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10 all whom it may concern:

Be it known that 1, ALEXANDER 'I'. BAL-

- LANTINE, of Cle veland inthe county of Cuya-

hoga and State of Ohl() have invented a new
-and useful Improveme nt i inthe Mode of Regu-

lating the Expansion of Liquefied Gasina Re-
fugemtmg and Cooling Machine and Mech-
anism Therefor, of uhwh the f()llOWlIlU 18-8

- specification,

10

- My invention consists in an improvement
in cooling-machines, as hereinafter fully de-
seribed (md clmmed -

Figure 1 is an elevation of the complete‘

1mwhme except the motor, and Figs. 2, 3, 4,

“and 5 are vertical (,entml %eetl(ms thmuﬂ'h

the governing-valve.

In one known type of machine for. lOTll"‘—_
cerating by the expansion of a volatile liguid, .

. such as d,nhwh ous ammonia, the cooling ef-

20

 June 7, 1892.

35

40

- pansion - coil, such as pressure - regulating
valve or. temperatme-rewulatnw valves, of

fect is pr oduced by pemuttuw liguid ammo-

nia which is at high pressure to expand in
-the form of gasintoarefrigerating-coil, draw-
ing the e\pcmded agas from the r etnﬂ'el ating-

0011 and compressing it by means of a p‘ump,
coolmﬂ' by water, a,nd permitting it again to

xp.rmd into the lefrwe1 atmﬂ-eml as shown
and described in my Patent No.

It is ewdent that the Lontmua,nce of this

'opel.atwn requires, first, that the pump must

be kept in operation, d;lld second, that the
refrigerating (or e\cpanswn) coil ‘must at all

times contain expanded gas.

My experience with this class of machmes
leads me to believe that the second require-

ment cannot be automatically met by either

a valve set to admit a steady reﬂ'ulated feed,
as in my former patent, or in Patent No.

254,203 or No. 344,310, orby a valve intended

to mamtam a constant Ppressure in the ex-

which Patents Nos. 135,698, 325,625, 406,775,

436,858, and 458,247 show types, because the
small orifice necessar ily employed soon clogs

up, (probably with some. saponaceous sub-
stance,) and because of their liability to flood
the expansion-coil with ammonia, nor by a
positively-driven intermittent feed as by a

s yvalve operated from the mm'mg_pmtq of the

475, ‘558 dated |

by a needle-valve F.

- !

pump, because of the irregular action of gas-
pumps working against pressure.
. I have discovered that by admitting a jet

or spurt of ammonia to the .expansion-coil

when the pressure in said coil is reduced to
a predetermined limit and then closing the
feed-valve until the pressureisagain 1ed uced
to said limit a machine of this class can be
made which is automatic—viz., which will op-
erate continuously so long as the pump is
kept in motion.

P represents a pump, having eylmdefs D P,
which is driven by power ;Lpphed to a rock-

shaft R. O represents the discharge-pipe of

said pump; S, & box containing a condens-
ing-coil and tank connected with pipe O; B,
a pipe connected with said tank, and C a
refrigerating or expansion coil connected at
one end ﬂnmwh governing mechanism em-

‘bodying my 111Vent10n “with pipe B and at

55

6o
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the Oﬂlel end with the easing of pump P. 'All .

these parts; except the governing mechanisin,

| may be identical in construction and opera-

tion with the corresponding parts of my Pat-
ent No. 476,358, or may be of any other suit-
able constr 11(11011 and do not need demlled

descriptiop.
A governing mechanism embodying one

and what I now believe to be the best form
of my invention is-represented in section in
Figs. 2 and 3 and is as follows, and for the

sake of brevity 1 will herem&fter indicate the

compression side of the system simply as.
““pipe B,” and the expansion or 1efr1gerat.mﬂ'
sldeﬁof the system simply as “‘pipe C.”

A represents a tube or valve-casing closed

at its lower end by a. head D, into which tube

(through a boss 2) leads the pipe B and out
of which (through a boss 3) leads the pipe C,

‘the joints of these connections being made

gas-tight. The pipe E is closed at its inner
end, and on its under side is formed a small
orifice 4, which serves as a feed or supply
port and a valve-seat to receive and be closed
This needle-valve F is
carried in a yoke G, as I have illustrated my

invention, (but ef course may be guided and

carried in any other suitable way,) the yoke

75

8o

go

G encireling a portion of the pipe B, being

an easy way to ad;mqt this mechanism,

10D



“H represents a valve-stem which passes
through and is eonnected with a flexible.dia-

- phragm K, which closes the upper end of the

" It

10

T

40

45
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tube A, and above this diaphragm is pivoted
on-pin 8 a lever ., resting on the top of the

alve-stem H, and provided with an adjust-

‘able weight M, by which the pressure of said

~lever on the

15 A
- only g
even. undﬂr considerable varmtlons of form,

alve-stem may be regulated.
The weight of the valve may take the place

of this ]ever but I prefer the lever or a spring.

It wiil be- noticed that diaphragm Ik is

slmhtlj arched, its shape in Fig. 4 being prac-
tically identie: al with that of. the spring bot-
tom of an oil-éan and in Figs. 2 and 3 being

an- upwardly-e\tendmfr flat arch. This not
gives the diaphragm a.sufficient play,

~ sothatthe valve whenit opens may open wide;

20

‘but this form of diaphragm offers greater re-

sistance to or works more eﬁectively against

-the pressure of the léver L when it is at its

30

to do so.

hwhest ‘working pomt—that is, when the
'-Valve is closed-——than at any lower working
‘point; so that when the valve is closed the
spring action of the dlaphraﬂm will so rein-
force the gas-pressure as to hold the valve

closed even when the gas-pressure on the

- under side of the dlaphrawm as 1t becomes.
- reduced or lessened, is insufficient by itself
The result is that when said dia-
‘phragm is pressed down it will open the valve.

which it governs fully and quickly, and when

it is pressed up will close-the valve and hold

it closed until the fras—presamre 18 sufﬁelently

reduced.
I have shown valve I in Flﬂ's. 2 and 3 ar-

ranged to close against the pressure in pipe

L

B and have made 1ts area so small in com-

parison with the area of diaphragm K that
the pressure on said valve may be neglected,

or, rather, may be treated as a mere addition al
we1ght to be raised and sustained by the
pressure on diaphragm E and the spring ac-
tion of said diaphragm. If, however, the ac-
tion of valve F be reversed—that is, if it be
made to close with and open against the press-
ure in pipe B, as shown-in Fig. 5—then the
effect of said pressure in forcing -said valve
to its seat and holding.it there will reinforee
the gas-pressure on said diaphragm and will
in some cases be sufficient (when the area of
the valve and valve-stem is large enough) to

‘entirely take thie place of a spring diaphragm

and permit the use of any form of diaphragm

‘whieh 18 sufﬁuentl} flexible.

The operation of iny invention is as follows:

" I will first consider the structure of Figs. 2, 3,

and.4.  Assume that a gas-pressure of fifteen

- pounds to the sq1mre inch on the under side

of diaphragm E, in addition to the resiliency
of thie diaphragm itself, is. required to close
valve F when once open. Assume that valve

I'is elosed and theve is a gas-pressure of fifteen

o twenty pounds to the square inch on the
under side of diaphragm E.
pressure of the weighted lever 1., tending to.

In this case the

open said valve, 18 resisted, first, by the gas-

{

|

does not work in. this way.

540,426

| pressure on the under side of diapnragm Ly

and, second; by the resistance (not merely the
I\ sﬂmnee) of the arched diaphragm.
effect of arching the diaphragm is to cause 1t

to offer a ﬂ'reatel‘ resistance to lever I when in
1ts 1101'111&1 form than when deformed.
may easily be tested by pressing on the arched

bottom of an ordinary spr ing-bottom oil-can,
when it will be found that more pressure is
required to start the arched bottom inward

than to press it fa,riher in when startedor
Of eourse both dia-

to hold it pressed in.
phragm E and the spr ing bottom of an oil-can

tend by their resﬂlence to return to their

- The .

This .

75

So_"

:normal form when deformed, but this resili-
ence 1s present inevery p051t10n of the dia-

phragm and may be treated-as merely an ad--

ditional elastic foree added to and acting in
unison with the gas-pressure on the under
side of the diaphragm.

from C, is to reduce the gas-pressure on the
under S1de of diaphragm K, 1f my apparatus
were an ordinary pressure-rerrulatmw valve,
such as is shown in any of the patents above
cited; assoon as the gas-pressure in C becomes

-reduced just below fifteen pounds to the

-squareinch valve K would open slightly and 93
assume such position as to permit ]1quld to -
pass ‘through orifice 4 just fast enough to.

maintain & constant pressure of fifteen pounds

to the square inch in C; but my apparatus
When the gas-

pressure in C is reduced just below fifteen
pounds, the valve remains closed because of

the resistance (not merely -the resilience) of -

the arched forn: of diaphragm. Assume that
this ‘‘arch” or resilient remstanoe, of what-
ever kind it be,.is equal in its effect upon
lever L to a gas-pressure of three pounds to

the square inch on the under side of dia-.
Valve ¥ will remain tl“]lﬂ} |

phragm E.
closed until the gas-pressure in C is reduced
to twelve pounds to the square inch, when
lever L will overcome the resistance of the

arch or other resistance of the diaphragm,
and start the diaphragm inward. This in-
stantly eliminates this particular resistance
of the diaphragm, leaving only the gas-press-

ure in C, plus the 1101‘11141 regilience of the

dmphratrm to oppose lever I, and the valve
F is instantly opened wide. A portion of the

liquid in pipe B instantly spurts violently"

| through orifice 4 and raises the pressure in
pipe C to fiftcen pounds to the square inch,
or more, and this pressure, acting on the un-

| der side of diaphragin E forces said din-

phragm upward and oloseq valve K. 'The
valve now stays closed until the pump again
reduces the pressure in pipe ('as before, whon
the action above described 18 repe: ated.

If the valve I be made to close with the
pressure in pipe B and a diaphragm be used

which has no arch action and even no re-
silience, the operation will be as follows: AS
one end of the valve-stem is ﬂllh}f‘(’t to the

Under these condi-
tions the action of the pump P, drawing gas

90
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gas-pressure in C on diaphragm E, plus-the

175
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" E and valve ¥ will remain closed. As the
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pressure in pipe B, there is a,lways an unbal-'

anced- pressure equal to the pressure in ‘B
over atmospherlc pressure tending to close |

valve F'; but as this is a constantly-actmg'
force it may be neglected just as in the pre-
vious description the resilience of the dia-

phragm was neglected. Assuming the same

conditions as bef01e with valve F closed and

a gas-pressure of one hundred pounds in pipe

. B, it is evident that the tendency of lever 1.

to open the valve is resisted by the gas-press-
ure in C on diaphragm E, the unbalanced
pressure on the lower e‘nd of the valve-stem,
and by the unbalanced pressure on so much
of the under side of valve F as equals the
area of orifice 4, minus the area of the valve-
stem, (which area I will hereinafter call the
‘“valye ‘area” for brevity,) and this unbal-
anced pressure is the difference between the

pressures in B and C. 1 will now disregard

the second factor in deseribing the operatlon
When the pump has reduced the pressure in
C to fifteen pounds, the weighted lever L will

“be resisted by a pressure of about eighty-five.

pounds to the square inch on the valve-area
in addition to the gas-pressure on diaphragm

pump continues to reduce the pressure.in C,
these two forces will hold the valve closed

until their sum becomes of less effect than a

gas-pressure of fifteen pounds to the square
inch on-diaphragm K, when lever L will force
the valyve F open. As soon as the valve opens

at all the unbalanced pressure on the valve

area 1s reduced and the valve opens wide.
A portion of the liquid in pipe B instantly
spurts violently thr ough orifice 4 and raises
the pressure in pipe C to fifteen pounds to the

square inch, or more, and this pressure, act-

ing on the undel s1de of diaphragm E, forces
said diaphragm’ upward and closes Valve F.
The instant the valve closes the unbalanced

pressure on the valve area again comes into
play and the above descr 1bed operatwn is-

repeated.

- When the valve of I‘10° 5 is used Wlth the

diaphragm of Figs. 2, 3, and 4, both the arch

action and unba,lanced pressure on the valve

area can be utilized. I prefer the mechanism
shown in Figs. 3 and 4 to that shown in Fig.

5, because with the arched diaphragm I can

utilize the downward archresistance of the
diaphragm to the closing of the valve by so

arranging the mechanism that the diaphragm-
when the valve opens springs down beyond

the center-line and arches downward, thus
affording a resistance to closure of the V&lve

~ similar to its: remstance to opening. The

6o

mode of operation is therefore analogous to
what would oceur if valve F were arranged
to be opéned and closed by hand and an en-
gineer should wateh a gage on pipe.C; and,
when the pressure therein was reduced to. a

determined amount, should open the valve,

admit a spurt of ]iquid to pipe C, and then
close the valve, wait till the pressurein C was
again reduced to the determined amount, and

‘again open and close the-vaive; but it dif--
fersin the important partlculars that my ap-
paratus is'automatie, is much quicker in its
operations than a, nmnually-opem’red valve -
would be and is always ready when the ap-

_pomted time arrives.

While I preferto use a weight or spring for
the force which tends to open the valve be-
cause of cheapness of construction and ease

- of adjusting them to the varying limits of ex-

pansion in C, whichk may be requlred for dif-
ferent sﬂuabmns where varying .degrees  of
temperature are desirable, it is ewdent that
any other positive force may be substituted
for the weighted lever or its equivalent—a
spring.” Inmy invention the most important
feature is the manner of operation, and the
particular forces employed are of secondary
importance, though there i8 room for selec-
tion on this point in the line of economy, sim-

plicity, ease of adjustment, and dumblllty,

and all mechanisms of llke function, which

will do the work under the descnbed con-
ditions of use, are. included herem as me-
chanical equwalents

It will be thus seen that the a,ctmn of the
pump governs the admission of ammonia mto

“the expansmn -coil, and that if the pump is ir-
regular in its action and occasionally misses
one or more strokes, which is usually the case

with gas or air pumps working against press-
ure, the feed is correspondin gly irregular, and
valve F will wait until the pump has caughtup
with its work. This mode of operation gives

| the additionalincidental advantage that only
| a small part of the expansion of.the ammonia
occurs at the valve, where it 18 injurious, and

the bulk of the expansion occars in the re-
frigerating coil, where it is mneeded, ‘while
with: a pressure - regulating valve or a tem-
perature-regulated valve (during. the short
time which elapses before they clog up) the
expansion is mainly at the valve and freezes
the clogging deposit as fast as it forms.

In practice I soregulate thévalve-opening
mechanism that the V{LB"B will open when the

| pressure in the refrigerating-coil Cfalls to the

point which corresponds exactly or approxi-
mately to the expansion desired for the work
to be done. |

It will be noticed that in Fw the said
tube B has itssides flattened to serve the bet-

ter as a guide for said yoke, and the said yoke

is suspended from the diaphgram K by a rod
H, which passes through the center of the
diaphragm, and is threaded in the yoke so as
to be adjustable. Now in order that this
valve F may be adjusted by the attendant
or operator, so as to get 1t at any desired
point, I may employ a key-rod K, which
passes up through thé center of the head D
and is packed therein to avoid leakage and
has its upper end constructed to engage in
an .open slot in the head 6 of the valve I\
The loweror outerend of rod K is constructed
to be engaged by a wrench or other device

“to turn it, and so,if, the valve I requires

70.
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setting, the operator ¢an reach it through this

rod K and turn it freely as if he could reach
the rod itself directly by a suitable turning-
- ipnstrument. This loose construction of the

.5 valve-liead 6 enables the valve to have the
‘necessary.up-and-down movementresponsive

to the diaphragm E withoutin any mannerdis-

engaging it from the key-rod K, and hence

_ without changing the position of said valve.
10 1 have shown a construction of diaphragm’

and type of valve which I like very much,
but wish to have it understood that my in-
vention is not confined to these forms, as I

- believe that I am the first man to substitute
15 an automatic intermittent irregular jet or
spurt feed for a regular feed in a machine of
this class and therefore the first to produce
an automatic machine which will operate
without attention so long as the pump runs.

‘30 I find that while the valve:closing with the |
pressure in b, Fig. 5, can be used with any.

- form of diaphragm which is sufficiently flexi-
ble it works very nicely with. the arched re-
silient diaphragm shown in the other figures.

25 It is evident that when the principle of my

_ machine is stated to good mechanics various

mechanical structures can be made differing

in form and appearance from those which 1

have chosen to illustrate iy invention, but

" 30 adapted to do the same work on the same
~ principle. . | | o

" What I claim as my invention, and desire

 to secure by Letters Patent, is— |

1. Inarefrigerating or cooling machine, the

3¢ combination of a pump, a compression coil,

an expansion coil, an intermittently operating

feed valve intermediate between the two coils,

a movable diaphragm or abittment subject to |

‘gas pressure on the opening of the valve, for
reclosing it, a suitable mechanism, (as a
spring, weight or equivalent fluid pressure,)
acting in the same direction as such gas
pressure and acting with greater effect when

. the valve is closed than when the valve is

45 opened, and asuitable power applying mech-
anism, (as a weight, spring or equivalent fluid

|:comes to its seat, and a suitable power-apply-

substantially as set forth. |

pressure,) normally constant in amount, for
opening the valve, substantially as set forth.

. "2, In arefrigerating or cooling machine, the

combination of a pump, a compression coil, 50
an expansion coil, an intermittently operating
feed valveintermediate between the two coils,
a movable diaphragm or abutment subject to
aas pressure, on the opening of the valve, for

| re-closing it, a suitable power-applying mech- 53

anism, (as & weight, spring, orequivalent fluid
pressure) for opening the valve, and a coun-
teracting mechanism, (as a spring, weight, or
equivalent fluid pressure,) suitably arranged
and adjusted inamount and direction for par-
tially neutralizing, when the valve is closed,
the effect of the opening mechanism,-such

60_

neutralizing mechanism becoming practically

inert or inoperative on the opening of the
valve, substantially as set forth. * 65
3. Inarefrigerating or cooling machine, the
combination of a pump, an expansion coil,
an intermittently operating feed valve, in-
termediate between the two coils, a movable -
diaphragm or abutment subject to a variable, 70
gas pressure operative in a suitable direction
for seating the valve, a suitable pressure-
applying mechanism supplementary thereto,
and operative in the same direction, but with
an increasing effect. or force when the valve 75
ing mechanism, (asa weight, springorequiva-
lent fluid pressure,) for opening the valve,

. 4. In combination with the compression
chamber and the expansion chamber of an
ammonia refrigerating or ¢ooling machine, &
valve located between said chambers, having
an arched resilient diaphragm, subject to the -
pressure in the expansion chamber, tending. 85
to close said-valve, and a weight or spring
tending to open said valve. |

ALEXANDER T. BALLANTINE.
~ Witnesses: '

JAMES T'. SARGENT,
ITARRISON B. McGRAW.
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