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ARTHUR B. CUNNINGHAM, OF CHICAGO, ILLINOIS, ASSIGNOR TO REPUBLIC FLOW
METERS COMPANY, OF CHICAGO, ILLINOIS, A CORPORATION OF ILLINOIS -

MECHAJ.\TICALLY OPERATED GAS ANALYZER

Application filed June 18, 1926. Serial No. 116,777.

This invention relates to a device for
analyzing the percentage of carbon dioxide
1n flue gases and maintaining a record of
the analysis. _ ' |

The object of the invention 1s to provide

a cevice of the class named which shall be

of improved construction and operation and
which 1s actuated by a motor rather than
by flowing water. |

Other objects of the invention will appear
from the following description.

The i1nvention is exemplified in the com-
bination and arrangement of parts shown in
the accompanying drawings and described in
the following specification, and it is more
particularly pointed out in the appended
claims. o

In the drawings ;—

Fig. 1 15 a vertical sectional view of an
1nstrument embodying one form of the pres-
ent 1nvention; _ _

- Fig. 2 is a top plan view of the instru-
ment with the cover removed;

Fig. 3 1s a transverse section of the in-
strument substantially on line 3—3 of Iig.
2, with parts omitted; - _

Fig. 4 is a fragmentary elevation of a
part of the mechanical operating mecha-
nism; S

Fig. 45 and _

Iig. 6 is a vertical sectional view of the
reciprocating cylinder showing its connec-
tion with the exhaust pipe for the measured
ons. _

stmilar to my prior application, Serial No.

501,077, filed September 16, 1921, but differs

from the device of that application in that
the present invention provides means for
actuating the instrument from a power drive
instead of by water from a pressure main.

In the drawings, the numeral 10 desig-

“nates a tank for containing caustic potash

Kig. 5 1s a view looking from the right in

The present invention is in some respects

through which measured charge-s of the flue

gases are passed to absorb the carbon di-
oxide therefrom. The tank 10 is provided

with a pipe 11 having a funnel 12 closed

by a plug 13 by means of which the tank g

may be charged with a suitable caustic pot-
ash solution.
with an overflow pipe 14 having a discharge
outiet pipe 15 for fixing the surface level
of the potash in the tank 10. It will be
noted that the inner end of the pipe 14 opens
within a dome 16 connected with the cover
17 of the tank 10 so that the potash level is
fixed at a height such that the tank is com-
pletely filled with the solution. @~

A casing 18 is mounted on the cover plate
17 and forms a liquid-tight joint therewith.

The tank is also provided

The casing 18 is partially filled with a light

lubricating oil and a drain pipe 19 is pro-
vided for draining the oil from the casing
when necessary. An electric motor 20 is
mounted on the cover plate 17 outside of
the casing 18 and is provided with a shaft

21 which extends through a stuffing box 22

into the casing. Universal couplings 23 are
provided to compensate for any inaccuracy
in the alinement of the portion of the shaft
passing through the stuffing box 22. A
pinion 24 is secured to the shaft 21 within
the casing 18 and drives a gear 25 secured
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to a shaft 26. The shaft 26 operates a pump -

27 adapted for pumping flue gases. The

gases enter the pump 27 through a pipe 28

which passes through the wall of the hous-

ing 18 at 29 and is connected in any suit-

80

able way with the source of gas to be ana-

lyzed. It has been found that a gear pump
may be used for pumping the gases, provided
a limited supply of oil 1s permitted to enter

the pump with the gases. For this purpose
a small pertoration is made in the pipe 28

and the portion of the pipe thus perforated

is surrounded by a screen 30 to prevent the

entrance of any dirt or foreign matter in the

lubricating oil. The gas is discharged from
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the pump 97 thr ough a pipe 31 into a larger
pipe 32 having its Tower end opening helow
the surface level of the oil 1 the casing 18,
The surface level of the oil is indicated by
the line 34. The discharge pipe 31 opens
into the pipe 32 above the oil level so that
the gas may pass upwar dly and any oil may
veturn to the tank. The pipe 32 1s connected
by a plpe 35 with a manifold 36 and con-
nects with a passage 37 therein. The pas-
sage 37 in the manifold 36 is oven to atmos-
phere at 38 through the rear wall and pro-
vides means for dischar ce of gas from the
pipe 35 into the suummchnn ‘Ltmosphere
It 1s the purpose of the pump 27 to provide
a continuous stream oi gas from the source
to be tested through the passage 37 111 the
manifold 86. Measured qu*mmtws of this
oas are drawn off as required through a
passage 39 leading downwardly from the
passage 37.

Sunported below the manifeld 36 is a
hollow piston 40 having a measuring cham-
ber 41 1n the lower 1:)01t101:1 thereof. A pipe
42 connects the passage 39 to the lewer por-
tion of the measuring chamber 41. The
measuring chamber i1 is provided with a
downwardly projecting neck 43 which ex-
tends below the open end of the pipe 42. A
second pipe 44 communicates with the fop
of the measuring chamber 41 and 1s con-
nected through the manifold 36 with a pipe
45 which extends downwardly through the
top plate 17 where it forms a tight joint
therewith and opens beneath a bafile 46
within the caustic potash chamber 10. A
cylinder 47 surrounds the piston 40 and 1s
spaced a shight distance from the outer
surface of the piston 40 by spacing
lugs 48 which leave room for the flow
of 1 liquid between the outer wall of the piston
40 and the inner wall of the cylinder 47.

The cylinder 47 is supplied with a sealing

liquad whmh completely covers the plston

40 when the cylinder is in 1ts uppermost

position shown in Fig. 3. A non-evaporat-
ing oil of specific ﬁm‘nt" of about 1.25 1s
preferably used for this Seﬂmcr liquid. The
cylinder 47 1s periodically r raised and low-
ered by means of a crank 49 carried on a
shaft 50 and operated by worm reduction
ogears 51 and 52 driven from the shaft 26.
The crank 49 may be provided with a coun-
terbalance 53, as shown 1n Figs. 4 and 5.
The cylinder A7 is connected to the crank 49
by a connecting rod 54 pivoted to the upper
end of the Cylmder 47 by the pivot pin 55.

When the cylinder 47 1s In 1ts uppermost
position, as shown 1n Fig. the sealing
hquid will completely fil1 the measuring
chamber 41. When the cvlinder is lowered
the hqmd will all drain from the chamber
41 into the lower end of the measuring cyl-
inder. As the liquid drains out gas will
enter through the pipe 42 and fill the cham—
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ber 41. In this way the measuring cham-
ber is charged with gas fresh from the
source of supnly each time the cylinder 47
15 lowered. As the cylinder again rises a
measured quantity of gas will be sealed off
in the chamber 41 when the liquid level
reaches the lower end of the tube 42 and
seals this tube. Iurther rise of the cylin-
der will force the gas in the chamber 41 out
through the pipes 44 and 45 and discharge
the gas into the caustic potash chamber be-
low the baffle 46. It will be noted that at
the tiume the gas 1s sealed off in the cham-
ber 41 it is subject to atmospheric pressure
for the reason that the pipe 42 is open to
atmosphere at 38. The vertical reciproca-
tion of the cylinder 47 therefore periodically
discharges a measured quantity of gas into
the caustic potash chamber below the bafile

46. 'The baffle 46 1s preferably provided
with longitudinally extending partitions to
msure complete contact of the oas as 1t rises
along the baffle and escapes at the upper end
thereot. During this movement of the gas
i contact with the caustic potash solution
the carbon dioxide will be absorbed there-
from and the remaining gas will escape 1nto
the dome 16. From the dome 16 the oas
rises through a pipe 56 and dlsclmroe--
through a perfo ation 57 at the top of the pipe
into a bell 58 which is inverted in a sealing
liqud 59 contained in a standpipe 60 open
at its upper end. A rod 61 extends upward-
ly from the bell 58 and is provided with s
tappet 62 for engaging a contact screw
63 carried on an arm 64 secured to a disec
65 mounted on a shaft 66 which 1s journaled
in a bracket 67. A rod 68 projects for-
wardly from the disc 65 and carries an in-
dicator arm 69 at i1ts forward end. A trac-
ing pen 70 is secured to the lower end of
the indicator arm 69 and engages a chart 71
which is rotated by means of clockwork con-

tained in a case 72.

A brake lever 73 is pivoted at 74 on the
bracket 67 and carries a brake shoe 75 which
engages the disc 65. A push rod 76 is
mounted in ouides 77 and 7 8 and is arranged
to engage an adjustable contact 79 sectred
to the end of the brake lever 73. The lower
end of the push rod 76 bears upon a cam 80
connected to the crank arm 49. The upper
end of the push rod 76 engages the contact
member 79 a$ the time that the cylinder 47
1s in its uppermost position and thus re-
leases the brake shoe 75 from the disc 65.
Since the gas is discharged from the meas-
uring chamber 41 at the time that the cyl-
inder 47 is in its uppermost position the
brake shoe 75 will be released at the time
that the bell 58 1s raised to 1ts uppermost
position by the gas which escapes from
the measuring chamber 41. This will free
the spindle 66 and its connected parts so
that it may be rotated by the tappet 62
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when it engages the adjustable contact screw

63 at the upper extreme position of the bell
58. This

perml ts the indicator 69 to be ro-
tated under the action of the bell 58 and
wung to a posiiion to indicate the extreme
position of the bell 58 which will, of course,
be a measure of the quantity of gas con-

tity or gas 1s discharged from the measur-
Ing chamber 41 at each stroke of the c ylinder

_4( the height of the bell 58 and conse-

quently the posﬂ“mn ot the indicator 69 will

be an indication of the quantity of gas re-

maining 1n the charger after the curb(m d1-
oxide h.u.S been -bsorbx,d tharefrom. The

instrument may be calibrated to read direct-

ly in percentage of CO, contained in the
cgas. Betore the gas is discharged from
the bell 58 and the bell permitted {o return,
the downiard movement of the cylmder A7
releases the brake arm 73 and permits the
brake to re- -engage the disc 65 and retain the

mdicator 69 in its indicating position until

the operation of the instrument agaln Te-
turns the cvlinder 47 to its 11ppe?*most DOSI-
tion.
position of the nﬂerﬂe is produced by dif-
ferences in quantity of carbon dioxide in the
different charges and the needle is not per-
mitted to swing back to zero position each
time the bell 58 is lowered.

‘The discharge of gas from the bell 58 is
effected thl‘O'LlE’l a pipe 81 which enters the
dome 16 near the top thereof and extends
upwardly tc a position somewhat above the
uppermost position of the cylinder 47. A
U-tube 82 is telescoped over the open end of
the pipe 81 and the oil in the casing forms
a sealed jommt between the pipe 81 and the
en]_a.rged end 83 of the U-tube 82. The other

leg of the U-fube 82 telescopes inte an up-
W‘wdl} extending tube 85 secured to the cyl-
inder 47, as shown in Fig. 6. It will be

pphrent that the surface Tevel of the secal-

ng liquid i the evlinder 47 and the tube

85 woula be the same so that as the cvlinder
47 is lowered the liguid in the tube 85 will
be lowered until the end of the U-tube 82
15 uncovered. This takes place after the
cylimlez 4( has been lowered sufficiently to
release the brake arm 73. When the end
of the U-tube 82 i1s uncovered the gas re-
malning in the bell 58 will be forced out-
wardly therefrom by the weight of the bell
and escape through the pipe 813 J-tuee 82
and the upper end of the pipe 85 into the
atmosphere.

When the cylinder 47 is lowered a de-

crease 1n pressure will be produced m the
chamber 41 measured by the head of ! liquid
in this chamber. This, of course, will be
transmitted to the pipe 45 and will cause the
iiquid 1n the chamber 10 to rise in the pipe
45 to a suflicient height to count terbalance

the head of liquid in “the chamber 10. As

_stored This will

Since a definite quan-

Tn this way the only variation in the

3

soon as-the liquid level in the chamber 41

reaches the lower end of the. pipe 42, gas
will rush in from the passage 37 to A1l the
chamber 41 and the reduced pressure will
be relieved and atmospheric pressure re-
permit the liquid in the
pipe 45 to return to the chamber 10.

It will be seen from Figs. 1 and 3 of the
drawings that the oil in the chamber 18

Sur rounds the pump and conduits by which ¢

-L

¢ gas 18 supplied to the apparatus and
qlso surrounds both measuring chambers.
This oil not only seals the pump and gas
passages, but also acts as a temperature
1*60"111&131110' medium which insures measure-
ment of the oas before and after removal

of the carbon dioxide'therefmm at the same

111pﬂmmres since both measuring recep-

011
1 claim :— --
1. In combination, a a motor drwen pump
for drawing gas from a source to be tested,
a conduit for conducting the gas from szud

pump to atmosphere, a measuring vessel

closed at its top and opened at its bottom .

a discharge pipe opening into said vessel
at the toQ thereef, a pipe connected with
said conduit and opening into said measur-
ing vessel below the top thereof, a motor

' opemted device for causing llquld to rise

in said vessel to seal said pipe and discharge
the gas sealed in said vessel therefrom,
means for absorbing from said gas a con-
stituent thereof, and means for ascer tammcr
the proportion of said constituent.

2. In combination, a member having a
measuring chamber therein open at its
lower end a vessel 1n which said chamber
1S usposed a reciprocating member con-
nected with said vessel for raising and low-
ering said vessel, a motor, _reductlon oear-

70

.30

1es are submercred in the same body of

90

(95

160

‘105

1ng for operating  said reciprocating member |

from said motor, liquid in said vessel for
alternately ﬁlhno* and emptying said meas-
uring chamber as said vessel is raised and
10W‘11"ed means for supplying gas to said
chalnber from a source to be tested when
sald chamber is emptied of liquid, means for
receiving the gas from said chamber when
said ehamber 13 filled with liquid, said re-
celving means having an absorbent therein,
and means for measuring the remamder
of gas from each charge after it has passed
throuo*h said absorbent.

3. In cembmatlon a casing, a pump posi-
tioned 1n S‘Ll(l caslng, a conduit leading to
said pump for supplying gas to said pump,
lubricating oil in said casing covering said
pump, a conduit leading from said pump
having the discharge end thereof above the

mcaca level of said oil, and means sealed
by the o1l in said casing for receiving gas
from the discharge end of said cond: ut thu
supply conduit for said pump having a Te-

110

115
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stricted perforation therein to admit a lim-
ited quantity of oil to said pump.

4. In combination, a housing, a pump dis-
posed 1n said housing, a discharge conduit
leading from said pump, means for supply-

g gas to be tested to said pump, lubricat-

ing oil 1n said housing, said discharge con-
duit having a sealed connection with said

lubricating oil to permit return of oil from

said conduit to the body of oil in said hous-
ing, mechanism for measuring off definite
quantities of gas from said conduit, gearing
immersed in the lubricating oil for operat-
ing said measuring mechanism, and a motor
mounted outside of said housing for driv-
Ing said pump and gearing.

5. In combination, a tank for caustic pot-
ash, a housing mounted on said tank, a mo-
tor mounted on said tank outside of said
housing, a pump mounted within said hous-
ing and driven by said motor for supplying
gas to said pump from a source to be tested,

lubricating oil within said housing, a con-

30

35

- 40

duit for discharging gas from said pump
into atmosphere above the surface level of
said lubricating oil, a member having a
measuring chamber open at its bottom, a
vessel disposed 1n said  housing and sur-
rounding said member, said vessel being
closed at its bottom and having a liqud
therein separate from the lubricating oil 1n
sald housing, mechanism disposed 1n said
housing for raising and lowering said ves-
sel to alternately fill and empty said meas-
uring chamber with the hiquid from said ves-
sel, means for conducting gas from said
measuring chamber to said tank, means for
receiving gas from sald tank, and means for
indicating the volume of gas received irom
said tank. - |

6.-In combination, a member having a
measuring chamber therein, a vessel sur-

-rounding said member and having liquid

59

60

contained therein, means for raising and
lowering said vessel to alternately fill and
empty said measuring chamber with said
liquid, means for supplying gas to be tested
to sald chamber, means for receiving the
cgas discharged from said chamber and for

absorbing therefrom a constituent thereof,

a bell float tor receiving the gas after the ab-
sorption of said constituent, a liquid sealed
outlet conduit communicating with the inte-
rior of said float, a liquid seal for said float,
and means operating by the movement of
said vessel for breaking the seal of said out-
let conduit subsequent to the measurement
of a charge of gas by said bell float.

7. A gas analyzer comprising a receptacle
containing a body of liquid, a pump sub-
merged in said liquid, means for connecting
said pump with a gas supply, said pump
having a restricted passage for admitting a
limited quantity of liquid from said recep-
tacle 1nto the interior of said pump, a con-

1,897,721

duit for conducting a stream of gas from

sald pump, a trap for permitting return of
liquid from said conduit to the body of liquid
1in sald receptacle, means for withdrawing
gas from said conduit and for separating off
measured quantities of the gas withdrawn,
said separating means being submerged in
the liquid in said receptacle, means for dis-
charging the gas from said separating means
to a measuring vessel also submerged in the
Iiquid 1n said receptacle, and means for re-
moving a constituent of said gas before it
enters said measuring vessel.

8. A gas analyzing apparatus comprising
a measuring receptacle having an inlet adja-
cent the lower end thereof and an outlet ad-
jacent the top, a vessel surrounding said
measuring receptacle and having a liquid
therein, means or causing the liquid in said
vessel to fill and empty said measuring re-
ceptacle, a tank having an absorbent or a
constituent of the gas measured, a conduit
communicating with the outlet of said meas-
uring receptacle and terminafing in said
tank, a second measuring vessel for receiv-
ing the unabsorbed gas from said tank, an
outlet conduit from said second measuring
vessel and sealed at its remote end by the
liquid of said vessel whereby the second
measuring chamber is vented to the atmos-
phere when the liquid in the measuring ves-
sel 1s lowered and sealed when the liquid is
raised.

9. A gas analyzing apparatus comprising
a member having a measuring chamber
theremn, a vessel surrounding said member
and having liquid contained therein, means
for raising and lowering said vessel to al-
ternately fill and empty said measuring
chamber with said liquid, means for supply-
ing gas to be tested to said chamber, means
for receiving the gas discharged {from
sald chamber and for absorbing a con-
stituent thereof, a bell float for receiving the
unabsorbed gas, a conduit communicating
with the interior of such float and having
1its cistal end sealed by the liquid of such
vessel whereby the interior of the said bell
float 1s alternately sealed from and exposed
to the atmosphere as the measuring vesssel
1s raised and lowered.

- 10. A gas analyzing apparatus compris-
1ng a measuring chamber open at its lower
end and having inlet and outlet conduits
communicating with said chamber adjacent
the top and bottom thereof, a vessel sur-
rounding sald measuring chamber and hav-
ing an auxiliary compartment, a sealing
liquid 1n sald vessel and compartment,
means tor alternately raising and lowering
the liquid 1n said vessel, a receptacle con-
taining an absorbent liquid, a conduit com-
municating with the outlet of said measur-
ing chamber and terminating within said ab-
sorbent medium, a second measuring cham-

70

75

80

85

95

100

105

110

115

120

125

130



1,897,721

ber adapted to receive the unabsorbed gas
trom said medium, an outlet conduit for sald
second measuring chamber having 1ts distal
end disposed in said auxiliary compartment

o whereby the outlet conduit is alternately
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65

sealed and unsealed by the rise and fall of
the sealing liquid in said compartment.

In testlmony whereot L have signed my
name to this specification on this 16th day
of June, A. D. 1926.

'ARTHUR B. CUNNINGHAM.
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