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This invention relates to a method of and ap-
paratus for analyzing gases containing com-
bustible constituents to quantitatively determine
the calorific value of the gases. The apparatus
of the present invention finds its special utility
as an apparatus for analyzing the exhaust gases
of automotive engines to determine the percent-
age of combustible constituents in the gas and
thus indicate the combustion efficiency of the
engine in which the gases have been bhurned.

The invention finds more special application
in that type of gas analyzers in which the gas
to be analyzed is mixed with air and passed into
contact with a catalyst wire positioned as one
arm of a Wheatstone bridge wherein the catalyst
wire acts to assist in burning the combustible of
the gas and at the same time the catalyst wire
is used to measure the temperature rise due to
combustion of combustibles in the gas that come
into contact with the catalyst wire. The rise in
temperature of the catalyst wire due to com-
bustion acts to change the resistance of the wire
to current flow. The catalyst wire is mounted in
a galvanometer circuit so that the change of re-
sistance to the flow of current through the wire
due to its temperature rise provides a voltage in
the galvanometer circuit to measure the temper-
ature rise.

A large number of experiments have shown
that in the use of a gas analyzer of the type out-
lined above it is important that the temperature
of the catalyst wire in the active cell of the
Wheatstone bridge be comparatively high in or-
der to obtain accurate results. If the tempera-
ture is low the results do not seem to be con-
sistent and the calibration of the instrument is
soon destroyed.  Working with gases having a
comparatively wide range of combustible constit-
uents, that is from .5% to 20%, temperatures of
the catalyst wire should be from 1350° . to
950° F. The various constituents usually found
in gas have different burning characteristics. Ex~
periments have shown that in order to obtain
effective combustion of a gas in contact with a
catalyst wire regardless of its composition or
different kinds of constituents requires a high
temperature -operation in the range of 950°-
1350° F. It has also been found that when low
temperatures are used for combustion of the
gases, secondary reactions in the oxidation of
the gases take place to form intermediate prod-
uets and these products tend to form carben, and
other constituents that interfere with the accu-
rate measurement of the temperature rise.

A satisfactory catalyst wire for the present in-

(CL 23—232)

vention must be catalytically active at high tem-
peratures in order to promote combustion of the
gases having a small amount of combustible
therein. The catalyst wire should also have a
high specific electrical resistance in order that
it may be rapidly heated with a comparatively
low electrical current. The catalyst wire should
further have a high temperature coefficient of
resistance, that is the resistance of the wire should
change rapidly as the temperature changes in
order that the change of resistance of the wire
may be used for measuring the temperature rise
of the wire due to the combustion of gas in con-
tact therewith. These requirements have re-
stricted the choice of catalysts to platinum or
platinum alloys containing a small percentage
of an alloying metal such as iridium. Although
the platinum-iridium wire has a satisfactory tem-
perature coefficient of resistance when operating
at the high temperatures mentioned, this alloy
has a comparatively low specific electrical re-
sistance so that fairly large current flows must
be used to maintain the high temperatures de-
sired in the range of 950°-1350° ¥, Also since
the current required for heating increases with
the wire diameter a catalyst wire of the finest
gauge that will provide the required mechanical
strength is used. Experiments have shown that
the finest gauge platinum-iridium alloy wire
usable in a commercial analyzer requires a cur-
rent of about one ampere in order to maintain
a temperature of 950°-1350° P.

With a D. C. Wheatstone bridge type analyzer,
stuch as referred to above, it is practicable to
develop an unbalanced voltage of 50 millivolts
when burning a gas containing 20 percent of car-
bon monoxid and hydrogen in the active cell.
Furthermore for direct current measurements
sensitive galvanometers may be used which will
give a full scale deflection with an unbalanced
voltage of 10 millivolts. Such instruments have
2 high degree of accuracy and are capable of
being operated with comparatively small tem-
perature changes in the catalyst wire.

It is important in the operation of the Wheat-
stone bridge type of combustion analyzer to main-
tain a substantially constant current flow for
heating the catalyst wire. A storage batiery has
been found satisfactory for this purpose but a
satisfactory storage battery is not convenient for
a portable analyzing machine. It is very de-
sirable to use the usual 110 volt A. C. current for
operating the analyzer. The use of an A. C.
current necessitates the provision of supplying
a direct current of a constant value for heating

10

15

25

30

35

40

50

1]



10

15

20

25

30

35

40

45

50

55

60

70

75

2

the catalyst wire. The means employed comprise
conversion equipment, such as-amotor:generator
set or a transformer rectifier assembly and with
these forms of current supply ballast lamps, such
as iron filament in hydrogen lamps, were required
to maintin a constant current fow with the fre-
quent fluctuations in voltage of the supply cur-
rent. The apparatus required for rectifying and
maintaining a uniform direct current from alter-
nating current for operating the Wheatstone
bridge requires constant checking and calibra-
tion of the instrument. Therefore attempts have
been made to use alternating current for oper-
ating the Wheatstone bridge. An alternating
current is quite satisfactory for heating the cata-
lyst wire for combustion but an alternating cur-
rent meter introduces complications as a means
of measuring the temperature rise due to heating
the catalyst wire by combustion. All alternating
current meters have relatively high energy con-
sumption so that the alternating current analyzer
was not practicable until a rectifier type of alter-
nating current meter had been perfected. The
lowest voltage which could be used to give full
scale deflection with an alternating current meter
of the rectifier type was 500 millivolts so that it
was necessary to increase the length of the active
catalyst wire in the Wheatstone bridge circuit
at least ten times that required for direct current
measurement. The rectifier type of alternating
current meter does not produce an accuracy bet-
ter than five percent on full scale deflection. For
precision instruments this accuracy is not always
satisfactory.

The primary object of the present invention is
to use separate electric currents for operating a
Wheatstone bridge analyzer whereby one current
will act for heating the catalyst analyzer and
another current will be used for measuring the
temperature rise of the catalyst due to combus-
tion of gas in contact therewith.

Another object of the invention is to utilize the
ordinary 110 volt alternating current ecircuit
which is commonly available for operating a
Wheatstone bridge analyzer.

A further object of the invention is to use al-
ternating current for heating the catalyst an-
alyzing wire and a direct current for operating
the instrument for measuring the temperature
rise due to the combustion of the gas in contact
with the analyzer wire.

With this object in view one feature of the

invention contemplates the use of an alternating -

current usually a 110 volt commercial current
through means of a transformer to impress upon
the Wheatstone bridge an alternating current of
an amperage of .8 to 1.1 amperes for heating the
catalyst wire in the active cell. The 110 volt al-
ternating current is also utilized through a trans-
former for operating a small vacuum rectifying
tube to produce a current having a value of .1 to
.2 ampere which may be superimposed upon the
alternating heating circuit of the Wheatstone
bridge for operating the galvanometer in measur-
ing the temperature rise of the catalyst by com-
bustion of gas in contact therewith.

With these and other objects and features in
view the invention consists in the method of and
apparatus for analyzing gases hereinafter de-
scribed and more particularly defined in the
claims. -

In the drawing Figure 1 is a diagrammatic
view illustrating the electric circuit to be used
in a Wheatsfone bridge analyzer in accordance
with the present invention;
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. Pigure 2 is a diagrammatic view illustrating

“{ anmodified form of the electric wiring circuit for

operating a Wheatstone bridge analyzer; and

Fig. 3 is a diagrammatic view, partly in sec-
tion, illusirating a gas analyzing cell and the
flow circuit for measuring mixing, and supplying
the gas to be analyzed to the analyzer.

Referring to Figure 3, the gas to be analyzed
enters the apparatus through a conduit {0 and
flows through a filter 12 to a pump {4. The gas
flows from the pump {4 through a line {6 to a
pressure equalizing chamber {8 where a uni-
form pressure on the gas is maintained, the ex-
cess gas introduced into the chamber passing
out through an outlet 28. The sample to be
analyzed flows through a line 22 in which is lo-
cated an orifice measuring block 24. The gas
passing through the orifice in the block enters
a mixing chamber 26 where it is mixed with air
entering through a filter 28 and orifice block 38.

Since the pressure analyzing chamber 8 is
open to the atmosphere and the air filtering
chamber 28 is open to the atmosphere the air and
gas enter the mixing chamber 26 at the same
pressure. From the mixing chamber 26 the gas
flows through a line 32 to a pump 34. The pump
34 forces the gas air mixture through a line 36
and through an orifice measuring block 38.
In the orifice block a predetermined volume of
gas is measured and admitted through a line 40
to the active catalyst cell 42 of an analyzer 44.
A pressure regulating valve 48 is mounted in the
line 36 by which a predetermined pressure may
be maintained on the orifice in the block 38 in
order to supply a uniform measured quantity of
gas to the analyzer. Any excess gas introduced
into the line 28 by the pump 34 exhausts to the
atmosphere through the valve 43. The details of
construction of this type of analyzer are illus-
trated and described in the patent of Morgan and
Sullivan No. 2,057,246 issued October 13, 1936.

The Wheatstone bridge wiring arrangement of
the analyzer is illustrated in Figs. 1 and 2. The
active arm of the Wheatstone bridge which is
located within the cell 42 is indicated in Pigs. 1
and 2 as 42.

The electric power for operating the Wheat-
stone bridge is preferably 110 volt alternating
current. This current is derived from mains 48.
These mains are preferably connected with the
mains 50 of an electric motor 52 that is used for
operating the pumps {4 and 34. When a switch
54 in the main 48 is closed to operate the pump
the power will be placed upon the primary of a
fransformer 58 to supply a heating current for
heating the catalyst wire in the Wheatstone
bridge. A secondary coil 58 of the transformer
56 is used to supply the heating current for the
bridge. Terminals 80 and §2 connected with the
secondary of the transformer are in turn con-
nected with points 64 and 86 of the Wheatstone
bridge. A hallast tube, such as an amperite tube
68, is mounted in series in the line 59 in order to
deliver a uniform current to the Wheatstone
bridge. This current may be in the range of .8
to 1.1 amperes, in providing a temperature of
from 950° to 1350° F.

The direct current which is used for operating
the galvanometer of the Wheatstone bridge cir-
cuit is derived from a vacuum tube 719. 'This
tube has a filament 72 which is heated by means
of alternating current derived from a secondary
winding 74 of the transformer 58. The secondary
winding 74 is connected to the filament by means
of lead wires 76 and 78. Plates 86 and 82 in the
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vacuum tube 10 have alternating current im-
pressed thereon from a secondary winding 84 of
the transformer 55. The plates 80 and 82 are
connected by the secondary winding 84 by lead
wires 88 and 88. When the alternating current is
impressed upon the plates 80 and 82 with the
filament 712 heated a direct current then flows
from a mid point of the secondary winding 84
through a line 88 to the point §6 on the Wheat-
stone bridge, then through the arms of the bridge
to the point 64 and returns through a line 82 con-
nected to the mid portion of the secondary wind-
ing 74 of the transformer. A uniform current
flow from the vacuum tube through the lines 90
and back through 82 is maintained by a ballast
lamp 94 which is mounted in the line 82. Points
96 and 98 of the Wheatstone bridge are con-
nected by lines 180 and {82 to a galvanometer
‘184. Part of the direct current which is im-
pressed on the Wheatstone bridge from the vac~
uum tube flows through the lines 100, 182 to the
‘galvanometer when there is any unbalancing of
the current fiow through the various arms of the
Wheatstone bridge. If the Wheatstone bridge
becomes unbalanced due to the special heating of
the active arm of the bridge 42, then a current
will flow through the galvanometer to indicate
the temperature rise.

With the connecticns of the galvanometer
with the Wheatstone bridge as illustrated in Fig.
1 there is substantially no difference in potential
of the alternating current at the points 95 and
88 and therefore there is no tendency for alter-
nating current to flow through the lines 108 and
102 of the galvanometer circuit. However, the
change of resistance of the catalyst wire in the
active arm 42 of the bridge will tend to produce
the direct current potential across the Wheat-
stone bridge and this direct current voltage will
be measured by the deflection of the galvanome-
ter needle.

In the modified wiring diagram illustrated in
Figure 2 the connections of the vacuum tube 10
with the transformer 5§ are the same as in Fig-
ure 1. The secondary filament transformer 74 is
connected to the tube in the same way and the
plate secondary transformer 84 is connected to
the tube in the same way. The connections of
the lines 2§ and 92 with the mid portions of the
secondary transformers 84 and 74 with the
Wheatstone bridge are the same. On the other
hand the secondary winding 58 of the trans-
former is connected with the points 26 and 98
through the lines 69 and 62. With these connec-
tions the full voltage of the alternating current
transformer is impressed upon the galvanometer
circuit. It may be desirable therefore in the op-
eration of the galvanometer with these connec~
tions to provide a choke coil 18§ so that the alter-
nating heating current will not interfere with the
operation of the galvanometer by the direct cur-
rent superimposed on the alternating heating
current in the Wheatstone bridge.

With this invention it will be seen that the
functions of the catalyst wire of the Wheatstone
bridge, that is of promoting burning of the gas
and of indicating, by its change of resistance, the
temperature rise, are cperated hy separate cur-
rents that are separately controlled and there-
fore any desired heating current may be used
with any desired galvanometer operating cur-
rent. Furthermore since these two circuits are
independently controlled and since the direct
current may be superimposed upon the alternat-
ing current without heing affected by the alter-
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nating heating current it will be seen that almost
any desired type of galvanometer may be used
to give full scale deflection for measuring small
amounts or large amounts of combustible in gas.
If the gases to be measured have a high calorific
value then a galvanometer requiring a compara-
tively large voltage for full scale deflection would
be used. On the other hand if very small
amounts of combustible are to be measured then
2. very sensitive galvanometer which will give a
full scale deflection with a small millivolt across
it may he used. Furthermore the vacuum tube
which is used as a rectifier to give the direct
current for operating the galvanometer is cheap
and available at most any place and may be
easily removed and inserted in the circuit.

By the use of the alternating current for heat-
ing the arms of the Wheatstone bridge and the
small direct current for operating the tempera-
ture measurement galvanometer a platinum wire
or a platinum-iridium wire which is comparative-
ly short and small in surface area may be used.
Furthermore this arrangement permits the use of
a platinum wire which has a gauge although
small yet sufficiently large to give rigidity and
stability to the analyzer so that it will stand con-
tinuous service and rough usage. The greater
the wire diameter the higher is the current re-

quired for heating it and although the heating .

current may be increased in order to use larger
size wire it is not important that a larger direct
current he used for operating the galvanometer
to make the temperature measurements. Ac~
cordingly a sufficiently large platinum catalyzing
surface may be used with a comparatively short
wire in the active cell and still get the desired
resistance for operating the galvanometer.

The preferred form of the invention having
been thus described what is claimed as new is:

1. In a process for analyzing a gas in which a
sample of gas is burned with air in contact with
a heated catalyst wire mounted in a Wheatstone
bridge circuit and the temperature rise of the
catalytic wire resulting from the combustion is
measured by a galvanometer, the method of op-
erating a Wheatstone bridge circuit which com-
prises impressing upon the bridge wires an alter-

“nating current of sufficient amperage to main-

tain the temperature of the wire sufficiently high
to burn the gas irrespective of its composition,
burning the gas in contact with the wire and
impressing a small amperage direct current on
the bridge circuit and on the galvanometer cir-
cuit to provide a definite operation of the gal-
vanometer by the direct current when the bridge
wire is unbalanced by change in temperature re-
sulting from the combustion of the gas.

2. In a process for analyzing a gas in which a
sample of gas is burned with air in contact with
a heated catalyst wire mounted in a Wheatstone
bridge circuit and the temperature rise of the
catalytic wire resulting from the combustion is
measured by a galvanometer, the method of op-
erating a Wheatstone bridge circuit which com-
prises impressing on the bridge wires an alter-
nating current of sufficient uniform amperage
to raise and maintain the temperature of the
wire such as to effectiveiy burn the gas irrespec-
tive of its composition, burning the gas in con-
tact with the wire and impressing a small uni-
form amperage direct current on the alternating
current of the bridge circuit and the galvanome-
ter circuit to provide a definite operation of the
galvanometer when the bridge wire is unbalanced
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by the change of temperature resulting from the
combustion of the gas.

3. In a process for analyzing a gas in which
a sample of gas is burned with air in contact with
a heated catalyst wire mounted in a Wheatstone
bridge circuit and the temperature rise of the
catalytic wire resulting from the combustion is
measured by a galvanometer, the method of oper-
ating a Wheatstone bridge circuit which com-
prises impressing upon the bridge wires an alter-
nating current of sufficient amperage to maintain
the temperature of the wire at a fixed tempera-
ture in the range of 950° F. to 1350° F., burning
the gas in contact with the bridge wire and im-
pressing a direct current of from .1 to .2 ampere
on the alternating current circuit of the bridge
and the galvanometer circuit to provide a definite
operation of the galvanometer when the bridge
wire is unbalanced by the change of temperature
of the combustion of the gas.

4. In a process for anslyzing a gas in which a
sample of gas is burned with air in contact with
a heated catalyst wire mounted in a Wheatstone
bridge circuit and the temperature rise of the
catalytic wire resulting from the combustion is
measured by a galvanometer, the method of oper-
ating a Wheatstone bridge circuit which com-
prises utilizing a source of alternating current
on the bridge wire to maintain the temperature of
the bridge sufficiently high to burn the gas irre-
spective of its composition, burning the gas in
contact with the bridge wire and utilizing a source
of alternating current through a transformer and
vacuum tube rectifier to impress a small amperage
direct current on the alternating current of the
bridge circuit and the galvanometer circuit to
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provide a definite operation of the galvanometer
when the bridge wire is unbalanced by the change
in temperature due to the combustion of the gas.

5. In a gas analyzer in which a sample of gas
is burned with air in contact with a heated cata-
Iytic wire mounted in a Wheatstone bridge circuit
and the temperature rise of the catalytic wire
resulting from such combustion is measured by
a galvanometer, the combination of an alternat-
ing current transformer having a secondary
winding arranged to deliver a current of sub-
stantially one ampere to the Wheatstone bridge
connections between the secondary winding of the
transformer and the Wheatstone bridge, a second
secondary winding of said transformer having
connections with a vacuum tube rectifier, said
transformer and rectifying tube being constructed
and arranged to generate a direct current of
substantially .1 to .2 ampere, connections be-
tween the rectifying tube and the Wheatstone
bridge circuit and connections between the
Wheatstone bridge and the galvanometer by
which the direct current generated by the vacuum
tube is impressed on the bridge and galvanometer
circuits.

6. The gas analyzer defined in claim 5 wherein
means are provided to control the alternating and
direct currents flowing through the Wheatstone
bridge circuit to hold the current flows uniform.

7. The gas analyzer defined in claim 5 wherein
a choke is provided in the galvanometer circuit
to confine the operation of the galvanometer to
the direct current supplied to the Wheatstone
bridge and galvanometer circuits by the vacuum
tube.

BENJAMIN MILLER.
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