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To all whom & may concern:

Be'it known that I, Joux A, CALDWELL, &
eitizen of the United States, residing at Mont-
clair, in the county of Kssex and State ot

5 New Jersey, have invented certain new and
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useful Improvements in Apparitus for the
Analysis of (iases, of which the following 1s
a specification, reference being had therein
to the accompanying drawings, in which—
Figure 1 is a diagrammatic view of the

%‘ppamtus, nortions being shown in section; |
Fig. 2 a plan view of the rotatable record |

ig.

card holder and the motor for operating it;
Tig. 3 an end elevation thereof, the record
card holder being shown in sectional view:
Fig. 4 a detail view showing the octagonal
card holder and the marking device; Fig. 5
a detail view of the means for taking gas
from a furnace; Fig. 6 a detail view of the
selective valve for taking gas from a series of
furnaces in succession; Figs, 7 and 8§ detail
views of the valve for controlling the inove-
ment of the gas from the furnace to the meas-
uring chamber and to the absorption cham-
ber: and Fig. 9 a detail view of the means
for drawing the gas irom the furnaces.

This invention has relation to a mechanical
means whereby a practically continuous rec-
ord is asutomatically produced showing the
percentage of carbonic acid present 1n fur-

nace gases, $o as to provide a permanent and
reliable indication of the condition of eom-
bustion for the cuidanes ol engineers.

One of 1ts many objects 1s to provide sim:-
ple, worurste, and reliable apparatus for
analyzing zases {rom a series of turnaces, and
for producing a permanent individual card
cecord showing the couditions of combustion
In each furnice. |

A further object of the lnvention is to pro-
vide a rotatable recovd card holder adapted
to carry a number of cards and to give satd
holder a step-byv-step movement and a longl-
tudinal moverment, and to provide means for
‘marking on the cards a permanent record
showing the condition of the furnace gases.

Thiere are many other important ohjeets

atud. advantaves of the invention which will

be particularly deseribed heremntter.
‘Referrine to the various purts by numerals,
1 desigruates a series of boiler furnaces, said
furnaces being diagrammatically indicated.
These boilers are connected to a seleptive in-
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ries a ring 11 at its up
suspending and lifting cord 12 1s attached.’
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take valve ar device 2 by suitable pipes 1.
From the valve 2 the gas is led through pipe
3 to a point near the bottom of a suction-
regulating chamber % filled with water or
other suitable sealing liquid. Pipe 3 is open
at its lower end and may be extended any
suitable distance down into the liquid con-
tained in said chamber, for a purpose which
will be hereinafter set forth. o

The top of chamber 4 is connected by pipe
37 to a valve casing 5 containing the rotata-

ble valve 6 having a series of ports. Toone

of the ports in the valve casing a pipe 7 18

connecied, the lower end of this pipe being in
communication with the top of a stationary
measuring chamber 8. To the lower end of
this measuring chamber is connected a flexi-

ble rubber pipe or tube 9 which extends be-

low the measuring chamber a suitable dis-
tance and is then turned and brought up-
A small chamber or bottle 10 1s con-
nected to the upper end of tube 9, and car-
per end to which the

The cord 12 passes over a suitable pulley 13

and is secured to a drum 14, which serves to

support the chamber 10 and the tube 9, and

to raise and lower them as will be hereinafter

described.

Connected to the valve casing 5 1s an out-
let pipe 15 which is adapted to be brought
the pipe 7 at the
proper point in the rotation of the valve 6,
wherebv a measured quantity of gas from the
chamber 8 will be passed through said pipe as
will be hereinafter described. An absorp-
tion chamber 16 is connected to the outlet
end of pipe 15 so that gas may be delivered
from pipe 7 through the valve 6 into said
chamber. Within said chamber is arranged

anv suitable material adapted to absorb car-

honic acid. I prefer to use potash, and to
place in the chamber a suitable quantity.of
iron wire netting. Connected to the bottom
of the absorption chamber is a pipe 17, which
is carried up to a suiteble point above the ab-
sorption chamber and is connected to the
bottom of a displacement chamber 18 .1n
which is contained a suitable liquid. -This
chamber is open at its top: and arranged to
inove therein, according to the displacement
of the liquid, is a balanced weight 19. This

. weight is connected to the lower end of a
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Hlexible cord 20 which passes over a suitable ] completion of each operation, thereby indi-

10

16

pulley 21 and carries at its other end the
counter-halance weight 22,

mové up and down according to the displace
ment of the liquid in chamber 18. )
Secured to the drum 14 is an actuatin

drum 29, and wound on said drum 1s a cord

30 whose lower end is connected to a verti-
cally reciprocating bar 31. This bar 1s
moyed vertically by a crank arm 32 which
rotdtes in a yoke 33. The crank arm is car-
ried b{:
from the main shaft 35 of the motor 36. The
crank 32 is of such length and the drum 29
is so proportioned with respect to the drum
14, that the required vertical movement of

 the chamber 10 is secured, and said move-

20

25

30

ment is predetermined and 18 constant.

The operation of this portion of my appa-
ratus ic as follows:—The chamber 10 and
tube 9 is supplied with a suitable quantity
of liquid and the upper end of the chamber
10 is open to the atmosphere.

bar 31 is raised by the crank arm 32, the
chamber 10 is lowered. This dropping of

the chamber 10 causes a correspondin
of the liquid in the measuring chamber 8.
The lowering of the liquid in the chamber 8

produces a vacuum in the upper part of said |

chamber and in the pipe 7 so that when said

. pipe is connected to pipe 3* gas will be drawn

35

0

45

50

55

weight .19.

om pipe 3 through the liquid in chamber 4

to pipe 3* and then through the valve 6 and

pipe
chamber with a certain quantity of gas from
one of the furnaces connected to the selective
valve. At this point the valve 6 rotates cut-
ting off communication with pipe 3* and

lacing pipe 7 in communication with pipe 15

eading to the absorption chamber. The

crank arm 32 has now made a one-half revo-
lution #nd is depressing the bar 31 thereby
elevating the chamber 10 and the tube 9 con-
nected to it.

said chamber and tube to again pass into
chamber 8 and to force the gas therefrom into

the absorption chamber. When the CO, 1s
absorbed, the unabsorbed gas forces the fiq—
uid from said chamber into the displace-
ment chamber 18. Any movement of the
liquid in the displacement chamber causes &
corresponding movement of the balanced
'he larger the percentage of car-
bonlc acid in the furnace gases the smaller
will be the amount of liquid displaced by the

“unabsorbed gas and consequently the shorter

will be the movement of the balanced weight

" 19. When the chamber 10 has reached 1ts

60

maximum height all the gas from the meas-
uring chamber 8 has been driven to the ab-
sorption chamber and the unabsorbed gases

have lifted the weight 19. Connected to the
weight 19 is a marking device whereby the

85 height of the weight will be recorded at the |

The weights 18 |
and 22 are equal so that the weight 19 will |

a shaft 34 driven by suitable gearing

When the |

rop |

7 to chamber 8, thereby filling said |

This causes the liquid in the

cating the amount’of CO, absorbed 1n the
chamber 16. PR -

It will readily be understood that the
movement of the chamber 10 being con-
stant a certain amount of gas will be drawn
into the chamber 8 at each movement of the
chamber 10, and that said fixed quantity of

| %a.s would cause a certain displacement of the
liquid 1in the displacement chamber if all of

said gas were forced into the absorption
chamber and none of it absorbed. - 1t 1is,
therefore, apparent that the extent of move-

ment of the weight 19 will indicate the.
as not absorbed in the potash

amount of _
chamber. When the chamber 10 has been
raised to its uppermost position and all of the

| %‘:}.s from the measuring chamber 8 has been
orced into the absorption chamber the valve

6 places the pipe 15 in communication with

gases may pass from the absorption chamber
to the atmosphere. _

To make a permanent record of the move-
ments of the weight 19 I provide an appara-

70

75

80

85

| the escape pipe 37 so that the unabsorbed

96

tus which. consists of a horizontally mounted +-

octagonal drum 38 mounted on a rotatable
tube 39. *
at one end in bearings 40 and is formed with
a long exterior key-way 41. Mounted 1n a
fived bearing 42 and extendin% longitudimally
into the tube is a non-rotatable screw rod 43.
Secured to the drum is a split nut 44 which
engages the screw rod and forces the drum
therealong as the tube carrying the drum
is rotated. Secured to the tube 39 bétween
the bearings 40, by means of a rib fitting in
groove 41 1s a ratchet wheel 45, and also con-
nected to said tube between the bearings 40
is a gear wheel 46. This wheel is connected

This tube is rotatably supported

95

100

106

by a train of gears 47, to a drum 48 carrying

a weight and cord 49. The ratchet wheel 1s

provided with eight teeth to correspond to

the faces of the drum. To permit the ratchet
wheel and the drum to have a step-by-step
rotative movement I provide two electrically
operated pawls 50 and 51 which serve as an
escapement device.

To actuate the pawls 50 and 51 I provide

a rotating circuit making and breaking de-
vice 52 sald device being operated from the
main motor shaft by means of the shaft 53
and suitable beveled gear connectigns with
the shaft of the circuit breaker.
gmll:ing and breaking device consists of a
18
plates 54 which, as said disk rotates, com-
plete the circuits between the contact pieces
55 and 56.- The contact pieces 56 control
the magnet 57 of the pawl 50 and the contacts

55 control the magnet 58 of the pawl 51.

The contact plates and the circuit closing

device are so arranged that when the circuit

is completed through the pieces 56 it will be
broken at the pieces 55; and when completed

This circuit

provided in its periphery with contact
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through 55 it will be broken through 56.
The pawls 50 and 51 each consists of an

armature 59 carrving a pawl 60. a spring 61

acting against the magnet and maintaining

{mwl 60 in the path of the tooth of the
ratchet, except when the magnets are
energized.
respect to the ratchet teeth that when one
pawl is in engagement with the ratchet tooth
the other pawl is released therefrom and 1s
resting on the outer surface of a tooth, the

~ object being’ that when the engaged pawl is

15

20

~ obtamnin

released the other pawl will stop the ratchet

wheel after it has rotated one tooth. The

circuit making device rotates at a constant

speed and the drum will make one complete

revolution to each revolution of said device,
the drum, however, making its rotation by a
step-by-step movement.

prefer to use an octagonal drum when

- eases in four furnaces, and to secure a record

25

cdtd on every .other face of said drum,
whereby said cards will have a blaunk space
or side of the drum between them. To

‘fake a permanent record on each card 1 pro-

" vide an electricallv operated marking point

30

39

40

45

- 50

i H

60

62 which is carried by the cord 20. This
marking point is so located on said cord and
with respect to the record carrying drum 38

that it will be adjacent one of the faces of
- drum.

said drum when the chamber 10 is In its
uppermost position and the balanced weight
19 has reached the length of its upward
movement. When the chamber 10 has
reached the uppermost point of 1ts movement
a finger 63 on the cord 12 will engage two
contact points 64 and complete a circuit
through magnet 65. This magnet 1s ar-
yunged to attract an armature 66 which 1s
held back by a spring 67. The armature 66

carries a push-plate 68 which is adapted to |

engage the murking pin 62 and to force sad
pin against the record card carried by the
drum. The. drum-moving means 18 so
timed that the drum will be rotated when
the chamber 10 is lowered and the absorp-

.tion chamber is connected to the atmos-
phere to perinit the weight 19 to return to its

normal position. The marking point 1s then
below the drum. By this means-the drum

and the marking point mav be arranged

close together and. the movement of the
marking point under the action of the mag-
net 65 need be very shight. '

It will, of course, ,
movement of the selective valve 2 must be
timed with respect to the movement of the

drum, so that the gas analysis recorded on

each card wili be from the same furnace,
‘that is to say, the analysis of gas from No. 1
furnace will be recorded on No. 1 card dur-
ing all of the revolutions of
likewise with respect to all |
65 naces. By this means 1 obviate the use o

the drum, and
the other fu_lr..

The pawls are so arranged with

records of the conditions of the

-y

be understood that the | _
The two chambers 10 and 10% and thetr

2

a complete analyzing apparatus for each

furnace.
The selective valve 2 1s -mounted on a

' shaft 25 and is provided with n port 5%

which is adapted to register with the inlet
ports 25° from the furnace. In the valve

casing is formed a gas chamber 259 with

4

which the pipe 3 is connected. To this
chamber is also connected a pipe 25° to the
outer end of which i1s connected a suction
exhaust 257 which tends to cause a vacuum
in’ the chamber 259, the suction on pipe 25¢,
however, being less than the suction on the
pipe 3 whereby pipe 3 will be able to take
its supply from the chamber 25¢, notwith-
standing the suction on pipe 25°. It will,
therefore, be seen that as the valve 2 ro-
tates and its port is brought in communi-
cation with the inlet from the furnaces a
supply of gas will be taken from each furnace
into the chamber 25¢ by reason of the suc-
tion on pipe 25° and that a proper quantity
of gas will be taken from the chamber 25°
into the chambers 8 and 82 The move-
ments of the valve 2 and the valve 6 are so
timed that the port 25" will admit gas to
chamber 259 from one of the furnaces when
the pipe 3* is connected to either pipe 7 or

' 72: and the rotation of the drum 38 and the

valve 2 is svnchronous so that each furnace
will have an individual card record on said

- The nut 44 is split horizontally, its
sections 44® being hinged together. A screw
44" is provided to hold the two sections of

' the nut together around the threaded rod

43. The purpose of using said split nut 1s
to permit it to be disengaged from the thread-

| ed rod so that the tube 39 and the drum

may at any time be moved back to the
bearing 42. . '

In order to render the apparatus rapid in
operation I connect a second measuring
chamber 8® to the valve casing 5 by a ptpe
7% the valve ports being so arranged as to
place said pipe 7° at the proper times in
communication with the pipe 3* and with
the absorption chamber through pipe 15.
A second rubber tube 92 is connected to the
lower end of the measuring chamber, and
chamber 102 is connected to the upper end
of said tube. A ring 11° is secured to the
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chamber 10* and to said ring is secured a

cord 122 which passes upwardly over a
pulley 13* and is wound upon the drum 14
1n a direction the reverse of that of cord 12.

attached parts balance each other so that
very slight force exerted will cause them to

_be alternately raised and lowered. Within

the drum 14 is secured a suitable spiral
spring -14* which moves said drum In one
direction when the bar 31 is lifted by the
crank 32. When said bar is depressed by

f | the crank 32 the cord 30 will rotate the drumn

120

125

130



4 008,687

14 against the tension of the spiral springJ
therein. e -
On the cord 12* is secuted a contact

/ finger 43* which engages a contact 442 |
5 when the chamber 10% has been raised to
its highest position. The contact pleces

P

43 and 43* complete the circuits to the mag- |

net 46 which actuate the marking device,

seld device being operated every time the

.10 receptacle 10 or 10% is raised to its highest
point. - %

The valve 6 is formed with ports 62 and 6b.
The ports 62, as the valve 6 1s rotated, con-
nect the measuring chamber to the furnace L

15 and to the absorption chamber; while the |
short ports 6" connect the absorption |
chamber to the exhaust pipe 37, this valve
being so timed in its rotation that the
proper connections are made.

20 It will thus be seen that when one meas-
ured charge of gas is being delivered into
the absorption chamber from one of the
measuring chambers the other measuring
chamber is being charged with gas from the

25 furnace. z

I do not claim the specific form of the |
apparatus for taking gas from the furnace
and foreing it into the absorption chamber
or the specific arrangement of the two

30 measuring vessels and tlie means for draw-

Ing gas into themn alternately from the fur- |

naces as that part of the apparatus is not
my invention.

Having thus described my invention, what

35 I claim as new and desire to secure by Let-
ters Patent, 15— "

1. A gas analyzing“apparatus comprising |
means for measuring gasebus products of
combustion, means for successivelv connect- |

40 1ng said gas measuring means to each of a
series of furnaces, whereby a charge of gase-
ous products of combustion mav be taken
from each of said furnaces in SUCCEsSION, an
absorption chamber, means for delivering

46 the gas from the measuring chamber into
sald absorption chamber, and a single device

- for separately indicating the amount of gas
absorged from the products of combustion
from each furnace.

50 2. A gas analyzing apparatus comprising
means for taking a measured quantity of gas |
from each one of a series of furnaces, an ab-
sorption chamber to receive said measured

uantities in successiony; a displacement

55 chamber connected to thp absorption cham-
ber, a marking device to indicate the amount
of gas absorbed in the absorption chamber,
means for holding a record card for each fur-
nace, and means for actuating the marking

80 device to form an individual record for each
furnace. -

3. A gasanalyzing appamtus COMPrising a

selective means for taking a measured quan-
tity of gas from each of a series of furnaces, |

means for absorbing a portion of each of said
megsured'quantities of gas, a marking means
to indicate the amount of gas absorbed, a
movable card-holder, means for moving said
card holder synchronously with the selective
device, whereby a card will be prepared for
each furnace indicating the composition of
the gaseous products of combustion.

4. A gas analyzing apparatus comprising
selective means for taking a measured quan-
tity of gas from each of a series of furnaces,
means for absorbing a portion of the furnace

gas from each of sald measured quantities, a

marking means to indicate the amount of oas
unabsorbed, and means for making a per-
manent record indicating the composition of
the gaseous products of combustion in each
furnace. o '

5. A gas analyzing apparatus comprising a
selective meaus for taking a measured quan-
tity of gas from each of a series of furnaces
means for.absorbing a portion of each of said
measured quantities of gas, a marking means

to indicate the amount of gas unabsorbed
' from each of said measured quantities, a

movable record holder, means for moving
sald record holder synchronously with the
selective device whereby a separate record
may be kept for each furnace.”

6. A gas analyzing apparatus comprising a
selective means for taking a measured quan-
tity of gas from each of a series of furnaces,
means tor absorbing a portion of each of said
measured quantities of gas, a marking means

65

70

5

80

85

80

95

to indicate the amount of gas absorbed, a ro-

tatable card holder having a plurality of flat
taces adepted to receive record cards, means

| Tor rotating said card holder synchronously

with the selective device for each successive

- operation of suid device, whereby a card will

be marked for eacli furnace.

o

7. A gas analyzing apparatus comprising a
selective means for taking a measured quan-

tity of fg'a}s from each of a series of furnaces,
Or

means for absorbing a tPu::nrti(m of each of said
measured quantities of gas, a marking means

100

106

110

to indicate the amount of gas absorbed, a ro-

tatable card holder having a plurality of flat
faces adapted to receive record cards, means
for rotating said card holder svynchronousl

with the selective device whereby a card will
be presented to the marking device for each
successive operation of said device, wherebv
a card will be marked for each furnace, and

| means for moving the card holder longitu-

dinally. _

8. Agas analyzing apparatus comprising a
selective means for taking a measured quan-
tity of gas from each of a series of furnaces,
means for absorbing a portion of each of said
measured quantities of gas, a marking means
to indicate the amount of gas absorbed from
each of said measured quantities, a rotatable
card holder, means for giving said card

115
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~ holder a step-by-step rotative movement , | signature in the presence of two witnesses
;n;dmeans f3r actuating the ma:iking devii:ce this 28th day of October 1907.
between said rotative steps, and means for | ' .
moving thecard holder lozﬁifudinally,whem- - - JOHN A. CALDWELL.
for each furnace { Witnesses:

5 by a card will be prepar

~indicating the condition of the fuel gases. ~ Wwum. R. Davis, -
-+ In testimony whereof 1 hereunto affix my "Emma H. H. K.AUEMAHN.
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