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This invention relates to the regulation of 
feed water supply to boilers to ensure ade 
quate supply of water in the boiler under all 
operating conditions and is especially useful 
in high capacity installations operated at 
high rating, such, for example, as installa 
tions where there is a large amount of 
evaporating surface subject to radiant heat. 
The nature, objects, and advantages of my 

invention 
following. Y 
In boilers operating at very high ratings, 

such as those of the steam generator type, 
there is a tendency for undesirable fluctua 
tions to occur in steam pressure and steam 
generation due to the fact that the weight of 
water contained in the boiler is small relative 
to the rate at which it is evaporated. Large 
fluctuations of water level in the steam drum 
occur which have been difficult to control, 
even with automatic feed water regulators. 
In known automatic feed water regulators 

in which a single regulator is employed con 
nected to the steam drum of the boiler in the 
manner of the usual boiler gage glass, there 
are wide and violent fluctuations in the rate 
offeed which accentuate the pressure fluctua 
tions caused by sudden changes in the de 
mand for steam. This is so because in such 
devices the rate of feed is almost, if not 
completely, shut off by the rise in the water 
level in the steam drum with a sudden in 
crease in the demand for steam. Then as the 
water level begins to drop, the opening of the 
feed valve by the regulator causes an inflow 
of cold water which absorbs heat and there 
by causes a further drop in level and a fur 
ther increase in feed. As a consequence, the 
regulator control over-runs the normal posi 
tion corresponding to the steam demand. 
When the water level starts to rise by reason 
of the excess feed, the cutting down of the 
cold feed accentuates the rise. It will be 
seen, therefore, that this action causes fluc 

5 tuations in the feed which produce trouble 
some variations in the steam pressure and 
water level in boilers working at high ratings. 
One of the objects of my invention is to 

overcome such difficulties and to ensure ade: 

will be understood from the 

quate and proper supply of feed water to the 
boiler. 
How the foregoing together with such 

other objects and advantages as may herein 
after appear or are incident to my invention 
are realized is illustrated in preferred form in the accompanying drawings wherein 

Fig. 1 is a more or less diagrammatic Sec 
tional elevation thru a boiler illustrating the 
application of a feed water regulating System 
constructed in accordance with one form of 
my invention; and 

Figs. 2 and 3 are similar views illustrating 
other forms of my invention. 
My invention proceeds upon the fol lowing:- 
A boiler gage glass connected in the usual 

manner to the steam drum of a boiler indi 
cates the water level within the steam drum. 
If the bottom connection to the gage glass 
be made to a lower point in the boiler, how 
ever, the gage glass will show a lower water 
level than corresponds to the level within 
the steam drum. This is due to the fact 
that the level within any gage glass is the 
surface of solid water in one leg of a U 
tube, while the boiler drums, tubes, etc., form 
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the other leg containing a mixture of steam 
and water. In other words the said one leg 
contains a head of solid water equivalent to 
the head of mixture of steam and water in 
the other leg. To balance the column of 
steam and water within the boiler requires 
a shorter column of solid water within the 
gage glass and connections. The difference 
is affected by the inertial and frictional re 
sistance to circulation within the boiler and 
by the difference between the temperature 
within the boiler and in the gage glass con 
nections. In any given case, the difference 
between the levels indicated by the ordinary 
gage glass and the gage glass connected much 
below the water level, is roughly proportion 
all to the rate of steam generation at any 
given steam pressure. A reduction in steam 
pressure increases the difference in levels due 
to the greater volume of the steam bubbles 
produced, thus decreasing the density of the 
mixture within the boiler and increasing the 
resistance to circulation therein. If the new 
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gage glass be connected to the lowermost 
drum or header, its water level above that 
point will be a measure of the total weight 
of water contained in the boiler irrespective 
of the rate of steam generation and steam 
pressure except as affected by circulation re 
sistance. 

Referring now to Fig. 1 of the drawings, 
I have illustrated a simple form of boiler 
comprising a mud drum A, a steam and wa 
ter drum B and a plurality of tubes C con 
necting the drums. Feed water is supplied 
to the steam and water drum B by means of 
the feed pipe D. 
An ordinary gage glass. 5 is provided for 

the drum B with which is associated a regu 
lator 6 of the expansion type comprising in 
general a metallic expansion tube 7 which 
operates a valve 8 thru the medium of the 
lever 9 pivoted on the fixed rod 10 and con 
nected at one end to the tube 7 and at its 
other end to the valve connecting link 11. 
The amount of steam and water in the tube 
7 governs its expansion and contraction and 
as it expands or contracts the valve is opened 
or closed as the case may be. 
A second gage glass 12 is connected be 

tween the steam space of the drum B and the 
lower part of the mud drum A and a regu 
lator 13 similar to the regulator 6 is asso 
ciated therewith which regulator operates 
a valve 14. 

It is to be observed that the weight of th 
mixture of steam and water in the drum B 
governs the level of water in the gauge glass 
5 and regulator 6 just as much as the weight 
of the mixture of steam and water in the 
entire boiler governs the level of water in 
gauge glass 12 and regulator 13. In neither 
case does the gauge glass give an absolutely 
correct indication of the actual level of the 
water in the boiler. The error, however, is 
generally proportional to the height of the 
particular column of mixed steam and wa 
ter to which the gauge is connected. The 
height of this column in drum B is so small 
that for all practical purposes in this art 
the indication of the gauge glass 5 is accept 
ed as correct, and it is known in the art as 
a level indicator, 
For the same reason the response of reg 

ulator 6 to changes in water level in the 
steam drum B is considered sufficiently ac 
curate to give a practical control of feed wa 
ter supply thereby. 
In other words, a gauge glass or regulator 

of the type shown in Fig. 1, if connected on 
one side to the steam space of the boiler and 
on the other side to a point slightly below the 
normal water level of the boiler, will re 
spond to changes in weight of water above 
the lowest point of connection. Considered 
as an accurate index of the level of the wa 
ter in the steam drum neither would be ab 
solutely correct, but the percentage of error 
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is so small that for all practical purposes 
the gauge glass and regulator are accepted 
as reflecting the level of water in the steam 
drum. 
The distance E between the levels in the 

gage glasses 5 and 12 is a measure of the rate 
of steam generation while the distance F is 
roughly proportional to the weight of water 
contained in the boiler. Of course, with no 
steam generation, the level in 12 will be the 
same as the level in 5. 
The valves 8 and 14 are located in the feed 

line and as here shown the valve 8 is in one 
branch of the feed line and the valve 14 in 
another. 

It will be clear from the foregoing that the 
valve 8 is operated by the regulator 6 and the 
valve 14 from the regulator 13. The latter 
valve with its regulator is adjusted to feed 
water at a somewhat lower rate than that of 
steam generation and the deficiency is made 
up by regulator 6 and its valve to maintain 
the desired level within the steam drum B. 
Under steady steam generation, then, reg 

ulator 13 will admit through valve 14 from 
50 to 90 per cent, say 75 per cent. of the feed 
water required, and regulator 6 will admit 
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through valve 8 the additional 25 per cent. 
necessary, Should the demand for steam 
gradually increase, the water level in steam 
drum B will fall and the total amount of 
water within the boiler becomes less. The 
levels in both 5 and 12 will fall, resulting in 
an increase in feed by both regulators. 

Should the steam pressure slowly decrease 
with the same rate of steam generation, there 
will be a tendency for the level to rise in 
gage glass 5 due to the less dense mixture 
in the boiler caused by the lower steam den 
sity. Regulator 6 will thereupon slightly 
close valve 8, reducing the feed rate. The 
amount of water contained in the boiler will 
become less, causing a drop in the level of 
gage glass 12 and the regulator 13 will slight 
ly open valve 14. The system will settle 
down with a somewhat increased portion of 
the feed water passing through valve 14 and 
a somewhat lesser portion through valve 8 
with the level in the steam drum slightly 
lower. 
Supposing there should be a sudden in 

crease in the demand for steam. This would 

O) 

10.5 

1:9 

15 

almost immediately result in a drop in steam 
pressure with increased steam generation at 
the expense of the stored up heat in the wa 
ter and boiler parts. The steam thus gen 
erated throughout the boiler would displace 
water, forcing it into the steam drum B and 
the level in the steam drum would almost 
immediately rise. Regulator 6 would shut of 
the flow through valve 8 more or less com 
pletely. Regulator 13 would respond but 
slowly, to open valve 14 as the water con 
tained in the boiler became less due to the 
increased demand and to the decrease in the 
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supply through 8. The level within the 
steam drum would soon feel the effect of the 
decreased supply relative to the steam de 
mand, and as it lowered regulator 6 would 
gradually open until at a level in the steam 
drum very near its previous height the in 
creased demand would be met by the in 
creased flow through valves 8 and 14. 
The regulator 13 is not directly affected 

by a sudden increase in the rate of steam 
generation, but only indirectly and to a sec 
ondary extent by the drop in pressure accom 
panying the increased demand. It acts to 
increase slowly the rate of feed with a Sud 
den increase in steam demand, rather than 
suddenly shutting off the feed as explained 
hereinbefore in connection with the opera 
tion of known single regulators. It there 
fore provides a steadying action in propor 
te, to the percentage of the feed controlled y it. 
A throttle valve 14l may be employed to 

control the limit of feed. 
In Fig. 2 I have illustrated a system sim 

ilar to that just described with a difference 
appearing in the type of regulator and valve 
employed, the former being indicated by ref 
erence characters 6a and 13a and the latter 
by 8a, and 14a. 
In Fig. 3 I have shown a form of my in 

vention in which the feed valve 23a is con 
trolled by the action of two spaced dia 
phragms 29 and 30 located in the casing 31 
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and dividing it into two end chambers 32 and 
33 and an intermediate chamber 34. The end 
chamber 32 communicates with the water 
space of the steam and water drum B thru 
means of a connection 35, the end chamber 33 
communicates with the mud drum A thru 
means of the connection 36 and the interme 
date chamber 34 communicates with the 
steam space of the drum B thru means of 
the connection 37. The connection 37 is pro 
vided with a vessel 38 at its highest point, 

5 which vessel is provided with cooling fins 
to insure condensation of any steam entering 
from the steam drum. Thus the pressure in 
the intermediate chamber 34 will always be 
substantially constant and equal to the head 
of water from the center of the diaphragm to 
the bottom of the portion 42 of the connec 
tion 37 which drains the vessel 38 back to the 
drum B. 

It will thus be seen that the movement of 
the diaphragm 30 is roughly proportional to 
the total weight of water in the boiler and 
the movement of the diaphragm 29 varies 
with variations in the weight of water in the 
steam drum B. For reasons above pointed 
out, variations of weight of water through 
the steam drum B above the point of connec 
tion of line 35 are for practical purposes a 
sufficiently accurate index of the level of was 
ter in the stram drum B, and movement of 
diaphragm 29 may therefore also be said to 

vary with variations of level of water in the 
steam drum B. The two diaphragms 29 and 
30 are connected through toggle lever means 
39 to the valve 23a and are separately adjust 
able by means of springs 40 and 41, respec- 70 
tively. A small leakage around the feed valve 
23a keeps the vessel 38 filled with water to 
the overflow portion 42 of the connection 37, 
the overflow returning to the drum B. 
From the foregoing, it will be seen that I 75 

have provided a method and apparatus for 
automatically controlling the rate of feed 
water supply to a boiler in proportion to the 
total weight of water contained therein, as 
well as in accordance with the variation of 80 
level in the steam drum which enables more 
steady operation of boiler installations when 
producing very high rates of steam genera 
tion. - 

I claim :- 8S 
1. The method of controlling the water 

level in a boiler by regulating the water sup 
ply thereto which comprises supplying part 
of the feed water in accordance with the 
weight of water in the boiler irrespective of 0 
the water level therein, thru the medium of 
feed water supply control means responsive 
to the head of solid water equivalent to the 
mixture in the boiler, and part in accordance 
with control means responsive to the level 95 
of the water in the boiler. 

2. In a system for controlling the water 
level and water supply in a boiler, means re 
sponsive to the level of water in the boiler 
for controlling feed water supply thereto, 100 
and means controlling feed water supply 
thereto responsive to the level of a column of 
water which in turn is responsive to the total 
weight of mixed steam and water in sub 
stantially the entire boiler. 05 

3. In a system for controlling the water 
level and water supply in a boiler, a feed 
water supply line, and means controlling the 
rate of feed thru said line including a valve, 
means responsive to the level of water in the 110 
boiler for actuating said valve, a second valve, 
and means responsive to the total head of 
steam and water mixture in the boiler for 
actuating said second valve. 

4. In a system for controlling the water 115 
level and water supply in a boiler, a pair of 
valves for controlling the feed, means respon 
sive to the level of water in the boiler for 
operating one of the valves and means re 
sponsive to the total head of steam and water 120 
mixture in the boiler for operating the other 
valve. 

5. In a system for controlling water sup 
ply in a boiler, a pair of valves for control 
ling the feed, means responsive to the level 125 
of water in the boiler for operating one of 
the valves and means responsive to the total 
head of mixed steam and water in the boiler 
for operating the other valve, the normal 
setting of said valves being such that the 130 
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valve operated by the last mentioned means 
admits more water than the other valve. 

6. In a system for controlling water supply 
in a boiler, valve means for controlling the 
rate of feed into the boiler, and means for 
operating said valve means including a cas 
ing, a pair of spaced diaphragms dividing 
said casing into two end chambers and an 
intermediate chamber, a connection estab 
lishing communication between the lower. 
part of the boiler and one end chamber, a 
connection establishing communication be 
tween the boiler at a point slightly below the 
normal water level thereof and the other end 
chamber, a connection establishing commu 
nication between the steam space of the 
boiler and the intermediate chamber, a ves 
sel in said last mentioned connection for con 
densing steam entering the connection froin 
the steam space so as to maintain a head of 
solid water in said connection, and means 
connecting said diaphragms to said valve 
eaS. 
7. In a system for controlling water sup 

ply in a boiler, valve means for controlling 
the rate of feed into the boiler, and means 
for operating said valve means including a 
gasing, a pair of spaced diaphragms divid 
ing said casing into two end chambers and 
an intermediate chamber, a connection estab 
lishing communication between the lower 
part of the boiler and one end chamber, a 
connection establishing communication be 
tween the boiler at a point slightly below the 
normal water level thereof and the other end 
chamber, a connection establishing communi 
cation between the steam space of the boiler 
and the intermediate chamber, a vessel in 
said last mentioned connection for condens 
ing steam entering the connection from the 
steam space so as to maintain a head of solid 
water in said connection, and toggle means 
connecting said diaphragms to said valve 
e.S. 
8. In a system for controlling water Sup 

ply in a boiler, valve means for controlling 
the rate of feed into the boiler, and means 
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for operating said valve means including a 
casing, a pair of spaced diaphragms dividing 
said casing into two end chambers and an 
intermediate chamber, a connection estab 
lishing communication between the lower 
part of the boiler and one end chamber, a 
connection establishing communication bé 
tween the boiler at a point slightly below the 
normal water level thereof and the other end 
chamber, a connection establishing communi 
cation between the steam space of the boiler 
and the intermediate chamber, a vessel in 
said last mentioned connection for condens 
ing steam entering the connection from the 
steam space so as to maintain a head of solid 
water in said connection, and means con 
necting said diaphragms to said valve means, 
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together with means for adjusting the afore 
said valve means. 

9. In a system for controlling water sup 
ply in a boiler, valve means for controlling 
the rate of feed into the boiler, and means 
for operating said valve means including a 
casing, a pair of spaced diaphragms dividing 
said casing into two end chambers and an in 
termediate chamber, a connection establish 
ing communication between the lower part 
of the boiler and one end chamber, a connec 
tion establishing communication between the 
boiler at a point slightly below the normal 
Water level thereof and the other end cham 
ber, a connection establishing communica 
tion between the steam space of the boiler 
and the intermediate chamber, a vessel in 
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said last mentioned connection for condens 
ing steam entering the connection from the 
steam space so as to maintain a head of solid 
water in said connection, and means connect 
ing said diaphragms to said valve means, to 
gether with means for adjusting the afore 
said valve means, and means associated with 
said diaphragms offering resistance to move 
ment thereof. 

10. In a system for controlling water sup 
ply in a boiler, valve means for controlling 
the rate of feed into the boiler, and means for 
operating said valve means including a cas 
ing, a pair of spaced diaphragms dividing 
said casing into two end chambers and an in 
termediate chamber, a connection establish 
ing communication between the lower part of 
the boiler and one end chamber, a connection 
establishing communication between the boil 
er at a point slightly below the normal wa 
ter level thereof and the other end chamber, a 
connection establishing communication be 
tween the steam space of the boiler and the 
intermediate chamber, a vessel in said last 
mentioned connection for condensing steam 
entering the connection from the steam space 
so as to maintain a head of solid water in said 
connection, and means connecting said dia 
phragms to said valve means, together with 
means for adjusting the aforesaid valve 
means, and adjustable means associated with 
said diaphragms offering resistance to move 
ment thereof. 

11. The method of controlling the water 
level in a boiler by controlling a supply of 
feed water substantially in accordance with 
the water level and concurrently controlling a 
supply of feed water in accordance with the 
weight of the mixture of steam and water in 
the boiler. 

12. The method of controlling the water 
level in a boiler by controlling a portion of 
the supply of feed water in accordance with 
the weight of the mixture of steam and water 
in the boiler and controlling a substantially 
smaller portion substantially in accordance 
with the water level in the boiler. : 

13. The method of controlling the water 
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level in a boiler by regulating the water sup 
ply thereto, which comprises controlling a 
supply of water in accordance with the weight 
of water in substantially the entire boiler and 
concurrently controlling a supply, of water 
substantially in accordance with the weight 
of water in the steam drum. 

14. The method of controlling the water 
level in a boiler by regulating the water sup 
ply thereto, which comprises controlling, a 
supply of water in accordance with the 
weight of water in substantially the entire 
boiler, and concurrently controlling a supply 
of water substantially in accordance with the 

15 weight of water above a point in the boiler 
slightly below the normal water level thereof. 

15. The method of controlling the water 
level in a boiler by regulating the water sup 
ply thereto, which comprises controlling a 

20 supply of water in accordance with the weight 
of water above a point substantially at the 

- lowest part of the boiler and concurrently 
controlling a supply of water substantially in 
accordance with the weight of water above a 

25 point in the boiler slightly below the normal 
water level thereof. 
In testimony whereof, I have hereunto 

signed my name. W 
WILLIAM L. DE BAUFRE. 
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