
United States Patent 1191 1111 3,780,528 
Brandenburg [45] Dec. 25, 1973 

[54] THERMODYNAMIC RECIPROCATING 158] Field of Search ........ .. 60/3927, 24 D. 39.28 R. 
MACHINE WITH CONTROLLED FUEL/AIR 60/3928 T, 39.29, 39.63 
SUPPLY _ f C 

[56] Re erences ited [75] Inventor: Klaus Brandenburg, 
Kirchen-Wehbach, Germany UNlTED STATES PATENTS 

_ . _ _ 2,631,426 3/1953 Jewett .......................... .. (SO/39.27 x 

[73] Asslgnee= U-S- Philips Corporation, New 3,117,417 1/1964 Rutkowski .. .......... .. 60/3917 x 
York, N.Y. 3,255,586 6/1966 Hennig , . . . . . . . . . , . . . . . . . .. 60/3927 X 

[22] Filed_ Feb 16 1972 3,584,459 6/1971 Amann ............................ _. 60/3927 

[21] Appl. No.: 226,913 Primary Examiner-Clarence R. Gordon 
Artorney—Frank R. Trifari 

[30] Foreign Appllcatlon Prlonty Data [ 57 1 ABSTRACT 
Mar. 4, 1971 Netherlands ..................... .. 7102862 A thermodynamic reciprocating engine in combina_ 

tion with a carburetor having inlets and control 
' ‘[52] us’ Cl‘ """" " 60/39'27’ 602351863’ apparatus responsive'tdair andTuel'flOw for providing 

[51] 1m. (:1. ............................................ .. F02g 3/02 opt‘mum “cram”- ' 

5 Claims, 3 Drawing Figures 



3.780.528 PATENTEU BER 2 5 I975 
SHEET 1 [IF 2 



PATENTEDBECZS um I 3.780.528 
sum 2 of 2 

A p2 FROM 20 

Ap1 FROM 15 ' 5 ,v - Ap1 FROM 15 

All)1 

Apz FROM 20 F ig.3 



3,780,528 
1 

THERMODYNAMIC RECIPROCATING MACHINE 
WITH CONTROLLED FUEL/AIR SUPPLY 

The invention relates to a thermodynamic recipro 
cating machine comprising a burner device having a 
fuel inlet as well as an inlet for air of combustion with 
which a duct of air of combustion communicates, 
which latter communicates with the outlet of a device 
for supplying air of combustion coupled to a shaft of 
the machine, in which a control apparatus reacting to 
at least one parameter of the machine is present for 
controlling a fuel flow to the fuel inlet and in which the 
quantity of air of combustion to be supplied is con 
trolled in proportion to the supplied quantity of fuel by 
means of a control member which operates a control 
mechanism in the duct for air of combustion, in which 
duct a ?ow restricting element is present which pro 
vides a signal proportional to the speed of the flow of 
air of combustion through the said duct,'which signal 
influences the control member. 

In thermodynamic reciprocating machines it is 
known to couple a fan for the supply of air to the 
burner device directly to the shaft of the machine so 
that the number of revolutions of the fan is determined 
only by the number of revolutions of the machine. 
This is often done in machines of high powers in 

which the comparatively high power required for driv 
ing the fans is directly supplied by the machines them 
selves. 
The control apparatus which controls the fuel supply 

to the burner device can react to one or several param 
eters. For example, it may react only to the heater tem 
perature of the machine (British Patent Speci?cation 
895,869), to both the heater temperature and to the av 
erage pressure of the working medium in the machine 
(British Patent Speci?cation 65 5,935). or, for example, 
to the said average pressure in combination with the 
number of revolutions of the machine (British Patent 
Speci?cation 691,785, Dutch Patent Speci?cation 
68,679). 
Control in a thermodynamic reciprocting machine of 

the quantity of air of combustion to be supplied to the 
burner device in proportion to the quantity of fuel sup 
plied is known from the said British Patent Speci?ca 
tion 895,896. In this known machine, pressure differen 
tial gauges are arranged in the fuel duct and the duct 
for the supply of air of combustion, which gauges in?u 
ence, independently of each other but in opposite 
senses, the same control member of a hydraulic system 
which controls the position of a throttle valve as a con 
trol mechanism in the duct for air of combustion in ac 
cordance with the flow of fuel. Since the flows of fuel 
to the burner device are comparatively small, measure 
ment of said ?ows with a pressure differential gauge is 
hardly possible in a reliable manner. The pressure drop 
across measuring plates in small fuel ?ows depends 
upon temperature because in that case the flow 
through said plates is not turbulent but laminar. 
As a result of this the ratio air~fuel can easily differ 

from the desirable value. The use of a pressure differ 
ential gauge in the fuel duct therefore exhibits draw 
backs. 

In thermodynamic reciprocating machines in which 
the fan is coupled to a shaft of the machine and in 
which the supply of air of combustion is controlled in 
direct dependence upon the fuel supply, it is a problem 
-- since the use of a fuel pressure differential gauge is 
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2 
avoided for the above-mentioned reasons -- to adapt 
the control of air with a given fan characteristic (yield 
versus number of revolutions) to the fuel control in 
such manner that irrespective of the number of revolu 
tions of the fan the correct air-fuel ratio is always ob 
tained. ‘ 

The use of complicated and expensive electronic cir~ 
cuits (for example diode networks) which derive a suit 
able control signal for the flow of air of combustion 
from each control signal for the fuel ?ow, is then sub 
stantially unavoidable. 
Since the choice of the fan depends upon the type of 

machine (both as regards power and application) in 
question, and each type of fan has its own characteris 
tic, this means that for each type of machine with asso 
ciated type of fan an air-fuel control system is neces 
sary which has been developed especially for this type. 
In addition to the condition that a satisfactory solution 
is not possible in all cases, it is undesirable for practical 
and economic reasons that each type of machine with 
associated type of fan should need a separate air-fuel 
control system and that the same number of control 
systems as the number of machine types should be nec 
essary. 

It is the object of the present invention to mitigate the 
said drawbacks. 
For that purpose, the thermodynamic reciprocating 

machine according to the invention is characterized in 
that a device is present for supplying a pressure me 
dium under a constant pressure and having a mediun 
outlet with which a medium outlet duct communicates, 
the medium outlet duct, taken from the medium outlet, 
comprising successively a control element, a further 
flow restricting element and a ?xed restriction, the con 
trol apparatus also operating the control element for 
controlling the ?ow of medium through the medium 
outlet duct in proportion to the ?ow of fuel controlled 
by said apparatus, the further flow restricting element 
providing a further signal which is proportional to the 
speed of the flow of medium and which influences the 
control member in a sense opposite to the signal origi 
nating from the flow restricting element. 

In the present case, the ?ow of air of combustion is 
not controlled directly but indirectly, via the medium 
?ow as an auxiliary ?ow, in proportion to the ?ow of 
fuel. The medium flow may be large in comaprison with 
the fuel flow so that the further ?ow restricting element 
provides a comparatively large signal representing the 
medium flow in a reliable manner. 
The control apparatus ensures that the ?ow of me 

dium is varied in proportion to the fuel flow, for which 
purpose the characteristic of the fuel control element 
and that of the medium control element are adapted to 
each other. 
The control apparatus may have a universal con 

struction and application. 
Since the ?ow of air of combustion is directly coma 

pred with and controlled in accordance with likewise a 
flow, the medium flow in a separate medium control 
system, no special measures are required to obtain the 
desirable proportionality between the flows of air of 
combustion and medium. The characteristic of the fan 
substantially plays no part of importance any vlonger. 
The medium control system may have a universal 

construction; the elements from which this circuit is 
constructed may be the same for all the cases occurring 
in practice. 
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Measurement of small ?ows of fuel with all the dif?~ 
culties involved is no longer necessary. 

In this manner a universal air-fuel control system of 
an inexpensive and simple construction is obtained for 
thermodynamic reciprocating machines having their 
fan coupled to a shaft of the machine, irrespective of 
the type of machine and fan characteristic. The re 
quired adaptation of the air control to the fuel control 
occurs once and is generally solved in designing the 
control system, and is incorporated in said system. 
As regards the ?ow restricting element and the fur 

ther ?ow restricing element, respectively, there is a 
great possibility in choice. 
To be considered are, for example, Pitot tubes Ven 

turi tubes, measuring plates which all provide a pres 
sure differential as a signal. This pressure differential 
may directly in?uence the control member, for exam 
ple, in the manner as described in the British Patent 
Speci?cation 895,869. The pressure differential may 
also be converted, for example, into an electric signal 
in a pressure converter and the resulting signal be ap 
plied to an electric comparison element which reacts as 
a control member to the difference between two elec 
tric signals representing the ?ow of air of combustion 
and the medium ?ow, respectively. 
Furthermore, for example, pressure sensors may be 

used which sense the overall pressure (static pressure 
plus dynamic pressure) and supply a pressure signal 
which again directly in?uences the control member or 
is ?rst converted into another signal, for example an 
electric signal. 
To be considered are also anemometers, for example 

hot wire ?ow meters, the latter providing an electric 
signal directly. 
Of course, the flow restricting element and the fur 

ther ?ow restricting element in the same control system 
need not be the same type of element, that is to say the 
?ow restricting element may be, for example, a Ven 
turi, while the further ?ow resricting element is a Pitot 
tube, a measuring plate, an overall pressure sensor and 
so on, provided the signal characteristics correspond 
mutually. 
As a flow restricting element in the duct for air of 

combustion is to be preferred an element which pro 
vides a pressure differential (dynamic pressure gauge) 
over an element which provides one pressure signal 
(static pressure plug dynamic pressure). The reason for 
this is that the pressure in the burner device may vary 
in certain circumstances so that the static pressure in 
the duct for air of combustion communicating there 
with may also vary. In the case of measurements on the 
basis of pressure differentials, the in?uences of the var 
iations of the static pressure in the duct for air of com 
bustion on the determination of the ?ow of air of com 
bustion is eliminted. 

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 
diagrammatic drawings which are not drawn to scale. 
FIG. I shows a thermodynamic reciprocating ma 

chine having a fan coupled to a shaft of the machine 
and comprising an air-fuel control system. 
FIG. 2 shows an embodiment of a pressure differen 

tial converter in which a difference in two pressures 
supplied to it are converted into an electric signal. 
FIG. 3 shows an embodiment of a combined pressure 

differential comparison and converting element in 
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4 
which two pressure differentials (four pressure signals) 
supplied thereto are compared and the difference 
therebetween is converted into an electric signal. 
Reference numeral 1 in FIG. 1 denotes a thermody 

namic reciprocating machine comprising a burner de 
vice 2 having a fuel inlet 3 with which a fuel duct 4 
communicates and comprising an inlet 5 for air of com 
bustion with which a duct 6 for air of combustion com 
municates which conmunicates with the outlet 7 of a 
fan 9 coupled to a shaft 8 of the machine 1. A control 
apparatus 10 which reacts to the electric signal origi 
nating from a temperature~sensitive element 11 and 
which element senses the temperature of a heater of 
the machine not, shown operates an electromagnetic 
valve 12 in the fuel duct 4. By means of said valve a fuel 
?ow to the burner device 2 is controlled in accordance 
with the heater temperature. When the heater tempera 
ture increases, for example by reduction of the power 
derived from the machine, the control apparatus 10 en 
sures that the valve 12 is closed more so that less fuel 
flows to the burner device 2. Conversely, when the 
heater temperature decreases, the control apparatus 10 
ensures that the valve 12 is opened more so that more 
fuel is passed. Fuel may be supplied in the manner as 
described, for example, in the British Patent Speci?ca 
tion 895,869. 
A control member 13 operates a control mechanism 

14, for example a throttle valve, in the duct for air of 
combustion. The control member controls in accor 
dance with the difference signal between the signals 
originating from a ?ow restricting element 15 present 
in the duct 6 for air of combustion and from a further 
?ow restricting element 20, which elements each sup 
ply a signal which is proportional to the flow rate 
through the relevant duct. A device 16 is present which 
supplies a pressure medium under a constant pressure 
and in this case consists of a compressor for atomized 
air which normally is already present to supply the air 
which is guided along the atomizers of the fuel burners 
so as to obtain a good nebulisation of the fuel. The 
compressor 16 comprises an outlet 17 with which an 
outlet duct 18 communicates. Incorporated in they out 
let duct 18 are an electromagnetic valve 19 as a control 
element for the air ?ow through the outlet duct, the 
further ?ow restricting element 20 which, as already 
stated, in?uences the control member 13, and a fixed 
restriction 21. 
The control apparatus 10 operates both the valve 12 

in the fuel duct 4 and the electromagnetic valve 19. 
The characteristics of electromagnetic valves 12 and 

19 are matched mutually, as well as the characteristics 
of the flow restricting element 15 and the further flow 
restricting element 20. Otherwise, as already stated in 
the preamble, the ?ow restricting element and the fur 
ther ?ow restricting element may be different types of 
instruments, while other instruments are to be consid 
ered, for example, Pitot tubes, Venturis, measuring 
plates with which pressure differentials proportional to 
the ?ow rate are produced, pressure sensors which 
measure the overall pressure or anemometers such as 
electric anemometers which provide an electric signal 
which is a measure of the ?ow. 
The control member 13 may be a hydraulic control 

member which is controlled hydraulically by pressure 
and pressure differential signals, respectively, originat 
ing from elements 15 and 20. It may also be an electric 
comparison element which compares electric signals 
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originating directly from elements 15 and 20 (anemom 
eters) or originating therefrom indirectly (pressure dif 
ferential) signals converted into electric signals) and 
operates the control mechanism 14 on the basis of the 
difference signal. 
Conversion of a pressure differential into a corre 

sponding electric signal may be carried out, for exam 
ple, in a converter as shown in FIG. 2 to be described 
hereinafter. 
When the elements 15 and 20 supply pressure differ 

entials while control mechanism 14 is controlled elec 
trically, a combined unit may be used as is shown in 
FIG. 3 to be described hereinafter. 
The operation of the control system shown in FIG. 1 

is further as follows. 
During operation, air of combustion is supplied to the 

burner device 2 by the fan 9 coupled to the shaft 8 of 
the machine 1 while fuel is supplied to the said burner 
device via fuel duct 4, in a manner not shown. 
Compressor 16 supplies a flow of air of a suf?ciently 

high pressure relative to the atmospheric pressure, 
which flows away to the atmosphere via outlet duct 18. 
in a certain ?xed position of the valve 19 a constant air 
flow flows through the duct 18 and the pressure be 
tween said valve and the ?xed restriction 21 is also con 
stant with the exception of a possible influence of varia 
tions in the ambient pressure hereon. When the latter 
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is disturbing, the element 20 may be of the type which ' 
provides a pressure differential. The in?uence of ambi 
ent pressure variations is then eliminated in an analo 
gous manner to the in?uence of pressure variations in 
the burner device of the duct for air of combustion. 
When the heater temperature decreases, this results 

in a variation in the electric signal supplied by the 
temperature-sensitive element 11 in such manner that 
the control apparatus 10 further opens both the valve 
12 and the valve 19 and that both the fuel flow in the 
fuel duct 4 and the air ?ow through the outlet duct 18 
increase to th same extent. As a result of this, the signal 
produced by the further ?ow restricting element 20 
also varies, increases in value, which has for its result 
that the control member 13 further opens the control 
mechanism 14 and more air of combustion ?ows to the 
burner device 2. 
Owing to the larger ?ow of air of combustion, the 

value of the signal produced by the ?ow restricting ele 
ment 15 will also increase in the ?rst instance as a re 
sult of which the control member 13 is forced to 
slightly close again the control mechanism 14 which in 
turn results in a reduction of the signal produced by the 
?ow restricting element 15 as a result of which the con 
trol mechanism 14 is again opened slightly further, and 
so on. By suitable mutual matching of the relevant 
components of the control system, however, such an 
oscillation effect is prevented and the equilibrium con 
dition is rapidly reached. When the heater temperature 
increases, the control system operates in the opposite 
direction from in the case of a decrease of the heater 
temperature, that is to say, the control apparatus 10 in 
that case closes the valves 12 and 19 further so that the 
?ow of air through the outlet duct 19 decreases to the 
same extent as the fuel ?ow through the fuel duct 4. 
The valve of the signal supplied by the further ?ow 

restricting element 20 also decreases, which has for its 
result that the control member 13 closes the control 
mechanism 14 further and less air of combustion is 
passed. 
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6 
instead of as is shown in the ?gure, the control mech 

anism 14 may also be provided in other places, for ex 
ample, between the fan 9 and the ?ow restricting ele 
ment 15 or on the inlet side of the fan. When the num~ 
ber of revolutions of the machine and hence the num 
ber of revolutions of the fan vary, the signal supplied by 
the ?ow restricting element 15 will also vary due to the 
varied fan yield. In that case the control member 13 
will further open or close the control mechanism 14 so 
that upon variation of the number of revolutions of the 
fan the quantity of air of combustion passed to the 
burner device 2 remains unchanged irrespective of the 
fan characteristic. The control system described is sim 
ple and compact of construction, may have a universal 
construction and application for all types of thermody 
namic reciprocating machines having a fan coupled to 
a shaft of the machine, irrespective of the type of fan. 
Of course, all kinds of other devices are possible which 
supply a pressure medium under a constant pressure, 
for example, a medium storage container. Not only 
gases but also liquids are to be considered as media. 
Medium which has ?owed through the outlet duct need 
not necessarily be dissipated to the atmosphere but 
may be caught, if desirable, and then be returned to the 
device. 
Reference numeral 30 in FIG. 2 denotes a housing in 

which a diaphragm 31 is arranged which is secured to 
the housing and which separates a chamber 32 from a 
chamber 33. Chamber 32 is accessible via an inlet 34, 
chamber 33 via an inlet 35. 
The diaphragm 31 supports a magnetic element 36 

which faces a soft iron core 37 with induction coil 38 
arranged inside the chamber 33. Electric conductors 
39 are connected to the induction coil and are passed 
out through the wall of the housing 30. 
When the magnetic element 36 moves in the direc 

tion of the core 37, an electric signal is produced in the 
induction coil 38 the value of which signal is propor 
tional to the distance over which the magnetic element 
36 moves. 

The two different pressures which are supplied by the 
flow restricting element 15 or the further flow restrict 
ing element 20, constructed, for example, as Venturis, 
may be applied to the inlets 34 and 35. 
When the ?ow of air of combustion and medium, re 

spectively, through the outlet duct varies, and hence 
the pressure differential produced, the electric signal of 
the induction coil 38 varies proportionally thereto 
since the pressure differential across the diaphragm 31 
varies so that said diaphragm moves towards the core 
37 or away from it. 
FIG. 3 shows a housing 40 having a partition 41 

which divides the space inside the housing into two sub 
spaces. One sub-space consists of two chambers 42 and 
43 separated from each other by a diaphragm 44, the 
other subspace consisting of two chambers 45 and 46 
separated from each other by a diaphragm 47. 
Diaphragms 44 and 47 are connected at one end to 

the housing 40 and at the other end to a common rod 
48 which can reciprocate in the axial direction and is 
passed through the partition 41 through an aperture 49. 
Chambers 42, 43, 45, 46 each comprise an inlet 50, 

51, 52 and 53, respectively. At its one end the rod 48 
comprises a magnetic element 54 which faces a soft 
iron core 55 with induction coil 56 arranged inside the 
chamber 42 and to which electric conductors 57 are 
connected which are passed to the exterior through the 
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wall of the housing 40. When the rod 48 again moves 
in the direction of the assembly core S5/induction coil 
56, an electric signal is induced in the coil 56 in this 
case also the value of which is proportional to the dis 
tance over which the rod 48 has moved. 
By supplying the ressur differential Ap, to the cham 

bers 42 and 46 which represents the ?ow of air of com 
bustion, and by supplying the pressure differential Apz 
which represents the medium flow in the outlet ductto 
the chambers 43 and 45, an equilibrium condition is 
obtained in which the rod 48 assumes a given position 
with a corresponding electric signal on the induction 
coil 56. The forces on the rod and the result of the pres 
sure differentials prevailing across the diaphragms 44 
and 47 then make equilibrium with the forces on the 
said rod as a result of the tension forces in the dia 
phragms. 
When the pressure differential Apz varies, the equilib 

rium of forces is disturbed and the rod 48 assumes a 
new position in which a new equilibrium of forces is 
achieved. Induction coil 56 then supplies a new electric 
signal corresponding to the new position. 
The control mechanism 14 in the duct 6 for air of 

combustion of FIG. 1 can be directly controlled by the 
signal supplied by the induction coil 56. 
The same medium is present in the chambers 43 and 

45. Any medium leakage from the higher to the lower 
pressure chamber therefore provides no complications, 
while the pressure differential between the chambers is 
hardly in?uenced by small leakage. 
What is claimed is: 
1. In a thermodynamic engine including a burner for 

combustion of fuel and air, with a fuel inlet fed by a fuel 
duct, an air inlet fed by an air duct, a ?ow valve in each 
of said ducts, a heater heated by the burner, a tempera 
ture sensing element indicating heater temperature, a 
device for supplying air to said air duct, drive means 
from said engine to said device, the improvement in 
combination therewith of control apparatus responsive 
to at least one parameter of the engine for controlling 
said fuel ?ow and for controlling said air ?ow to be pro 
portionate to said fuel ?ow, comprising, an air flow re 
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8 
stricting element in the air duct intermediate said air 
supply device and the air ?ow valve responsive to air 
?ow therethrough and providing a corresponding 1st 
signal, a source of constant pressure ?uid medium, an 
outlet duct for said medium ?ow, a main valve control 
ling ?ow through said outlet duct, a second ?ow re 
stricting element in said outlet duct downstream of said 
main valve for providing a second ?ow signal, a ?xed 
restriction in said outlet duct downstream of said sec 
ond ?ow-restricting element, a control apparatus re 
sponsive to signals from said temperature sensing ele 
ment for opening wider said fuel duct valve and said 
main valve in said medium outlet duct when tempera 
ture is low, and vice versus, a control member receiving 
said ?rst and second ?ow signals respectively from said 
?ow restricting elements in said air flow and ?uid me 
dium ?ow ducts, for determining the difference be— 
tween said signals, and producing a resulting control 
signal to said air flow valve. 

2. Apparatus according to claim 1 wherein said air 
?ow element and ?uid medium ?ow restricting element 
register the ?uid pressure of the fluid ?ow in the corre 
sponding ducts. 

3. Apparatus according to claim 1 wherein said ?uid 
medium is a gas. 

4. Apparatus according to claim 1 wherein said ?uid 
medium is a liquid. 

5. Apparatus according to claim 1 wherein said con 
trol member comprises a housing with ?rst and second 
ports, a diaphragm within the housing dividing same 
into ?rst and second chambers, an electromagnetic 
transducer having one ?xed and one moving part, one 
of these parts secured to said diaphragm and the other 
to the housing in the ?rst chamber, the ?rst and second 
ports communicating with said ?ow-restricting ele 
ments respectively of the medium ?ow and air ?ow 
ducts, whereby the diaphragm registers the pressure 
differential between said elements and the electromag 
netic transducer is actuated by the diaphragm and pro 
duces a corresponding electrical signal to said flow 
valve in the air flow duct. 

* * * * * 


