Dec. 21, 1937. F. 1. RAYMOND 2,103,178

- STEAM HEATING SYSTEM AND METHOD OF SUPPLYING STEAM TO THE RADIATORS THEREQF

Filed March 22, 1934 2 Sheets—Sheet 1

IL
3 ¥ L
3 £
3z

r

\\Cb
— ¥

0, ////////////“7//*/_7%#“*—“///////7////// )
,,/ //////// // //// - _Z}zverzi"or-'

2222 E ALV Y VIV AR

o-_b Lred /.. 1?@/7?07?&3

| B iy,




Dec. 21, 1937. F. . RAYMOND 2,103,178
STEAM HEATING SYSTEM AND METHOD OF SUPPLYiNG STEAM TO THE RADIATORS THEREOF

Filed March 22, 1934 ‘2 Sheets~Sheet 2

o
A \ N \
]§y/ §§ ] N4
MM NAZ=21N
& = S =
\& = B\ =1\
za NNAFHEAN-=2 @ Ne= =
SN |88 -
= ‘ 27 _ \
G- \ 2 = 90 i \ A
s \| 95N i~ N/
o R I s e
Z0 ' PR V27
@4.
o2

s\ ==\ N
N A N 27 N Z7
D \\\\\\\\\\\\\

\\\\\\\\\\\\\;




Patented Dec. 21, 1937

UNITED STATES

2,103,178

PATENT OFFICE

2,103,178

STEAM HEATING SYSTEM AND METHOD OF
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6 Claims.

My invention relates primarily to steam heating
systems, whether of the so-called steam, vapor,
or vacuum type, comprising radiators in the sev~
eral rooms of a building, a.system of supply pip-

5 ing for conducting steam to each of the radiators
from a central point, and a separate system of
return piping for collecting the condensate from
the several radiators and conducting it back to a
desired point, my present invention being a con-
tinuation, in part, of my application for United
States Letters Patent Serial No. 272,330, filed
April 23, 1928.

One of my objects is to provide for the dis-
tributing of proportionate quantities of steam to
the various radiators.of a steam heating system of
the so-called “orificed type”, at reduced capaci-~
ties as well as at maximum capacity. While this
object has been .the object of previous systems
of the so-called “orificed type” there are certain
practical limitations in the apparatus that have
hitherto been used which limitations. have pre-
vented the prior systems. from accomplishing: the
full measure of performance that I am able to se-
cure by my invention.

Another object is to provide for the distribut-
ing of the same proportionate quantities of steam
to the radiators at the top of a tall building as to
the radiators at the bottom of the building at all
capacities, a result which has not been hitherto
attempted so far as I can ascertain. The need
for it arises out of the fact that the pressure
differential tending to force steam into the radi-
ators at the top of the building is greater than the
differential at the bottom of the building due to
the buoyancy of the steam in the system of sup-
ply piping as compared with the heavier. air.in
the system of return piping. This difference in
differential is most pronounced in tall buildihgs
because the difference in weight between the col-
umn of air in the return piping and the column
of steam in the supply piping is directly propor-
tional to the height of the column. This differ-
ence in differential between that at the top and
that at the bottom of the building may be called
the altitude head. Itisa serious handicapin the
operation of previous systems because it remains
practically constant at all capacities and as. the
differential in pressure is reduced for opera~
tion at lower capacities, the. altitude head -be-

10

a0

&3
L3

de
<

1
N3

(CL 237—9)

comes an increasing proportion of the total dif-
ferential.

As the differential in pressure is reduced, the -

point is finally reached where the differential -at
the bottom of the building will be zero while the
differential-at the top of the building will still ‘be
equal to the altitude head. The seriousness of
this defect will be realized by considering the case

(3

of a building in which the top radiator is 217 feet

higher than the bottom. -Based on ‘the density
of saturated steam.at 212° F. and that of dry air
at 100° F. the altitude head would be equal to .1*’
of mercury. If the radiators of a system in such
a building were equipped with orifices at the en-
trances to the radiators:so sized that the radiators
at the top and bottom would each receive 100%
of the desired quantities of steam when the dif-
erential at the bottom orifice was 1.0°’ of mer-

cury, then when the differential was reduced by.

throttling the supply of steam to the system to a
point where the differential -at the bottom was
zero, here would still be a differential of .1’’ at
the top radiator. 'This differential of .1’* at the
top orifice would produce approximately 30% as
much flow through the top. orifice as with the de-
sign differential of 1.1’’ for the top orifice for-its
rated capacity. Thus in such a system in a build~
ing 217 feet high, it would be necessary to supply
30% of the rated capacity of steam to the ‘top
radiator before any steam could be.delivered to
the bottom radiator.

Some of the manufacturers  of previous so-
called “orificed systems” have realized this inher-
ent limitation of altitfude head, and have sought
to minimize it by using a design differential much
higher than 1’’ of mercury such as 2’/ or 4’ and
even 8" and 10’’. By doing so they have been
able to keep the altitude head a much smaller
proportion of the total head. However, at these
higher differentials, the velocity of the steam
through the orifices is so great that it causes a
hissing sound which is audible in the rooms and
chjectionable for that reason.

Another limitation of previous orificed sys=

tems, which limitation I overcome by my inven="

tion, arises.out of the fact that the flow of steam
throygh an orifice is substantially proportional
to the square root of the pressure differential
across the orifice. Thus the quantities of ‘steam
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which will ﬂow through an orifice designéd to give
100% of capacity at 1’ differential are as follows:

Pressure Percent

differential | of flow
1.0” Hg 100
81" 90
64" 80
49" 70
36’ 60
25 50
167 40
09’ 30
04 20
.01” 10
.00 0

From the above table it is evident that the dif-
ferentials required at low capacities are very mi-
nute quantities. Not only is extremely accurate
and sensitive pressure controlling apparatus re-
quired, but it also becomes extremely difficult to
produce these same pressure differentials or the
same relative pressure differential in all parts of
the system. While it is theoretically possible to
place additional orifice plates in the branch
steam lines of such a system and thereby correct
for drop in differential due to different sizes and
lengths of the supply pipes, it becomes an ex-
tremely delicate and tedious operation in actual
practice. Mcreover, even after all corrections
have been made for resistance to flow in the sup-
ply piping, the defect of unequal fiow due to alti-
tude head still remains.

The first referred to ocbject of my invention
can be best understood by comparing the follow-
ing table of pressure differentials at which I
might choose to operate my system with the table
of pressures given above.

Pressure Percent
differential | of flow

1.00 100

.9 90

.8 80

W7 70

.6 60

.5 50

.4 40

.3 30

.2 20

.1 10

.0 0

By comparison it will be noted that for 209%
capacity with my system, I would require a differ-
ential of .2’ Hg as opposed to .04’ Hg under
previous systems. The differential would be five

' times as great with my system as in previous

systems at 20% of capacity provided both sys-
tems were designed to give 100% flow at the same
differential. Similarly, my system would employ
ten times as much differential at 10% of capacity
as previous systems. Because of this greater
differential at reduced capacities, the pressure
controlling apparatus would not need to be nearly
so sensitive as with previous systems. Also the
effect of piping resistance would be of much less
importance. Also there would be considerable
advantage from the standpoint of instructing an
operator to have a system in which twice as much
pressure differential would give twice as much
flow. It would be simpler too to build controlling
apparatus which operated to produce pressures
directly proportional to required capacities than
it is to build controls to operate on a square roct
basis of increment.

My approach to the accomplishment of the
second object of my invention can be best un-
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derstood by reference to the example previously
given of .1’* Hg altitude in a building 217’ high.
In that example I pointed out that the .1’* dif-
ferential due to altitude head would produce ap-
proximately 30% flow through the top orifice
while the flow at the bottom was zero. This de-
fect can be overcome if an orifice were installed
in the upper radiator which would give 0% of
flow at .1’ pressure differential. Both the lim-
itations of square root flow and altitude head
could be overcome if orifices were to be installed
in the top and bottom radiators which would
give the following performance:

Pressure Percent Pressure Percent
differential | of flow at| differential | of Gow
at bottom bottom at top at fop
10" Hg 100 1.1 Hg 100
.97 90 107 90
.8 80 .97 80
i 70 .8 K
Nid 60 ke 60
.5 50 .6 50
.47 40 .57 40
.87 30 N 30
.27 20 .3 20
L1 10 .27 10
.0 0 L1 0

Having outlined my approach to a solution of
the problem, it will now be simple to understand
the means I have used.

I have obtained the first object of my inven-
tion by designing an orifice which automatically
decreases in size by the proper amount as the
pressure differential decreases. Thus I am able

to decrease the flow through the orifice not only .

due to the reduced velocity of steam through the
orifice due to reduction in. differential but also
due to the reduction in size of the orifice.

I have attained the second object of my inven-
tion by designing an orifice which can be ad-
justed to be completely closed at any desired pres-
sure. Thus the orifice at the top radiator would
be adjusted to be completely closed at .1’’ Hg dif-
ferential in a building 217 feet high whereas the
bottom orifice would be adjusted to be completely
closed at 0’ Hg differential.

Referring to the accompanying drawings:

Figure 1 is a view, in elevation, with parts
broken away, of a heating system for a tall build-
ing and suitable for practicing my improved
method.

Figure 2 is a view, in vertical section, of one
form of radiator inlet valve which may be used,
and of such construction as to be operated re-
sponsive to pressure differential at the inlet of
the radiator.

Figure 2@ is a fragmentary view of the valve
of Fig. 2 modified to adapt it for use with a larger
radiator,

Figure 3 is a similar view of another form of
radiator inlet valve which may be used and of a
construction operated by absolute pressure only;
and

Figure 4, a similar view, with parts broken
away, of a modification of the valve of Fig. 3
and desirable for use where low pressure steam,
or steam delivered under partial vacuum, is sup-
plied. ’

Referring to the system shown, this system is
an example of a steam heating system for a tall
building in which an appreciable altitude head
is encountered as above referred to, the radiators
shown, a plurality of which are located on each
floor of the building, being those which would be
provided on the two lower and the two upper
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flors of a:tall building as above:explained;.the
mid section-of the radistor piping -assembly be-~
ing omitted..

In this system: a: boiler:indicated at S is:rep-
resented - as: fired: by an:electrically: driven: oil
burner 6:shown' as . provided: with :an ‘adjustable
pressure=controlled: .electric “switch’ device -62 in~-
terposed in series with the motor.65 of the burner
6 in the electric:current line wires:8%:and: 84, the
device 62 in accordance . with. common: practice
being adjustable to vary the steam pressure gen-
erated in the:boilerd..

The boiler ‘5-connects. by:an vpwardly extend-
ing: pipe T with.an:overhead main Tz from:which
steam-is supplied to the down-feed:risers 1> con-
stituting parts-of the main 12 ‘and opening’ into
the latter at different points.therealong as shown.
Each riser 10 'is-shown a$§ connected by pipes 7¢
with a vertical series of radiators:8 each of which
is. provided with an inlet valve 9 adjustable as
hereinafter explained to start to open at:differ-
ent pressures to:.compensate, as above .explained,
for the altitude head: and: for:the other purpose
hereinafter explained; and:-each: of which opens
progressively at different rates to:provide-a par-
ticular ‘relation;. preferably a: straight-line- rela-
tion, between the pressure and the quantities:-of
steant entering. the radiators.

The system is shown for the supplying.of steam
to radiators: a plurality of . which are located on
each floor of a building, the radiators shown be-
ing those: which would be provided on- the two
lower and the two upper floors of a tall building
as‘above explained.:

Each radiator 8 ‘may be connected, as shown,
at its outlet with a:thermostatic trap valve (0
which funections to perniit” the outflow: of " air
and’ condensate from: the radiators, but closes
automatically to prevent the escape of steam
therefrom. The traps 10" open: into return line
pipes 11 connected: with pipes: 12 communicating
with a downwardly extending pipe 13."

At the lower ends of the risers 70 are relatively
large thermostatic traps (4 connected: with the
return line pipes 12,

Preferably means are provided for insuring the
withdrawal of air and:condensate from the radi-
ators through the return line pipes {1, {2 and
{3 by the maintaining of a somewhat lower pres-
sure in the return line than: the pressure.in the
radiators or-the feed pipes-connected therewith.
In the system shown such a means:is:employed
comprising a vacuum pump {5 driven:by a' motor
16, the inlet of the pump communicating with
an. upstanding pipe {7 which opens into the up-
per end .of a condensate tank:18 into which the
return line pipe 13 discharges. The tank {8 at
its bottom communicates with a pipe {9 which
opens into-the boiler §:and through which the
condensate is- discharged . into the boiler by a
pump 20 interposed in the pipe 19 and driven by
the motor i6.

As will be noted more in detail hereafter, the
invention may be practiced where the heating
medium is supplied at either high or low pres-
sures, namely, in either a so-called pressure sys-
tem or a vacuum system. If high pressure steam
(that is, pressure above atmospheric) is used for
supplying the radiators with steam, it may be
desirable to maintain a super-atmcspheric pres-
sure in the return piping {i—{3 instead of ex-
hausting the air from -this piping, it being de=
sirable that only.a smsll differential pressure be
maintained between the supply. risers and the
radiators or return pipes.

-3

Referring now to: the inlet: valves -9 for: the

radiators; and:which.-may be:any one of &4:num-
ber of different:forms as for example as:illus-
trated in Figs. 2,:2a, 3 and 4, the form:shown in
Pigs: 2:and-2a-and which: operates responsive to
the: difference :between.the pressure in the radia-
tor:and the pressure in'the supply line, comprises
a.casing 24:presenting a :chamber:25 having an
inlet 26 connected with the pipe 1¢ and an outlet
21 connected with the inlet end:-of the radiator.
Located in -the chamber 25:and in: spaced’ rela-
tion to the walls.of the latter; is a:flexible tubular
metallic diaphragm 28 preferably of the expansi-
ble bellows type as shown; with ‘deeply corrugated
side walls, the:lower end of the:diaphragm: 28.be-
ing rigidly clampedin: place, toprovide a pressure-
tight joint, between a ring 29:and a disk.30 lo~
cated in:the chamber 25 and rigidly clamped in
place to: provide a:sealed joint between sections
of the casing, the disk 30 being-apertured as by

20

providing therein a series of openings represented -

at. 31 to.permitof ‘the flow: of the steam into the
bellows-diaphragm.:.. The upper-end of the dia-
phragm 28 is closed by a valve plate 32 contain-
ing a central orifice 33 through which the steam
supplied to the valve:device 9 passes to the ra-
diator under the control of a valve located in the
orifice 33 and represented: at 34, the:valve 34 be=

ing of general cone.shape and shown:as mounted-

for longitudinal-adjustment relative to the orifice
33, as by providing “the valve ‘with a:depending
stemlike portion::85 slidable.-in an: opening 36 in
the disk 30. - It is-desired that the valve 34-be
held -against. turning-movement andthis.is ef-
fected;. in :the particular construction shown, by
forming the' stemlike portion. 35 of ‘non-circular
shape in cross section, as by cutting away the:op-
posite sidesof the lower:cylindrical portion -of the
valve :as.shown,: and: so: shaping the opening 36
in:the-disk :38.as:to prevent turning.of the valve.

The valve 34 is further provided with an up=
wardly- extending: stem portion- 3T secured to.an
externally threaded nut 38 which engages the in-
ternal screw threads 39 of a: valve stem 49:jour-
nalled: in“the: casing 24 and ‘held against  longi-
tudinal movement; whereby the valve: 34 may be
adjusted . longitudinally of ‘the :orifice: 33: by: ro=
tating the stem 40.

From the above it .will be:understood. that the
underside: of the plate:32 and the orifice 33 are
subjected to the pressure-ofthe steam’supply and
the top:surface of the plate’ 32 to the pressure
in the radiator, the bellows diaphragm 28 acting
as a’'spring tending to hold the: bellows collapsed.

Thus:assuming:that the valve stem 40:has been ;3

adjusted to a position in which the plate 32.just
contacts-at the wall of its orifice 33.with the sides
of ‘the cone' 34; when the steam pressure at op-
posite. sides of the plate 32 is:equal, the raising
of the steam pressure-in:the supply line; or the
reducing- of: the -pressure in the radiator as by
the-operation: of the vacuum pump {5; either:of
which-builds up pressure in the:bellows 28, causes
the:plate:32 to rise relative to the cone and there-
by open: the -orifice 33 proporticnately to such
movement-of the plate 32. ) ‘

- Inthe-designing of a system in accordance with
my. invention:provision. would be .made. whereby
the:openings-provided at the orifices.for the pas-
sage-of steam 'to -the radiators;: when:the .cone-
valves: cooperating therewith:occupy their ex-
treme open positions:responsive to. the subjection
thereof to the niaximum- differential -pressure at
which:it-is:designed.the radiators operate-at full
capacity,. would: be:of. such effectiveness.as to
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4
supply the respective radiators with the requisite
amount of steam for the functioning of the radia-
tors at their full capacity, it being understood
that the larger the radiator the larger the effec-
tive orifice in the full open position of the valve,.
The valve cones, from which the orifice plates
move but a slight distance only in response to
slight increase of pressure differential, would be
so shaped that the amount of steam passing
through the orifices is a substantially straight line
function of pressure, rather than a hyperbolic
function of pressure as in the case of non-varia~
ble orifices.

In practice I would prefer to equip all of the
radiators with plates having orifices of the same
size and compensate for different sizes of ra-
diators by providing cones of different shapes, the
larger radiators having cones of greater taper.
This is illustrated in Figs. 2 and 2a wherein the
valve of Fig. 2, provided for a radiator of approx-
imately ordinary size, but smaller than that for
which the valve of Fig. 2a is provided, would
present less taper than the valve shown in Fig. 2a.

As will be understood, the valve 34 may be
drawn up to set position in which the bellows
28 is under tension the degree of which deter-
mines the pressure at which the orifice initially
opens, this being of advantage especially where
different temperatures are to be maintained in
different rooms, and also to compensate for alti-
tude head in the particular heating system shown.

The valve as shown is provided on its stem 40
with stops 41 which extend into the path of up-
ward movement of the orifice plate 32 and which
form a backing for this plate permitting the op-
erator to lift the valve 34 by manipulating the
stem 40, into a position in which it presses up-
wardly against the wall of the orifice 33 with such
pressure as to cause the valve to function as a
stop valve preventing all flow of steam into the
radiator.

The valve shown in Fig. 3 ahd which may be
used at each radiator in place of a valve of the
construction in Fig. 2 and of a type operating re-
sponsive to absolute inlet pressure, as distin-
guished from differential pressure, comprises a
casing 42 divided in its lower portion by an in-
ternal apertured web 43 into an inlet passage 44
leading from an inlet port 45 and an outlet pas-
sage 46 leading to an outlet port 47, the ports 45
and 47 being coupled in any suitable manner with
the pipe T¢ and the radiator 8, respectively.
Mounted in the orifice in the web 43 is an orifice
plate 48 containing the orifice 49 which leads
from the steam chamber represented at 50 to the
outlet passage 46.

Located in the chamber 50 and in spaced rela-
tion to the walls of the latter is a flexible tubular
metallic diaphragm 51 preferably of the expansi-
ble bellows type, as shown, with deeply corru-
gated side walls, the upper end of the diaphragm
which is open to the atmosphere as through a
port 52 in the casing 42, being rigidly clamped in
place between sections of the casing 42 to pro-
vide a sealed joint between the diaphragm and
the sections of the casing. The lower movable
end of the diaphragm 51 is provided with a valve
53 of general frusto-conical shape and cooperat-
ing with the orifice 49 to control the amount of
steam passing through the latter responsive to
the degree of pressure of the steam entering the
chamber 44 through the inlet 45.

The valve also comprises a stem 54 rotatable,
but held against longitudinal movement, in the
casing 42, the lower end of the stem 54 being ex-
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ternally threaded as represented at 55 at which
it is screwed into the internal threads 56 pro-
vided in an upwardly opening socket 57 in a nut
58 held against rotation by a pin 59 secured in,
and depending from, the top of the casing 42 and
slidable in an opening 60 in a flange 61 on the
nut, the nut 58 being thus movable up and down
by rotation of the stem %4 in the appropriate di-
rection. Interposed between the nut 58 and the
lower end of the diaphragm 5i is a compressmn
spring 62,

As will be understood, the valve 53 is caused
to open and permit steam to enter the radiator
responsive to the flow of steam into the chamber
44 at a pressure depending upon the resistance of
the valve 53 to upward movement and which re-
sistance is controllable by varying the tension of
the spring 62 all to the same end as explained
above in connection with the construction shown
in Pig. 2, it being possible to entirely close the
valve against opening, by forcibly pressing the
valve 53 against the valve seat 48.

When high pressure steam, that is, steam at
any pressure above atmospheric, is used in the
heating system, the spring 62 will be a compres-
sion spring so as to aid the atmospheric pressure
within the diaphragm and the expansive force of
the diaphragm itself in maintaining a balance
against the higher steam pressure exerted on the
outside of the diaphragm. When low pressure
steam, or steam delivered under a partial vacuum,
is used in the system the spring 62 may be a ten-
sion spring to maintain the proper balance be-
tween the forces exerted on the two sides of the
diaphragm 51; or, as shown in the modification
as illustrated in Fig. 4, a compression spring 63
may be added within the steam chamber 44 and
positioned to press upwardly against the lower
end of the flexible diaphragm 51, the spring 62 in
such structure being a compression spring, and
thus assist the low pressure steam in balancing
the higher atmospherlc pressure within the di-
aphragm.

While I have illustrated and described certain
particular constructions constituting embodi-
ments of my invention and have illustrated cer-
tain particular forms of apparatus for practicing
my novel method, I do not wish to be understood
as intending to limit it thereto as the construc-
tions shown may be variously modified and al-
tered and the method practiced by other con-
structions of apparatus without departing from
the spirit of my invention, and in this connection
it may be stated that my invention, as to certain
phases thereof, is not limited to a system for a
tall building as explained, but may be used in a
system of such low height, either wherein all of
the radiators are on one floor or on a plurality
of superposed floors, that no appreciable altitude
head is encountered in using the system.

What I claim as new, and desire to secure by
Letters Patent, is:

1. The method of supplying steam to g plu—,
rality of radiators connected by a system of sup-
ply piping to a source of steam supply which con-
sists in increasing the freedom of flow of steam
from the supply piping to the radiators as the
differential between the pressure in the piping
and the pressure in the radiators increases, and
decreasing the freedom of flow of steam from the
supply piping to the radiators as the differential
between the pressure in the piping and the pres-
sure in the radiators decreases, and so controlling
the said changes in freedom of flow of steam
as to cause the amount of steam passing into the
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radiators to constitute a substantially straight
line function of the said differential.

2. The method of supplying steam to a plural-
ity of radiators connected by a system of supply
piping to a source of steam supply and disposed

at such relative altitudes that an appreciable al-

titude head exists, which consists in increasing
the freedom of flow of steam from the supply
piping to the radiators as the differential be-
tween the pressure in the piping and the pres-
sure in the radiators increases, and decreasing
the freedom of flow of steam from the supply
piping to the radiators as the differential be-
tween the pressure in the piping and the pressure
in the radiators decreases to the end of causing
the amount of steam passing into the radiators
to constitute a substantially straight line func-
tion of the said differential, and reducing the
freedom of flow to the radiators at the higher
altitude as compared to the freedom of flow to
the radiators at the lower altitudes by quantities
which are sufficient to. compensate for the ef-
fect of the altitude head to the end of causing
the same relative quantities of steam to be sup-
plied to the radiators at the higher altitudes as
to the radiators at the lower altitudes.

3. In a steam heating system, the combination
of a source of steam, a plurality of radiators, a
system of piping adapted to conduct the steam
to the radiators, said radiators being disposed at
stich relative altitudes that an appreciable slti-

“tude head is produced in the system of piping, re-

stricting orifices at the inlets of said radiators,
means operating automatically to vary the ef-
fective size-of said orifices in response to changes
in pressure at said orifices, and means present-
ing resistance to initial flow of steam to the upper
one of said radiators relative to the lower one

thereof to substantially compensate for said ,kal-'
titude head. ' :
4. The method of supplying steam to a plu-

rality of radiators of different sizes through re-

stricted openings of changeable size, which
method comprises: varying. the differential of

5

pressure between the radiators and the source of -

steam supply; causing the effective area of the
openings to increase as the differential increases;
and causing the rate of increase to be greater
proportionally as the size of the radiators is
greater. :

5. The method of supplying steam to a plu-

rality of radiators of different sizes ‘through re-
stricted openings of changeable size, which meth-

10

15

od comprises: varying the differential of pres- -

sure between the radiators and the source of

steam supply; causing said openings. to be closed’

while said differential is below a given minimum
and open when above said minimum; causing the
effective area of the openings to increase as the
differential increases; and causing the rate of
increase to be greater proportionally as the size
of the radiators is greater.

6. The method of supplying steam to a plu-- ¢

rality of radiators of different sizes through re-
stricted openings of changeable size, which meth-
od comprises: varying the differential of pres-
sure between the radiators and the source. of

steam supply in accordance with temperature :

requirements; causing the effective area of the
openings to automatically increase and decrease
respectively as the differential increases and de-

- creases; and causing the rate of variation in ef-

fective area of the openings at the respective ra-
diators to be greater or less proportionally as the
size of the radiators is larger or smaller.

FRED I. RAYMOND.
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