A (No Mod 1) - ' '
S el A, UEHLING & A, STEINBART -
" PROOESS OF AND APPARATUS FOR ANALYZING GASES.

No 522 '746 Patented July 10 1894.

+ - - - . . = N
' - . . -
. .
-. : . ,
. . . . .
- ) ) - - -
- - - R . . .
E— Y
.
[ " lﬁ:E— = - v i -
[ - [ -
- . 4 = - -. N :
_ - . _ o
. . I.‘ L
h |
! .
- . I.
- .

HEEPII
i
1y
ity
LIBH

|
N

by e ey e sle—

il
il

S350 S A Ry R AT EAT R

SRR Y bl ] ‘-
N LY & -
y ‘,"']"'1, H‘_-__ﬁ X ™
: ' ' _

{ y
Hy

1
L

tl.l |
NN AT R AL

I
t

Ili:_!;mi;tl
FLIPEST!
ettt
i:I!l|“|i||

|}

J
!

g

Hih

Pl

e e

. . ' . k )
oo . . . ) T, i-L‘ I.
PARAR YN & AR 1 22 b PN T T 7 e Y e — e ==

B

THE NORRIS PETERS €O, PHOTO-LITHO., WASHINGTON, U. C.




UNITED STATES PATENT OFFICE.
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T all whom Lt mcr,y CONCOrTL:

‘Beit known that we, EDWARD A. UEHLING |
a citizen of the United States, and ALFRED
STEINBART, a subject of the Emperor of Ger-
many, (havmfr declared his intention of be-

coming a citizen of the United States,) both

- residing at Birmingham, in the county of
.. 'Jellerson and State of Alabama, have in-

- IO

~ vented certain new and useful Improvements
in Methods of and Apparatus for Analyzing
Gases, of whleh the followmﬂ' is a qpeelﬁea-
llon.

Onr invention has for its obJect the con-

tinuous and automatic determination of the

'percentawe of varions gases in a gas mmture,,
~ in such manner that the actual cnmposwmng
~of the gas mixture may be observed at all

- times, and read off as often as necessary.

20

S0 tar as we are.aware, and can determine,
the various components of a gas mixture ha,ve

never before been automatlca,lly and continu-
ously anal_}zed during the productmn of the |

gas.

Althoil gh our inven tion is applicable to the

-_analvms of gas mixtures derived from any

-source from which quantities of the same may
- be taken, yet the main object is to effect the

' l_quanht&twe analysis of a

- 1ng its produection with a viewto facilitating

30
o ._"'posmon
- toin analyzing
- and expensive, and are carried out as fol-
o lows:

~ suitable vessel to the laboratory where a small
portion is measured off with great care by
~means of a graduated tube, and is then trans-
~ ferred to an absorption pipe, in which one of
 the components of the gas is absorbed by a

40
~ _suitable reagent, the remaining gas is again

'the production of gases of any desired com-
The methods heretofore resorted

gases are extremely tedious

‘A sample of gas is taken from the
source of its pwductwn and is conveyed ina

~ returned mto the graduated pipe, the quan-

" titativeloss determined and known. |
- mammg gas 1s. transferred into a second ab-

45

The re-

sorption pipe and exposed to a second reagent

B -wherpbya second portion or componeutof the

~ gas is absorbed, the remaining gas being re-

K Londucted 1o the ﬂ'ra-,du&ted pipe and the

qua;ntlta,m«e loss again determined as before.
S de)

.5 ~component of the gas mixture, and from the
- q_uantlta,twe losses after each absorptwn the.

This operation has to be repeated for each

a gas mixture dur-.

- EDWARD A. UEHLING AND ALFRED STEINBART, OF BIRMINGIIAM, ALABAMA.

components of the mixture must be detm-"

‘mined. This method although the best of all
thosenow known isextremely tt.,dmus and can
only be carried out by one skilled in the art.

"The process 1s very expensive, and requires

| such a length of time that for practical pur-

|
|

or value.

poses the m_ethod is practically useless in that
60

the analysis can only determine the percent-

‘age of components of a gas mixture at the
For these -
TEasons gases are seldom analyzed as often as
‘would be necessary for controlling the man -
facture of a definite gas mlxture and even

tnne of the taking of the sample.

not then where a knowledwe of the compo-

~sition of a gas mixture is of great importance
QHeh a control would for instance
‘be veryimportant to the manufacture of illu-

| minating gas, and generator gases used in the

smelting of steel and in other metallur gical
processes.

An apparatus constr ucted accor dinfr toour
invention can be applied directly to a gas con-
duit from which it contmuously takes a small
quantity of the gas mixture and contmually
analyzes the same, so that the composition of

the mixture ean at all times be read off from
a suitable scale.

In this manner, without
manipulation and expense other than that of

the reagents, any abnormal composition of
the gas mixture is at once visible, so that a
_chanﬁe in said composition is: leudered pos-
'mble, whichisinvaluable to the manufaeturer
as well as to the consumer. -

- Qurinvention may,forinstance ba used for
the purpose of watching the composition of
the gases from blast furnaces.
of this composition is of great utility for the

determinationofanyirr en'ularltv In the smelt-
ing process which if not Iemedled will often

ﬁjlea,d to serious difficulties.
~ Farthermore, our invention may be used
for controlling heating plants of any kind in.
| view of the fact that an analysisof the smoke
will show at all times the percentage of car-
‘bon di-oxide or monoxide, thereby 111dlca,t11w'

the more or less perfect combustion of the

has been attained.

- In order that the opmatmus a,bove stated -
‘may be carried out, and the results obtained,
our mventlon conmsts in a novel method of

55

Our invention is deswued to ob- .
viate all these difficulties. | |
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operation, and novel parts and combination

of parts hereinafter deseribed and shown in
the form of an apparatus in the accompany-

ing drawings, and specifically set out in the_

claims coneludlnb o this specification.

Referring to the drawings: Kigure 1 repre- 5
sents in sectmnal elevatlon an apparatus in

itscomplete organization for carrying out our
invention. Fig. 2is a detail view illustrating

the principle of our invention; : and FKig. 3 is

a view of a graphical development of an in-

dex usged to read off the percentage of the gas:

to be determined.

The principle of ourinvention for the analy-

sis of gas mixtures may be stated as follows:
If a 't‘ube be divided into three compartments

by partitions containing very small apertures,

~and oneof the exterior compartments be filled

20
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taken away, a

with gas of a higher tension than the other
and if the tensions in both of these compart-
ments remain constant the following will take
place: The gas of the higher tension will
flow toward the compartment of the lower
tension passing on its way through the cen-

tral compartment in which it will assume a
constant tension which we will call the “nor-:
If now, a part of the gas
in the central compartment is continuously.
a change of tension will take
place in this compmtment which change of
tension will depend on the quantity La,ken-

mal tension. »

away. Again, if the specific gravity of the

gas be changed in the central compartment,
the tension will be also affected and the de-
gree of this change of tension is dependent
onthedegree of cha,n ge of the specificgravity -
Thege facts
we have utilized in our invention in that we'
employ the central compartment as an ab-
sorption chamber into which the gas of the
first compartment with constant tenﬂlon con-
tinuously flows and from which it escapes.
- continuously into the third compartment of .
Theinlet and outlet

of the gas in the com partment

lower constant tension.
consist of small apertures; and the absorp-

tion chamberis connected with an instrument.

for measuring tension. The specific gravity

of the gas is measured either before entering
or after leaving the absorption chamber by a .
If a component of
the gas be taken away continuously by ab-
sorptwn by means of a suitable reagent, which |
is introduced into the absorptlon chamber -ﬁ
without affecting the tension, then a change
of tension will take place in 'the absorptlon '-
- chamber and the quantity of gas correspond--

suitable gravity meter.

ing to the change of tension can be read off on
the manometer by suitableindices.

ogravity of the total gas mixture and the spe-

~cific gravity of the component absorbed.

as follows:
Referring to the illustration shown in I‘m
2, if two compartments, one of which 1s filled
Wlth a gas of higher tension and the other
with a gas of lower tension be united by a-

tension),

stant.

Theform
of these indices depends upon-the specifie-

bR2,7746 -

very small aperture the gas will flow from the
compartment of higher ‘tension through the
opening into that of the lower tension. The
velocity of the flow through the opening de-
pends according to the 1aws of areomechan-
ics: First, upon _the difference of tension in
the two- compartments Second, upon the spe-
cific gravity of the gas of hwher tension. A

gas of higher specific. ﬂ'ravlty flows slower
throun'h the opening than a gas of lower spe-

cific ﬂ'ra,wty under si mlla,r COHdItIOI]S, be-
cause a greater mass has to be set in motion

being 1mpelled by equal forces. Now sup-

pose the gas to be analyzed to be forced

through a tube by connecting the one end of

the same with the vessel containing the gas

mixtureand the other end with a vessel filled
with gasof a lower tension. ILet this tube be
divided into three compartments by two par-
titions which are provided with very small
openings; let the central compartment which
we will call “absorption ehamber” be con-
nected with a manometer as shown in Kig. 2.

This combination consisting of the two com-

70
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partments A and C,theabsorptionchamberB,

the partitions with the small apertures a and
b and the manometer 2 connected with B, we
will in the following eall “ absorption meter.”
In the first of the compartments A in Kig. 2
the gas mixture has the tension b, (the higher
in the third compartment C the gas
has the tension b, (thelowertension).
these conditions the gas will flow throughthe
aperture in the par tition a into the absorption
chamber B and from there through the aper-

‘ture in the partition b into the compartment

C. 1If the tension b, and b,are constant,that
is, if the tension b, remains the same no mat-
ter how much gas ﬂows toward Cand the ten-

Under

[OO

[OR

sion b, remains the same irrespective of the

quantity of the gas which flows into it from
the compartment A, then the tension in the

absorption chamber B will also become con-
stant; this tension (the normal tension) is
,measured by the manometer 72 connected with

chamber B. As soon as this equilibrinm is
established, equal weights of gas will pass

through both apertures in the same space of-

time, because the same gas hasto passthrough
both openings. The velocity of flow through
the respective aperiures will also become con-
- The velocity through the aperture a
depends upon the difference of tension be-
tween b, and b,, (the tension in B)and the ve-
locity through the partition 6 depends upon
the difference of tension between b, and b..

The specific gravity of the gas mmture 18- the
sameat both apertures, because the gas re-

-mains unchanged and -exerts no mﬂuenee

The cond?i-tions-h-owe-ver'-become quitechanged

{ if in the absorption chamber B a component
These statements are explained and proven

of the gas mixture 18 continually taken away

| which may take place by absorption, combus-
| tion or condensation, orin any other manner.

As soon as this occurs that tension in B is re-
duced, in consequence of which the gas will
| flow more slowly through the aperture in b

[1O
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_ 'and more rapidly throun'h the aperture in a
' .reslz:ectwely out of and mto the absorption

chamber.

than the normal tunsmn

ing gas is cmlsed by the takmrr &Way of the'

- component of the gas;then the tensions in

the chamber B will correspond to the percent-
~ages of the gas removed, which tensions we
‘therefore e:.m)loyr to measure the quantity of ]
gas absorbed by means of 'a manometer and |

~ an index, the “normal mdex of the absorp-
‘tion meter.” =

~ The gas mixtures te be analyzed howevm -
”may consist of gases of various specific gravi-

ties, for exa,mple Carbon di-oxid in relatmn
to air has the specific gravity of about one

- and one half, carbon monoxide about one,
| -.hydrowen about 0.07. Thatis earbon di-oxid

is about one and one-half times as heavy as
air, hydrogen however is fourteen times

lighter.
a gas mixture containing eighty percentum

1f carbon di-oxid 1s absorbed from

~ of carbon di-oxid, ten percentum of air and

~ ten percentum of ,_hydroge_n the specific grav-
ity of the toftal mixture is much greater, than
~that of the remaining . gas mmture Whleh 18

~ The specific gravity of the former is 1.3 and
~of the latter only 0.53 in relation to air; the

composed of equal partsof hydrogen and air.

remaining mixture willthereforepassthrough

the second opening in b easier and quicker

- same as that of the total mixture.

than it would, if its specific gravity was the

sequence of this is, that the tension in ab-

sorption chamber B will fall more than it |
~ would if the specific gravity of the remaining
- mixture were the same’ as that of the total'
- mixture, the eighty pereentum of the carbon

“di-oxid being taken away.

“The ch&unﬂe of the specific ﬂ'rawty in the

“absorption chambel takes place because the
~specific gravity of the total mixture is not

always the same as that of the gas absorbed.

- The change of the specific gravity of the total
~mixture causes a different relation between

the specific _flaVIty of the remaining mix-
~ ture with the same percentages of the gas.

the specific grav 1ty of the total mixture and

| -.absmbed I’or thlS reason a. chanﬂ‘e in t’he

. cause a dew 1&1;1011 of the teusmn in the ab-
gorption chamber from that indicated by the

- normal index for the same percentage of the

- gas absorbed, so that for every change 1n the
_SPeelﬁc grawty of the total mixture the nor--
- mal index must be correspondingly rectified.
- The normal index can according to this also;

~ be rectified by the specific n*ra,wty of the re-
“maining gas mixture which flows from the
| absorptmn meter. | |

In order to determme the exact percentawe

o Of the compcnent of the gas mmture absm bed

For this reason the tension will
continue to decrease only until as much gas
enters at the aperture in a, as escapes at ‘che
aperture in b, plus the quantity taken away,
and then again becomes constant, but lower

tion meters.

away.

The con-

| we cantherefore elthel determine the spemﬁc

gravity of the total gas mixture or that of the

remaining mixture by a suitable instrument
for measuring specific gravities.
fied index corr espOLdmfr to the specific grav-
ity so determined is then applied to the na-

nometer and the percentum of the gas a,b-

”sorbed read off.

If in practice we wish to determme several

components of the gas mixture it is necessary

to employ a cor reSpondmn* number of absorp-

The reeti-

70

75

These may according tocireum-
stances be arranged e1tnel side by S1de, or 111
‘succeession.

o

Inthe ar ranﬂ*ement 31de by blde, a flaetlon o

_of the gas purlﬁed by filtrationorother means,
‘passes dueetly through one of the absorption

meters, another fr action through a second ab-

sorption meter, a third fraction through a
third absorptmn meter and so on.

~ In the arrangement where the absmptlon'
‘meters are placed in succession, the remain-
ing mixtureof thefirst absorptlon meter passes
mto the second and the remaining mixture
of the second passes into the third absorp-
tion meter, and so on.
may also plecede an absorption meter in which

“An absor ptmn tube

a component of the gas, whose value is not

necessary to be determined can be taken
The arrangement side byside is that
most generally emp]oyed Finally the ab-
_sorptlonmetels may be arranged side by side
and in succession in the same apparatus.

In a large number of cases in practice the

suf

Where “the determmatwn of the Speclﬁc

gravity becomes necessary one apparatus for
determining the same will suffice for all ab-

sorption meters, if the specific ﬂ'lawty of the

total mixture is measured by it.
Referring to the apparatus 111ustmted in

Fig. 1 of the drawings, the following is a de-

fscnptmn of a structure for carrying out one
form of our invention.

~ S.indicates an instrument fm detelmmuw
the specific gravity of the gas. |

D indicates a filter.
C, ¢/ indicate two absorptmu chambers.
F indicates a regulator in cennectlon with

‘an aspirator G.

S, and S, indicate sea,ls

~ The apparatus is adapted to the analysis of
a gas mixture for carbon di-oxide and carbon.
--monamde, where the speclfic n'rawty of the
remaining mixture may vary between wide
limits, forinstance the wastegasesof blast fur-
‘naces and the producer gases.

before entering the apparatus, is cleaned from
dust and condensible constituents, is continn-

ouslyfurnished from thegas main undel slight,
pressure.

It entels the appamtus thmuﬂ'h

the stop- OQCk a” just behind which is mserted
|aT plece through which a portion of the gas

8¢

Q0

95

100

:perceutaﬂ*es of a gas can be determined with -
icientaccuracy without measuring thespe-
cifie gravity, because the chann'e of the Spe-
cifie gravity of the remaining gas mixtureis
‘so small that it can be neglected.

105
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- mersed into the water in the regulator to a
depth of two feet and being open at both ends
and communicating with the atmosphere at
its upper-end. As soon as the aspirator de-:

~ the water in the tube f, /. This continues
until the air bubbles up through the liquid

._30

flows by the pipe 2 ti) the specific gravity me-

ter S and thence to the atmosphere by the

pipe 3. If the stop-cock a’ is only slightly
opened the gas after passing it will be under
atmospheric pressure becauseit isin connec-
tion with the atmosphere at 3. This press-
ure correspondsto the higher tension,. The

lower tension b, is created by the dSplI‘&tOI‘

G and kept constant by the connected regu-
lator ¥. The regulator consists of an air-
tight vessel partially filled with water into
which the gas mixture from the absorption
meters &lowly flows. The aspirator G actu-
ated by water, air, or steam, in this case by
water, through a pipe 4 with valve 9 continu-
ally draws by a pipe & connecting the upper
end of the reguiator, a larger volume of gas
from the regulator than can be supplied by
the absorption meters.

trally within said regulator. This tubeisim-

creases the tension in theregulator, the atmos-
pheric pressure will correspondingly depress

column in the regulator,in which manner the

tension is maintained constant. Themanom-

eter h, connects with the top of the regula-
tor and indicates the tension therein. Since

~ the tension in the regulator depends upon the

35
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water column in the tube £, 7, thelatter is pro-
vided with a rack and pinion 20 at its upper

end by means of which it ¢an De raised or

lowered in order to regulate the tension. The

bottom of the regulator is provided with a

pipe 6 for supplymfr and drawing off the wa-
ter by means of the stop cocks 7, and 8. The
tension in the regulator is not a,bsolutely con-
stant, but is, by a certain amount, lower than
that of the atmosphere which, for the appa-
ratus however is equivalent to a constant ten-
sion, since the gas enters the apparatus un-
der atmospherlc pressure. The ﬂow of gasis
divided behind the stop cock a’; the ﬂ'leater
part passes through the spemﬁc gravity me-
ter S, the remainder into the absorption me-
ters C, C’. The specific gravity meter S may
consist of any suitable instrument for the
purpose. We illustrate the form known as
the Dtirre Siebert dasymeter which consists
of a glass case, which is constantly kept filled
with the oas mixture to be analyzed which
constantly flows through it. In the case is
located a scale 10 upon which a hollow sphere
11 filled with air is balanced. Accordingly as
the passing gas is of higher or lower specific
gravity, the ball will Wemh more or less and
the specific gravity will ther eby be continu-

- ously indicated by a pointer 12 on a proper
index, and .can be read off as often as desired.

. The smaller portion of the gas passes through

the filter D which is ecomposed of two com-

T'he deficiency issup-
plied through the tube f, f depending cen-

'throun'h the

partments separated by gauze disks 13 made
of platinum. This construction makes it pos-
sible, to clean the lower compartment with-
out disturbing the upper compartment, which
rarely requires attention. In this filter the
last traces of fine dust are removed, which is
necessary in order to prevent clogging of the
minute apertures. After leaving the filter
the gas is divided into two parts, one flowing
pipe b, b, to the absorption meter
C in order to be analyzed for carbon di-oxide;
the other through the pipe b/, b’, to the absorp-
tion meter C’, to be analyzed forcarbon mon-
oxide; and after passing through the small
openings ¢' and c¢!; respectively, enters the
absorption chambers. Theseabsorption cham-
bers are formed of tubes ¢, and ¢';, which are
filled with small fragmentsof material which
18 not attacked by thereagent, as glass or feld-
spar, through which the reagents, a solution of
caustie potashin the tubec;and ahydrochloric
solution of cuprouschloride in the tube ¢l,, per-

large surface moistened by thereagents. The
reagents are supplied from reservoirs 14 as
shown, and their flow through pipes 15 isregu-
lated by stop cocks 7, fri They flow out

through .the waste pipes 81 and sl respect-

ively into the vessels s, and s, and from there

through the eommumeatmﬂ' tubes s, and st,
into the reservoirs 16 as shown

The gas
mixture flows up through the particlesin the

absorption chambers moistened by the re-
agents and the components to be determined
are a,bsorbed, in the chamber ¢, carbon di-

oxid,and in the chamber ¢!, carbon monoxid.
The. remaining

gasses pass respectively
through the small openings ¢, and ¢'; by the
pipe 17 into the top of the ren'ula,tor F and
from there they are sucked OE through the
tube 5 by the aspirator (. |

The manometers 4, and 4%, which are re-

spectively connected by the tubes 18 with the
absorption chambers, between the absorp-
tion tubes ¢! and ¢, a,nd the apertures ¢, and
cl, serve to measure the tensions, between the
.a,pertures, which depends upon the percent-

ages of the gases absorbed. - A cylinder 7,
and !5 is used with each of these manometers
and 18 provided with an index, which graphi-

cally represents the pereentages of the com-

ponent of the gas absorbed, indicated by the
tension, for every specific gravity of the total
gas mixture. Tho cylinders which are ro-
tatable about an axis supported by the brack-
ets 19, are placed directly behind the manom-
eters @?2 (2

Inthe n'ra,phmal index the specific g n*rav1t1es
are represented as abscissas and the | tensions

‘depending thereon arerepresented by the or-

dinates. In this manner curvesrepresenting

the percentages are obtained. Tig. 3 showq

in development the principle of such an in-
dex. Whenever the exact composition of the

gas is to be observed the abscissas corre-
sponding to the specific gravity of the gas

75
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mlxture, Wthh 18 mdlcated by the speclﬁc

gravity meter S, are placed opposite the re-
8pective manometer tubesi, and 7%, by simply

turning the eylinders about theu axes the

_--_reqmred extent, and the percentages directly

- read off. The compomtlon of the gas may
~ however vary very largely without a change
- .In the specific gravity in the gas mixture. It

| :  [0

15

- is therefore only necessary to move the in-
» dex when the specific gravity meter mdmates
~ a change of specific wravuy | |

~We 01&1111*-——- -

1. The herein deseribed method of analvz-:'

mg gases and determining the different or re-

quired constituents thereof which consistsin |
determining the percentages of the different

- filtering the gas, then passing it through an
absorptlon chamber having a minute 1nlet
~ and outlet aperture and &bstractlnw from the

- 20

gas, during its passage through the said ab-
sorption ehamber a constlnuent Whereby a

- change of tension from the normal is caused
| 'therem, and using this change of tension as

- a means to determme the percentaﬂ*e of smd-

o const1tuent

: 25

. The herem described me*hod of analyz— |

S lnﬂ‘ gases and determining the different or re-
R -quned constituents thereaf which consists in

continuously passing the gas to be analyzed

~* througha filter and a corresponding number

30

of abborptlon chambers,each having aminute

- Inlet and outlet aperture, and abstracting

" from the gas during its passage through each
" of thesaid absorptmn chambersa co nst1tuent

* whereby changes from the normal tensions
35

. as measures to determine the percentages of

the different constituents required.

are caused in eaeh and using these changes

- 3. The herein described method of a'na,lyz-

- mg gases, which consists in passing the gas

40

to be analyzed under anormal tension through
an absorption chamber having minute inlot

- and outlet apertures, second, abstractmw a
~constituent from the gas duunfr 1t passage

45

| .through sald absorptwn chamber wher eby a
change in tension - from the normal is caused
‘ therem and using this change in tension as

~ a measure to determine the percentage of the

sald constituent, third, drawing off the gas

~ from said absmptmn chamber at a tension

-~ admitting air to the gas as it is drawn to in- |

less than normal, and fourth, automatically

o . creasp its volume when there is a deficiency
~of gas drawn from the absorption chamber

- and thereby preserve a umform tenswn of

the gas as it is drawn off. -
4, “In an apparatus for analyzing gas, the

o ~ combination of a chamber for containing an
~absorbent having a minute inlet and outlet

) 6:0_

~aperture, 2 chamber for containing a fluid

connected to the outlet aperture of said ab-

' sorption chamber, a manometer connecting
~ both chambers, and an aspirator connecting
- theairspace of the fluid containing chamber,
~ with a device adjustably operated within the

-detelmmmﬂ' the diff
stituents theleof the combination of an ab-

-_diawn from the absorption chamber at a uni-

form tensmn in the way and for the pmpose .

stated

5. Inan appamtus for analyzing oas, the 70

eombma,mon of a,bsmptmn chambels eaeh

manometel for each absor ptlon chambel and
‘a chamber for containing a fluid emmectlnﬂ‘

sald absorption chambers and manometers,

with an aspirator connecting the air space of
| said fluid containing chambel a tube open-

75

ing into said fluid --a,nd open to the outer air,

and means for regulating the depth of said
tube within the fluid for the purpose stated.
6. In an apparatus for analyzing gases and

or required constituents by continuous pro-
cess, the combination with an absorption

chamber with minute inlet and outlet aper-

tures, a manometer and a specific gravity
metel in communication, the manometer in-

30

dicating the change in the tension from the |

normal caused by abstracting a constituent
from the gas,of a graphical scale_ graduated to

90

correspo.nd with the differences and changes -

to the manometer fo ena,ble the percentage of
the required constituent to be read off.
7. In an apparatus for analyzing gases and

'determmmw the percentages of the different

or 1equ1red constituents themof the combi-
nation of an absorption chambel, a manom-

i in tension and specific gravities to be applied

95

eter connected therewith a specific gravity -

meter in communieation, and a graphical

scale ap _
able therewith to enable the percentages of

| the required constituent to be read off with

reference to the specific n*mwty of the gas

‘mixture,

8. In an appmatus for analyzing gases and
erent or required con-

sorption chamber a manometer in connection
therewith, a speclﬁe gravity meter in com-

‘munieation, and a cylinder mounted behind
the manometer and movable about an axis

plied to the manometer-and mov-"

I0O -
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I1O

and provided with a graphical scale whereby

the percentage of therequired constituentcan
be read off with reference to the spectﬁc oTayv-
1ty of the gas mixture. |

I 1-5

9. Inan apparatus for analyzing gasesand
determining the different or required con- -

stituents thereof, the combination of an ab-
sorption chamber, & manometer

comprising a ﬂu_ld containing receptacle and
a vertically adjustable tube open throughout
its length and external to said receptacle at

1its upper end, and an aspirator conneeted

with the rewul&tor

10. The a,ppa,mtus herein described aud |
for the purpose stated, consisting of a corre-
sponding series of absw ption ch'a,mbela each
“chamber containing the flnid to supply air | having a minute inlet and outlet aperture, a
-]therem to cause the gas to be continuously

manemetm for each absorption meter, a plpe

connecfted
therewith,and a refrula,tor connected with the
outlet aperture,of the absorptionchamber and

120
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-for supplying the gas to the absorption cham- ‘tate the reading off the per centeﬂ'es of the e
- bers under a constant tension, a filter for fil- reqmred constltuents -
~tering the gas, a specific wrewty meter in com-§{ - .. EDWARD A UEIILING

munication with said pipe, a regulator con- AR ALFRED STEINBART
5 nected with the outlet epertures of the ab- I_n presence of—

sorption meters, and graphical scales mov-| R. K, EDWARDS, T
able in prommltyof the manometers to facili- | CHAS M. HICKMAN |
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