts are comparatively low and the fuel burner is only 
slightly loaded, it should be comparatively large, while 
in the case of higher numbers of revolutions, it should 
be comparatively small. 
A ratio that decreases when the number of revolu 

tions of the fuel pump and fan, respectively, increases, 
has been realized with simple means in the thermody 
namic reciprocating machine according to the inven 
tion. 
The pressure control valve in the fuel supply duct 

which during operation maintains a constant pressure 
at the outlet of the pump, opens when said pressure is 
reached and‘only then passes fuel to the burner device. 
Since upon opening of the valve the fuel pump operates 
with a given number of revolutions, hereinafter re 
ferred to as the critical number of revolutions, and the 
fan is coupled to the pump, the fan supplies already air 
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of combustion to the burner device before supply of 
fuel to said device takes place. 

in the case of pressures at the outlet of the pump 
below the opening pressure of the pressure control 
valve, respectively in the case of number of revolutions 
of the pump below the critical number of revolutions, 
all the fuel supplied by the pump ?ows back to the fuel 
container via the fuel return duct. During normal oper 
ation, that is to say with the pressure control valve in 
the open position and with a number of revolutions of 
the pump above the critical number of revolutions, a 
constant fuel flow is conducted away through the fuel 
return duct to the fuel container with a suitable 
choosen ?xed flow restricting element in said return 
duct irrespective of the number of revolutions then oc 
curring. As a result of this and due to the fact that the 
characteristics-output-number of revolutions of the 
fuel pump and fan are linear, it is achieved that the 
ratio A of air of combustion - fuel decreases when the 
number of revolutions of the said pump and fan, re 
spectively, increases. The linear characteristics may ex 
tend mutually in parallel or have mutually different 
slopes. 

In this manner it is possible for the ?ow of air of com 
bustion and fuel to be always in agreement in such 
manner that the excess of air in all the operating condi 
tions of the thermodynamic reciprocating machine is 
just sufficiently large to ensure complete combustion of 
the air-fuel mixture. 
The fuel return duct with flow restricting element 

need not always be provided separately. 
In an advantageous embodiment of the thermody~ 

namic reciprocating machine according to the inven 
tion, the fuel return duct with ?ow restricting element 
is an integral part of the fuel pump, the pump compris 
ing a cylindrical rotor capable of rotating with a very 
small amount of play in a cylinder surrounding it, the 
rotor or the cylinder comprising at least one shallow 
pumping groove which is situated in a plane transverse 
to the cylinder axis and which is interrupted in at least 
one place ofthe circumference by a dam the cylindrical 
outer surface of which coincides with the cylinder sur 
face of the rotor or the cylinder, a fuel supply commu 
nicating with the fuel container opening into the pum 
piung groove on one side of the dam, a fuel outlet 
which communicates with the fuel supply duct commu 
nicating with the said groove on the other side of the 
dam, the fuel return duct with ?ow restricting element 
being constituted by the pumping groove. Since the 
fuel return duct with flow restricting element consti 
tutes in this case as an internal leakage duct an integral 
part of the pump, a compact construction is obtained. 
Upon rotation of the rotor in the cylinder, fuel from 

the fuel container is taken along by viscous forces from 
the place where the fuel supply communicates with the 
pumping groove into the shallow pumping groove and 
pumped to the place of communication with the fuel 
outlet. Then the fuel is guided to the fuel supply duct. 
Such a pumping device supplies a quantity of fuel per 
unit of time which is directly proportional to the num 
ber of revolutions of the rotor and which is indepen 
dent of the viscosity. The latter is the case because both 
the internal fuel leak from the fuel outlet to the pump 
ing groove and the ?ow of fuel to the fuel outlet are in 
versely proportional to the viscosity of the fuel. This 
pumping device is not very bulky, a very small dead 
volume and is extremely simple and reliable. 
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4 
The pressure control valve serves not only as an aux 

iliary means in obtaining a desirable ratio A of air of 
combustion - fuel for various load conditions of the 
burner device and motor, respectively as described 
above, but it also ensures that the pressure at the outlet 
of the pumping device is substantially independent of 
pressure fluctuations which occur in the part of the fuel 
supply duct adjoining the burner device so that the fuel 
supplied to said part of the duct experiences no varia 
tions by the said ?uctuations. The ?uctuations may be 
a result of pressure variations in the atomiser air which 
become apparent in the fuel supply duct. 

It is to be noted that the system of fuel ducts of the 
thermodynamic reciprocating machine known from the 
said Dutch Pat. speci?cation 101,166 also comprises a 
pressure control valve. In this machine, however, it 
deals with a relief valve which communicates at one 
end with the outlet of the pumping device and commu 
nicates at the other end with the fuel return duct and 
which maintains the pressure in the fuel supply duct 
constant by passing a larger or smaller amount of fuel 
to the fuel return duct. In contrast herewith, in the de 
vice according to the invention the pressure control 
valve is incorporated in the fuel supply duct itself be 
tween the connection place of the fuel return duct 
thereto and the burner device, and said valve maintains 
the pressure at the outlet of the pumping device at a 
constant value independently of the pressure in the part 
of the fuel supply duct present between the control 
valve and the burner device, which latter pressure var 
ies for the above~mentioned reasons. 

In order to ensure in all circumstances that in the 
thermodynamic reciprocating machine according to 
the invention, a varied ?ow of fuel is passed unhindered 
by the pressure control valve and that the passed flow 
of fuel is independent of pressure variations occurring 
in the part of the fuel supply duct communicating with 
the burner device, a favorable embodiment of the ther 
modynamic reciprocating machine is characterized in 
that the pressure control valve comprises a housing 
having a fuel inlet chamber communicating with the 
pump and a fuel outlet chamber separated therefrom 
and communicating with the burner device, a valve 
seating being arranged between said chambers, a valve 
body being present which is capable of cooperating 
with the valve seating and releasing the passage thereof 
entirely or partly, fuel supplied to the control valve ex 
erting on the valve body a force which is directed away 
from the valve seating, resilient means being present 
which exert a force on the valve body in the direction 
of the seating, said means having a small spring con 
stant for providing a ?at fuel pressure-?ow characteris 
tic of the control valve, said control valve being fur 
thermore constructed so that forces as a result of the 
fuel pressure in the outlet chamber exerted on the valve 
body in a direction away from the seating are small rel 
ative to those resulting from the fuel pressure in the 
inlet chamber. 
Since the pressure control valve has a ?at pressure 

?ow characteristic, substantially no pressure variation 
will occur at the outlet of the pumping device upon var 
iation of the flow of fuel by variation of the number of 
revolutions of the pumping device. The varied fuel flow 
is then passed without hindrance. 
That the fuel in the outlet chamber of the pressure 

control valve can exert only minor forces on the valve 
body as compared with the forces exerted thereon by 
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fuel in the inlet chamber, provides the advantage that 
pressure variations occurring in the outlet chamber 
have only a small in?uence on the pressure at the outlet 
of the pumping device. The pressure variations may 
originate, for example, from the air which is guided 
past the atomizer for atomization of the fuel and which 
is supplied by a special atomizer-air compressor. For 
any number of revolutions of the pumping device, the 
flow of fuel supplied to the burner device then is sub 
stantially independent of the pressure variations which 
occur on the side of the pressure control valve facing 
the burner device. A' 

In order that the invention may be readily carried 
into effect, it will now be described in greater detail, by 
way of example, with reference to the accompanying 
drawings which are diagrammatic and not drawn to 
scale. 

BRIEF DESCRIPTIQN OF THE DRAWINGS 

FIG. ll shows a thermodynamic reciprocating ma 
chine having a burner device which is provided with an 
air-fuel control; 
FIG. 2a shows output-number of revolutions charac 

teristics for a fan and a fuel pump; this Figure further 
more shows which part of the ?ow of fuel supplied by 
the fuel pump is going to the burner device and which 
part is drained; 
FIG. ‘2b shows the ratio A of air of combustion-fuel as 

a function of the flow of fuel conveyed to the burner 
device with respect to the curves shown in FIG. 2a; 
FIG. 3 shows a fuel pump with an integral fuel return 

duct with ?ow restricting element; 
FIG. 4 shows an embodiment of a pressure control 

valve. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Reference numeral 1 in FIG. 1 denotes a cylinder of 
a hot gas engine, in which a piston 2 and a displacer 3 
can reciprocate with a phase difference. The piston 2 
and the displacer 3 are connected to a driving mecha 
nism not shown by a piston rod 4 and a displacer rod 
5, respectively. A compression space 6 is present be~ 
tween the piston 2 and the displacer 3, while an expan 
sion space 7 is present above the displacer 3. The com 
pression space 6 and the expansion space 7 communi 
cate with each other via a cooler 8, a regenerator 9 and 
a heater 10. Via the heater 10, thermal energy can be 
supplied to working medium in the engine, which me 
dium traverses a closed thermodynamic cycle. The 
heater 10 is constructed from a number of pipes 11 
which communicate at one end with the regenerator 9 
and at the other end with an annular duct 12 and a 
number of pipes 13 which communicate at one end 
with the annular duct 12 and at the other end with the 
expansion space 7. The hot-gas engine furthermore 
comprises a burner device 14 with which communi 
cates an inlet 15 for fuel, an inlet 16 for air of combus 
tion and an outlet 17 for exhaust gases communicating 
via the heater 10. 
The heater 10 comprises a thermocouple 18 as a 

temperature-sensitive element which determines the 
heater temperature and the electric signal of which is 
supplied to an amplifier 19. The number of revolutions 
of a fuel pump 20 and a fan 21 can be controlled by 
means of the ampli?ed output signal. Pump 20 and fan 
21 are coupled together via a shaft 22. Both the pump 

15 

25 

35 

40 

50 

55 

60 

a 
and the fan have an output which is directly propor 
tional to the number of revolutions. 
The inlet of pump 20 communicates with a fuel con 

tainer 23 and its outlet communicates via a fuel supply 
duct 24 with fuel inlet 15 of the burner device 14. At 
the outlet side of the pump 20, a fuel return duct 25 
communicates with its one end at the area 26 with fuel 
supply ducts 24 and with its other end it opens into fuel 
container 23. 
Between the connection place 26 and the fuel inlet 

15 of the burner device 14, a pressure control valve 27 
with compression spring 28 and valve body 28' is incor 
porated in the fuel supply duct 24 and maintains during 
operation a constant pressure at the outlet of the fuel 
pump 20. A flow restricting element 29 is incorporated 
in the fuel return duct 25. The fan 21 furthermore com 
municates via a supply duct 30 for air of combustion 
with the inlet 16 for air of combustion of the burner de 
vice M. 
The operation of the air-fuel control is as follows: 

When the temperature of the heater 10 decreases, for 
example, due to increased power consumption, the 
temperature-sensitive element 18 ensures that the 
number of revolutions of the fuel pump 20 and the fan 
21 coupled thereto is increased so that the quantities of 
air of combustion and fuel supplied to the burner de 
vice per unit of time increase while when the tempera 
ture of the heater increases, said element ensures that 
the number of revolutions decreases so that the quanti 
ties of air of combustion and fuel supplied to the burner 
device per unit of time decrease. 
The pressure control valve 28 ensures that fuel can 

flow to the burner device only from a given number of 
revolutions of the pump 20, namely at the number of 
revolutions at which the pressure at the outlet of the 
pump reaches the opening pressure of the valve 27, 
which opening pressure is determined by the force 
which the compression spring 28‘exerts on the valve 
body 28’. Below this critical number of revolutions, all 
the fuel supplied by the pump 29 flows via duct 25 with 
flow restricting element 29 back to fuel container 23. 
Above the critical number of revolutions at which the 

pressure control valve 27 is open and maintains a con 
stant pressure at the outlet side of the pump 20, a con 
stant portion of the flow supplied by the pump 20 flows 
back to the fuel container 23 via duct 25. 
That the return flow is then constant is due to the 

constant pressure at the inlet of duct 25 at the area 26 
and to the constant pressure drop across the fixed flow 
restricting element 29 (pressure in the container 23 
constant). The value of the constant, drained return 
flow with the pressure control valve 26 in the open po 
sition depends upon the choice of the ?ow restricting 
element 29. 
Both the pump and the fan have linear characteristics 

for output-number of revolutions. As a result of the lin 
earity of said characteristics and the constant drain re 
turn flow with the pressure control valve 27 in the open 
position, it is achieved that the ratio A air-fuel for the 
burner device is larger with comparatively low load 
(small fuel ?ows) than with comparatively high load. 
This is of great advantage because, owing to the prop 
erties of the fuel burners, a larger excess of air is neces 
sary to ensure complete combustion of the mixture 
with lower loads than with higher loads. 

All this is illustrated in FIGS. 2a and 2b. In FIG. 2a 
the number of revolutions n is plotted on the horizontal 



3,782,120 
7 

axis and the mass ?ow rir ( g/secs.) is plotted on the ver 
tical axis. Curve I relates to the mass ?ow of air pro 
vided by the fanand supplied to the burner device, 
curve II relates to the mass ?ow of fuel supplied by the 
pump of which a constant flow is drained from a given 
number of revolutions no on (the critical number of 
revolutions at which the pressure control valve opens) 
(curve III) and the remainder is supplied to the burner 
device (curve IV). 
By calculating for each value of the mass ?ow of fuel 

supplied to the burner device, the ratio supplied mass 
?ow air/fuel and dividing said ratio by the number 
which indicates how many grams of air are necessary 
to burn l g of the chosen fuel compeltely (number for 
which A = l), the graph shown in FIG. 2b is obtained 
in which the ratio A air-fuel versus the mass ?ow fuel 
III” supplied to the burner device is shown. From this 
it can be read that /\ decreases when the load increases 
(larger fuel ?ows) of the burner device, which is desir 
able for the above-mentioned reasons. 
As fuel pumps having linear characteristics fuel out 

put number of revolutions are to be considered, for ex 
ample, metering pumps. FIG. 3 shows a viscosity me 
tering pump in which the fuel return duct 25 with ?ow 
restricting element 29 of FIG. 1 form an integral part 
of said pump, so that a very compact construction for 
the air-fuel control system is obtained. Reference nu 
meral 41 denotes a rotor comprising a shaft 42 which 
can be coupled to the shaft of the fan of FIG. 1. 
The rotor comprises two shallow pumping grooves 43 

and 44. The depth of said grooves is, for example 40 
/um. The rotor furthermore comprises a considerably 
deeper outlet 45 the depth of which is, for example, 0.5 
mm. The grooves 43 and 44 are each provided with a 
dam 46 and 47, respectively, in which on one side of 
said dams the rotor comprises axial supply grooves 48 
and 49, respectively, which communicate the relevant 
grooves 43 and 44 with liquid supplies 48' and 49’. On 
the other side ofthe said dams the rotor comprises axial 
outlet grooves 50 and 51, respectively, which commu 
nicate the grooves 43 and 44 with the outlet duct 45. 
The rotor fits in ‘the cylinder 52 with a very small 
amount of play of a few ,um, which cylinder further 
more comprises an outlet 53 which communicates with 
duct 45, and supplies 60 and 61 which communicate 
with the ducts 48' and 49’. _ 
When the rotor 41 rotates in the direction of the ar 

row, the liquid in the grooves 43 and 44 is forced in the 
direction of the axial outlet grooves 50 and 51 by vis 
cous forces, liquid being drawn in from the ducts 48’ 
and 49' via the axial supply grooves 48 and 49. So from 
the supply grooves 48 and 49 the liquid is pumped 
through the grooves 43 and 44 to the duct 45 and then 
?ows away through the outlet 53. From the duct 45 
some leakage occurs to the grooves 43 and 44 which 
leakage depends of course on the viscosity of the liquid. 
Furthermore, in the same manner as the leakage, the 
out?ow resistance through the outlet 53 also depends 
upon the viscosity. This means that the total supplied 
liquid ?ow will be independent of the viscosity and di 
rectly proportional to the number of revolutions. 
The fuel return duct with ?ow restricting element in 

this case consists ofthe pumping grooves 43 and 44, re 
spectively. This is understood as follows: Due to the 
presence of the pressure control valve 27 on the outlet 
side of the pump, a constant pressure is impressed upon 
said outlet side with a number of revolutions above the 
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8 
critical number of revolutions. Consequently, the quan 
tity of fuel supplied by the pump is smaller than it 
would be in the absence of the said pressure control 
valve. This may be regarded as a virtual leakage of fuel 
through the resistance formed by the pumping groove 
against the direction of pumping. This virtual leakage 
is proportional to the pressure differential prevailing 
across the pump. Since said pressure differential is con 
stant, the virtual leakage ?ow therefore is also con 
stant. 

The viscosity metering pump is equally readily useful 
for gaseous and for liquid fuels while maintaining all 
the advantages. 

In the pump shown, each pumping groove comprises 
only one dam. In order to obtain an equilibrium of 
forces for the rotor, it is advantageous to provide each 
groove with three or more dams which are uniformly 
distributed on the circumference. 
The pressure control valve 27 of FIG. 1 should main 

tain the pressure on the outlet of the fuel pump 20 as 
constant as possible because pressure ?uctuations re 
sult in variations in the quantity of fuel supplied to the 
burner device. This also means that pressure variations 
originating from the burner device 14 and which be 
come apparent on the pressure control valve via the 
fuel supply duct 24 may not influence the pressure on 
the outlet of the fuel pump 20. 

In order to realize this, a pressure control valve as 
shown in FIG. 4 may be used. This pressure control 
valve consists of a housing 70 having an inlet chamber 
71 and an outlet chamber 72 between which a valve 
seat 73 is arranged the passage of which can be re 
leased and closed, respectively, more or less by a dia 
phragm 74 as a valve body, which diaphragm is secured 
to the housing 70. The outlet chamber 72 has an annu 
lar duct 72’ adjoining the diaphragm 74. A compres 
sion spring 75 is furthermore present and exerts a force 
on the diaphragm 74 in the direction of the valve seat 
ing 73 and which has a small spring constant (weak 
spring). A compression spring 76 is also present which 
forces the diaphragm 74 against the housing 70. 
Fuel supplied to the inlet chamber 71 exerts a force 

on the diaphragm 74 which tends to displace said dia 
phragm in the direction remote from the valve seating 
73. 
Owing to the slackness of diaphragm 74, a small vari 

ation in the fuel pressure in the inlet chamber results in 
a comparatively large displacement of the diaphragm 
and hence a comparatively large variation in the passed 
fuel ?ow. 
Due to the large area of diaphragm 74 which is sub 

ject to the fuel pressure in the inlet chamber 71 as com 
pared with the diaphragm area which is subject to the 
fuel pressure in the outlet chamber 72, the latter plays 
no signi?cant part in the play of forces on the dia 
phragm and a variation in the fuel pressure in the outlet 
chamber has substantially no in?uence on the pressure 
in the inlet chamber. Pressure variations originating 
from the burner device 14 then have no in?uence on 
the pressure on the outlet of fuel pump 20 and on the 
?ow of fuel supplied to the burner device. 

If, in order to obtain a ?ow of fuel which is indepen 
dent of variations in the viscosity, a viscosity pump as 
the one described here is used, the pressure metering 
which maintains the pressure control valve may possi 
bly not be kept constant but be varied in accordance 
with the viscosity. This can be achieved by using a bi 
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metal compression spring which exerts a force on the 
diaphragm 74 of FIG. 4 varying with the ambient tem 
perature. Even more complete but more expensive is 
the solution in which a second viscosity metering pump 
rotates with a constant number of revolutions and, with 
the same fuel as that which is supplied to the burner de 
vice, exerts a force on the diaphragm 74 in the direc 
tion of the valve seating 73 instead of the compression 
spring 75. 
What is claimed is: 
1. In a thermodynamic reciprocating machine opera 

ble with a source of fuel and air, and including a burner 
having an air inlet and a fuel inlet, and a heater heated 
by the burner, the improvement in combination there 
with of a rotary fan supplying air from said source to 
said air inlet, a rotary fuel pump supplying fuel from 
said source to said burner fuel inlet, the fan and pump 
each having a flow output directly proportional to the 

15 

rotor‘s number of revolutions, means for driving said ' 
fan and pump simultaneously at the same speed, a 
temperature-sensitive element registering the tempera 
ture of the heater and providing a corresponding con 
trol signal for controlling said speed of the fan and 
pump, the pump having an outlet and a fuel supply duct 
from said outlet to said burner fuel inlet, a pressure 
control valve in said fuel supply duct intermediate said 
burner inlet and the pump outlet for maintaining con 
stant pressure of fuel ?ow therethrough, a flow junction 
in said fuel supply duct intermediate said valve and said 
pump outlet, a fuel return duct from said junction to 
said fuel source, a ?ow restricting element in said re 
turn duct, whereby, the temperature-sensitive element 
when registering a higher temperature causes slower 
speed of said fan and pump and vice versus, and said 
control valve provides a greater air fuel ratio 7 as said 
speed is increased and total output of said pump and 
fan is increased. 

2. Apparatus according to claim 1 wherein said fuel 
pump comprises a housing with acylindrical bore and 
axis, a cylindrical rotor that rotates within said bore 
and about said axis with adjacent bore and rotor sur 
faces having a close ?t, first, second, and third circum 
ferential grooves axially'and sequentially spaced apart 
in one of said surfaces, the ?rst being a liquid supply 
groove, the second a pumping groove, the third an out-‘ 
let groove, also in said surface an axial supply groove 
communicating said ?rst and second grooves and an 
axial outlet groove communicating said second and 
third grooves, said third groove being slightly deeper 
than the second groove, means for communicating fuel 
from the fuel supply to said liquid supply groove, and 
means‘ for communicating fuel from said outlet groove 
to said fuel supply duct, said pumping groove constitut 
ing said fuel return duct and flow restricting element. 

3. ln a thermodynamic reciprocating machine opera 
ble with a source of fuel and air, and including a burner 
having an air inlet and a fuel inlet, and a heater heated 
by the burner, the improvement in combination there 
with of a rotary fan supplying air from said source to 
said air inlet, a rotary fuel pump supplying fuel from 
said source to said burner fuel inlet, the fan and pump 
each having a ?ow output directly proportional to the 
rotor’s number of revolutions, means for driving said 
fan and pump simultaneously at the same speed, a 
temperature-sensitive element registering the tempera 
ture of the heater and providing a corresponding con 
trol signal for controlling said speed of the fan and 

20 

25 

30 

35 

40 

65 

10 
pump, the pump having an outlet and a fuel supply duct 
from said outlet to said burner fuel inlet, a pressure 
control valve in said fuel supply duct intermediate said 
burner inlet and the pump outlet for maintaining con 
stant pressure of fuel flow therethrough, a ?ow junction 
in said fuel supply duct intermediate said valve and said 
pump outlet, a fuel return duct from said junction to 
said fuel source, a flow restricting element in said re 
turn duct, whereby, the temperature-sensitive element 
when registering a higher temperature causes slower 
speed of said fan and pump and vice versus, and said 
control valve provides a greater air fuel ratio ‘y as said 
speed is increased and total output of said pump and 
fan is increased wherein said fuel pump comprises a 
housing with a cylindrical bore and axis, a cylindrical 
rotor that rotates within said bore and about said axis 
with adjacent bore and rotor surfaces having a close fit, 
first, second, and third circumferential grooves axially 
and sequentially spaced apart in one of said surfaces, 
the first being a liquid supply groove, the second a 
pumping groove, the third an outlet groove, also in said 
surface an axial supply groove communicating said first 
and second grooves and an axial outlet groove commu 
nicating said second and third grooves, said third 
groove being slightly deeper than the second groove, 
means for communicating fuel from the fuel supply to 
said liquid ‘supply groove, and means for communicat 
ing fuel from said outlet groove to said fuel supply duct, 
said pumping groove constituting said fuel return duct 
and ?ow restricting element. 

4. Apparatus according to claim 2 wherein all of said 
grooves are in the rotor’s outer circumferential surface. 

5. Apparatus according to claim 2 wherein all of said 
grooves are in said bore surface. 

6. Apparatus according to claim 6 wherein said hous 
ing has a ?rst duct having one end receiving fuel from 
said fuel supply and a second end terminating as an ap 
erture in said bore surface discharging to said supply 
groove, and a second duct having one end terminating 
as an aperture in said bore surface for receiving fuel 
from said outlet groove and a remote end for discharg 
ing to said fuel supply duct. 

7. Apparatus according to claim 2 wherein said sec 
ond groove has depth of approximately 40/um and said 
third groove has depth of approximately 0.5m. 

8. Apparatus according to claim 2 further comprising 
fourth and ?fth circumferential grooves situated axially 
and sequentially with respect to said first, second, and 
third grooves, the fourth groove being a pumping 
groove substantially the same as said second groove, 
the fifth groove being a supply groove substantially the 
same as said second groove, and a second axial supply 
groove communicating the fourth and fifth grooves, 
and a second axial outlet groove communicating said 
fourth and third grooves, and further means communi 
cating said fuel supply with said fifth groove, whereby 
forces on the rotor are axially balanced. 

9. Apparatus according to claim 1 wherein said pres 
sure control valve comprises a housing defining therein 
separate fuel inlet and outlet chambers, which commu 
nicate respectively with said pump and burner inlet, 
and a passage interconnecting said chambers, the pas 
sage including a valve seat, valve means operable with 
said seat to releasably seal and separate said chambers, 
resilient means urging said valve means to remain 
sealed, whereby fuel, supplied to said inlet chamber 
tends to open said ,rvalve, said resilient means having a 
small magnitude spring constant for providing a sub 
stantially flat fuel pressure-?ow characterisic, said 
valve being opened when said fuel pressure in the inlet 
chamber is greater than pressure of said resilient 
means. - 

* * * 1|‘ * 
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