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UNITED STATES PATENT OFFICE 
2,395,583 

AUTOMATIC CoNTROL FOR WASTE 
HEAT BOLERS - 

Felix Saco, Jr., West Hartford, and William R. 
Williamson, Hartford, Conn., assignors to The 
Maxim Silencer Company, Hartford, Conn., a 
corporation of Connecticut 

Application August 15, 1942, serial No. 454,966 
(C. 122-7) 9 Claims, 

This invention relates to apparatus for utiliz 
ing the waste heat from the exhaust gases of in 
ternal combustion engines, or other low tempera 
ture gas source, and in particular is concerned 
with an automatic control for a waste heat boiler 
System. 
The principal object of the invention is to vary 

automatically the amount of heating Surface in 
the boiler which is in contact with the water 
therein whereby the heat transferred from the 
gases to the Water Varies in accordance With the 
Steam demand. Thus the steam generated may 
be made to vary from zero, when no water is in 
the boiler, to a maximum; depending upon the 
amount of heat available and the size and effi 
ciency of the boiler. Due to the relatively low 
temperatures found in the exhaust gases of in 
ternal Combustion engines, no damage to the 
boiler results from its running dry. 

In the system described herein, this automatic 
control is preferably accomplished by the use of 
tWO steam pressure operated valves, one of which 
governs the flow of feed Water to the boiler and 
the other of which governs the flow of water 
from the boiler to a condensate receiver. 
This System differs from the automatic control 

system described by usin our United States pat 
ent application Serial No. 426,868, filed January 
15, 1942, in that the prior system involved the 
use of a gravity feed drum external to the boiler 
whereby an increase in steam pressure resulting 
from a decrease in steam demand forced water 
from the boiler into the drum against gravity, 
thus reducing the contact area of the boiler and 
So the amount of steam generated. A reducing 
valve in the steam line between the boiler and 
external drum permitted the system to be ad 
justed to operate at a predetermined steam pres 
Sure, and permitted a pressure differential to 
exist between the boiler and the external drum 
Whereby the flow of Water into and out of the 
boiler took place. 
In automatic control systems of this type 

wherein a change in operating conditions initiates 
a correcting procedure, a certain time lag is in 
troduced resulting in a cyclic change commonly 
called "hunting.' Thus, the steam pressure may 
slowly vary plus and minus from a predetermined 
value. This is ordinarily of no great importance, 
but it is desirable to reduce the amount of hunt 
ing to a minimum. In the system described here 
in, it is of prime importance to have a steam pres 
sure operated valve in the Water supply line to 
the boiler. Thus, when the steam demand is 
reduced, the pressure in the boiler rises and this 
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in turn shuts off the Water supply. Hunting due 
to this valve alone is reduced by having this feed 
line Valve of the gradual closing type. A simple, 
Spring loaded, pressure relief Valve may be used 
in the return line between the boiler and a con 
densate tank. We prefer, however, to use a 
steam pressure operated relief valve rather than 
the simple spring loaded valve, since the latter 
is also affected by the water head in the boiler 
and therefore Would not close at a definite pre 
determined steam pressure. Furthermore, the 
steam pressure operated relief Valve, in conjunc 
tion with the inlet valve, above described, may be 
so adjusted as to reduce hunting to a very satis 
factory low value. 
Thus far, We have referred to the control valves 

as being operated directly by steam pressure, but 
we point out that they may be operated indirectly 
by Steam pressure through an intermediate sys 
tem involving electrical, mechanical or hydraulic 
linkages. For simplicity in describing the in 
vention, however, we shall refer to these valves 
as being directly operated by the steam pressure 
in the boiler. 
The functions of the two valves above de 

Scribed may be exercised by a single, pressure 
operated, three-way Walve, if the design consid 
erations so indicate. 

For a more complete understanding and de 
scription of the invention, we refer to the draw 
ings in which, 

Fig. 1 shows a schematic diagram of a system 
involving two separate steam pressure operated 
valves; w 

Figs. 2 and 3 are similar diagrams of modifica 
tions; and 

Figs. 4, 5, and 6 are diagrammatic representa 
tions of conventionalized diaphragm-controlled 
Valves. 

Referring now to Fig. 1, the waste heat boiler 
So is shown as having a gas inlet connection it 
and a gas outlet connection 2. Steam generated 
in the boiler passes to the load through the 
steam outlet 3 and the condensate from the 
load returns to a condensate tank 4 through the 
condensate return 5. The condensate tank is 
generally located at a lower level than the boiler, 
particularly on ships, but it may if desired be on 
substantially the same level as shown. There is 
always a certain amount of water in the tank 4, 
its minimum level 6 being controlled by a float 
operated valve inserted in the water make-up 
line 8 which also has a manually operated valve 
9, in accordance with customary practice. 
Water is pumped from the tank 4 to the boiler 



0 through the feed line 20 by means of the boiler 
feed pump 2, which is ordinarily in continuous 
operation. A by-paSS line 22, which includes a 
relief valve 23 permits this pump to circulate 
excess water directly back into the condensate 
tank A. In the feed line 20 is inserted the steam 
pressure operated valve 24 actuated by the dia 
phragm 25 by steam pressure obtained through 
the Small pressure line 26 which is connected to 
the boiler 0 at or near the high Water level 27. 
This high water level is controlled by means of 
the float type feed water regulator 28 of usual 
construction, having equalizer legs 29, 30, re 
Spectively in accordance with standard practice. 
A check Valve 3 in the feed line prevents Water 
from entering the feed line from the boiler. 
An alternate method of regulating the maxi 

mum Water level in the boiler is to use an Over 
flow pipe as shown at 32 in Fig. 2, this pipe con 
taining a steam trap 33 and being connected be 
tween the boiler 0 at the desired height and the 
condensate tank 4. The steam trap prevents 
the passage of steam but allows excess Water to 
be drawn off and so returned to the tank 4. 
To continue with the description of the pre 

ferred embodiment of Fig. 1, a return line 34, 
having a strainer 35 inserted therein, leads from 
a point near the bottom of the boiler 0 to the 
submerged heater 36 in the condensate tank 4. 
Inserted in the return line 34 is the steam pres 
Sure operated relief valve 3 having a diaphragm 
38 which is actuated by steam pressure in the 
afore-mentioned small pressure line 26. The 
valve 37 is so connected and arranged that it 
closes when the steam pressure on the diaphragm 
38 is reduced, whereas the valve 24 in the feed 
line 2 is so connected that it opens when the 
steam pressure on the diaphragm 25 and, there 
fore in the boiler 0, is reduced. Since the Wa 
ter in the boiler may generate a certain amount 
of flash steam as its pressure is reduced to at 
mospheric, it is customary to pipe return Water 
into the condensate tank through a submerged 
heater 36 which is in the form of a perforated 
tube. This steam then transfers its heat directly 
to the water 6 in the tank 4. Should the de 
mand for steam be so suddenly reduced that the 
water level in the boiler could not be lowered 
sufficiently rapidly, excess steam pressure built 
up is relieved by the safety valve 39. The con 
densate tank 4 is fitted with a vent 40, to at 
mosphere. - 

In operation, the system functions as follows:- 
With a given amount of heat being Supplied the 
boiler from, say, the exhaust of an internal Com 
bustion engine, and for a given steam demand 
at a predetermined pressure, there will exist in 
the boiler a certain definite mean water level. 
Should the steam demand be decreased, as by 
shutting off a number of radiators, for example, 
the steam pressure in the boiler will increase. 
This increased steam pressure immediately closes 
or starts to close the valve 24, thus reducing the 
amount of water supplied to the boiler. At the 
same time, the increased steam pressure opens 
the relief valve 37 and permits Water to flow 
out of the boiler into the condensate tank 4. 
As soon as water flows out of the boiler, more 
heating surface is uncovered and therefore, since 
the amount of heat in the exhaust gases is con 
stant, the boiler generates less steam. This goes 
on until the steam pressure is reduced to the nor 
mal operating value, when the original status of 
equilibrium is restored. The valve 37 is prefer 
ably adjusted to open a little ahead of the clos 
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ing of the valve 24, since by this means the wa 
ter level is more quickly lowered to the proper 
value. The water drained off from the boiler 
flows into the condensate tank, which should 
have a capacity slightly in excess of the total 
Water capacity of the boiler. 

ASSunning now an increase in steam demand, 
the converse action takes place. The increased 
demand reduces the pressure in the boiler. The 
valves 24 and 37 now conspire, it will be obvious, 
to raise the water level in the boiler to a point 
where sufficient contact area is provided to gen 
erate the necessary steam to satisfy the demands. 
When the demand for steam becomes greater 
than can be satisfied by the maximum amount 
of Water in the boiler, no more additional steam 
will be generated-the capacity of the boiler 
will then have been reached. As before stated, 
the safety valve 39 will relieve any rapidly in 
Curred excess steam pressure that cannot be taken 
care of by the reduction of water level in the 
boiler. 

For the condition. where the demand for steam 
remains unchanged, but the load on the internal 
combustion engine supplying exhaust gas to the 
boiler is changed, the system operates to main 
tain constant steam output. For instance, should 
the heat be supplied to the boiler at a reduced 
rate, as would be occasioned by running the en 
gine at lighter load, the steam pressure will 
drop. This drop in steam pressure actuates the 
valves 24 and 37 in the same manner as pre 
viously described. The water level of the boiler 
is increased a proper amount whereby the neces 
Sary steam is generated. It will be seen that the 
Water level in the boiler will be higher for less 
exhaust gas heat, so that the total amount of 
heat converted into steam, within the limits of 
capacity of the device, will remain a constant, 
for constant steam demand. 
The functions of the two pressure operated 

valves 24 and 3 may be performed by a single 
Steam pressure operated three-way valve, as 
shown in Fig. 3. In this case, the main piping 
arrangements are similar to those shown in con 
nection with Fig. 1. Instead of two valves 24, 37 
of Fig. 1, we have provided a three-way valve 
Al Operated by steam pressure upon the dia 
phragm 42. This valve 4 is so constructed that 
at one extreme position there exists a passage 
Way between A and B, which we will refer to 
simply as AB. At the other extreme position, 
the passageway through the valve is BC. With 
AB Open and BC closed, Water can enter the 
boiler from the pump 2 through feed line 43, 
paSSages A and B, and line 44; but none can 
leave the boiler. With BC open and AB closed, 
Water can leave the boiler through line 44 and 
flow into the condensate tank 4 through pas 
Sages BC and line 45, but none can enter through 
the feed line 43. For any intermediate set of 
conditions, the valve will adjust itself to give a 
balanced fioW of water into and out of the boiler. 
In Operation, a reduced steam demand increases 
the boiler pressure which, in turn, closes the feed 
line and opens the return line. The action is 
Similar to that which takes place using the two 
Valves of Fig. 1. 
In Figs. 4, 5, and 6 are illustrated in a conven 

tional manner diaphragm control construction 
suitable for the valves 24, 3, and 4f respectively. 
It Will be understood that standard commercial 
Valves may be used, and these figures are intended 
to clarify the action of the valves rather than to 
disclose their mechanical construction. Each 
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WallWe has a pistOn 46 provided with a central cir 
cumferential groove or cannelure 4. A piston 
rod 48 passes through a partition 49 and is cou 
pled to the diaphragm at 50. A spring 5, which 
may be adjustable as in most commercial embodi 
ments, opposes the fuid pressure placed on the 
diaphragm through pipe 26. A balancing aper 
ture 52 preferably extends through the piston to 
relieve it of endwise pressure. The valves are 
identical except for the arrangement of the ports 
which has been described above. It will be obvi 
ous that the relation in which the feed and ex 
haust lines close and open, respectively, can be 
varied either by changing the initial positions 
of the pistons, the tension of the springs, the 
position of the ports, or all three. 
The above described control systems are, of 

course, not limited to the exact lay-outs de 
Scribed, but may be used in conjunction. With sep 
arate oil-fired boilers, which are generally used 
in marine installations to generate steam while 
the Wessel is in port, or in connection with other 
Waste heat boilers. 
What We claim is: 
1. A method for controlling the amount of 

steam generated in a steam boiler heated by 
gases having a temperature below that Which 
would damage the boiler When dry, which com 
prises Supplying the boiler with Water under 
preSSure during periods of normal consumption 
of steam, connecting the boiler below its mini 
mum water level to a Sump through a vent closed 
during periods of normal consumption of steam, 
throttling the Supply With an increase in steam 
pressure Within the boiler, and throttling the 
went with a decrease in said steam pressure. 

2. A method for controlling the amount of 
steam generated in a steam boiler heated by gases 
having a temperature below that which would 
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a Water return line from the boiler, valves in said 
lines, and means responsive to increase or de 
crease in Steam pressure with respect to normal 
operating pressure in the boiler for closing the 
feed line valve and opening the return line valve 
or Opening the feed line valve and closing the 
return line Valve respectively. 

6. A control system for a waste heat boiler of 
the type Supplied With heat at a temperature be 
low that Which Would damage the boiler when 
dry, a tank of a Size sufficient to receive all the 
Water from the boiler, a return line from the boiler 
to the tank, a feed line connecting the tank with 
the boiler, a constant output feed pump in the 
line, a valve in said line, a by-pass operative to 
return to the tank all water delivered by the 
pump in excess of the flow permitted by the 
Valve, and means controlling the degree of open 
ing of Said Valve in inverse proportion to the 
preSSure of steam in the boiler. 

7. A Control System for a Waste heat boiler of 
the type Supplied with heat at a temperature be 
low that which would damage the boiler when dry, 
a tank of a size sufficient to receive all the Wa 
ter from the boiler, a feed line connecting the 
tank with the boiler, a feed pump in the line, a 
Valve in said line, a by-pass operative to return 
to the tank all Water delivered by the pump in 
excess of the flow permitted, means, controlling 
the opening of said valve in inverse proportion 
to the pressure of steam in the boiler, a return 
line connecting the boiler to the tank, a second 
Valve in the return line, and means controlling 
degree of opening of the second valve in direct 
proportion to the pressure of steam in the boiler. 

8. A control system for a Waste heat boiler of 
the type Supplied With heat at a temperature 
below that which would damage the boiler when 
dry, a tank of a size Sufficient to receive all the 

damage the boiler when dry, which comprises 40 Water from the boiler, means for maintaining a 
controllably supplying the boiler with Water under 
pressure, controllably venting the boiler from a 
point below its minimum Water level to a Sump, 
opening Said Went upon increase of steam pres 
sure within the boiler beyond normal, and sub- : 
Sequently closing Said supply upon a further in 
crease in Said pressure. 

3. A method for controlling the amount of 
Steam generated in a steam boiler heated by gases 
having a temperature below that which Would 
damage the boiler when dry, which comprises 
controllably Supplying the boiler with Water un 
der pressure, controllably venting the boiler from 
a point below its minimum Water level to a Sump, 
and Substantially simultaneously opening said 
Went and closing said supply upon increase of 
steam pressure within the boiler beyond normal. 

4. A method for controlling the amount of 
steam generated in a steam boiler heated by 
gases having a temperature below that which 
Would damage the boiler When dry, Which com 
prises controllably supplying the boiler With Wa 
ter under pressure, controllably venting the boiler 
below its minimum Water level to a Sump, open 
ing said vent and closing said supply upon in 
crease of steam pressure Within the boiler be 
yond normal, and closing the Went and Opening 
the Supply upon decrease of said pressure beyond 
normal. 

5. A Waste heat boiler of the type Supplied 
with heat at a temperature below that which 
would damage the boiler when dry, comprising 
a feed line to the boiler for Water under pressure, 
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minimum level of Water in the tank, a feed line 
and a return line from Said tank, a single valve 
Casing receiving both of said lines, a third line 
connecting said valve casing With the boiler, 
means for forcing Water through the feed line 
as permitted by the valve, a fourth line exposed 
to steam pressure in the boiler, a valve piston in 
the Casing, and means responsive to the pressure 
of steam in the fourth line to shift the valve 
piston to connect the feed and third lines on de 
crease of said pressure below normal and to con 
nect the return and third lines on an increase of 
said pressure above normal. 

9. A steam generating System comprising a 
steam boiler Supplied with heat from an internal 
combustion engine exhaust, a condensate tank 
large enough to receive all the water normally 
contained in the boiler, a feed Water pump, a 
steam pressure operated valve between the pump 
and the boiler and adjusted to close upon an in 
crease in boiler pressure above normal, a high 
Water level control inserted in the feed line be 
tween the condensate tank and the boiler, and a 
steam pressure operated Walve inserted in a re 
turn line between the boiler and the condensate 
tank and controlled by the steam pressure in the 
boiler so as to open upon an increase in boiler 
pressure above normal, whereby the water level 
in the boiler is automatically regulated to gener 
ate steam in accordance With the steam demand 
on the system. 

FELIX SACO, JR. 
WILLIAM R, WILLIAMSON, 


