DESCRIPTION ULTRASONIC APPARATUS AND METHOD FOR
MEASURING THE CONCENTRATION OF GAS Technical Field The
present invention relates to an. apparatus and method for measuring the
concentration of a sample gas by an ultrasonic wave. In more detail, the
present invention relates to an apparatus and method for measuring the
oxygen concentration of an oxygen concentrated gas fed out of an
oxygen concentrator used for mediEaICBUPAIdE8Y for example. Background
Art It is widely known that propagation speed of an ultrasonic wave
propagating through a sample gas is represented as a function of
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molecular weight M of the sample gas can determined. If such samp
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example, it is known that k = 1.4. Supposing that the molecular weight of
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molecular )
of an oxygen concentrated gas fed out of an oxygen concentrator used for medical

purpose, for example.

Background Art

It is widely known that propagation speed of an ultrasonic wave propagating
through a sample gas is represented as a function of concentration and temperature of
the sample gas. Supposing that an average molecular weight of the sample gas is M
and the temperature is T [k}, an ultrasonic propagation speed C [m/sec] in the sample
gas is expressed by the following expression (1):

[Expression (1)]

kR T
M
Here, k and R are constants (k: Ratio between constant-volume molar specific
heat and constant-pressure molar specific heat, R: Gas constant). That is, if the
ultrasonic propagation speed C [m/sec] and the temperature T [k] in the sample gas
can be measured, the average molecular weight M of the sample gas can be

determined. If such sample gas is composed by two components of oxygen and



weight M of the sample gas can be described as M =32P + 28 (1-P) ina
case of oxygen 100 x P [%] (0< P < 1) and nitrogen 100 x (1 - P) [%], and
the oxygen concentration P can he determined from the measured
average molecular weight M. Further, supposing that the ultrasonic
propagation speed in the sample gas is C [m/see] and the flow velocity of
the sample gas is V [m/sec], since an ultrasonic propagation speed Vi
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thro the sample gas using the above principle have been proposed.
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describes an apparatus for measuring the concentration and flow rate of
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= C — V, the flow velocity V [m/sec] of the sample gas can be acquired by the
following expression (2):

[ Expression (2}]

V-V,

V= 2

By multiplying the flow velocity V [m/sec] of the sample gas obtained as
above by an inner area [m’] of piping through which the sample gas flows, a flow rate
[m’/sec] of the sample gas can be obtained. Moreover, by volume conversion or
time conversion, the flow rate can be easily obtained in [L/min}.

Various apparatuses and methods for measuring the concentration and flow
rate of the sample gas from the propagation speed or propagation time of an ultrasonic
wave propagating through the sample gas usmg the above principle have been
proposed. For example, Japanese Patent Laid-Open Publication No. H6-213877
describes an apparatus for measuring the concentration and flow rate of the sample

gas by arranging two ultrasonic oscillators in the piping through which the sample gas



wave propagating between the ultrasonic oscillators. In addition,

Japanese Patent Laid-Open Publication No. H7-209265 and Japanese

Patent Laid-Open Publication No. H8-233718 describe an apparatus for
measuring the concentration of the sample gas by measuring the

propagation speed or propagation time of the ultrasonic wave

propagating through a sensing area in a sonic wave reflection method
uSingsaopinglée titasbrichoseilthtor nRisclosyrchefithedpyent ommmkn dirder tbirasonic
accurately measure the concentration of the sample gas using such
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emphysema, chronic bronchitis and the like, an oxygen inhalation therapy
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user. Such pressure-fluctuation adsorption type oxygen concentrator is

an apparatus for adsorbing nitrogen in a pressurized condition and taking
out unadsorbed oxygen as an oxygen concentrated gas using an
abisoribeveddhéilladonithomolecular seive zeolite of 5A type, 13X type,
Li-X type, MD-X tt)'ége and t&e like as an adsorbent that selectively
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provided with two or more adsorbent beds, and by conducting a
potskenizedassorptierqradedadon Mavicmifhogen adserpgthbyihaigh which the
adsorbent so as to generate unadsorbed oxygen at one of the adsorption
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As a treatment method for disorders in respiratory organs such as asthma,
emphysema, chronic bronchitis and the like, an oxygen inhalation therapy in which a
patient inhales an oxygen gas or oxygen-enriched air, and as its oxygen supply source,
there is known a pressure-fluctuation adsorption type oxygen concentrator that
concentrates oxygen existing m the air mn approximately 21% to high concentration
and supplies it to a user.  Such pressure-fluctuation adsorption type oxygen
concentrator i1s an apparatus for adserbing nitrogen in a pressurized condition and
taking out unadsorbed oxygen as an oxygen concentrated gas using an adsorbent bed
filled with molecular seive zeolite of 5A type, 13X type, Li-X type, MD-X type and
the like as an adsorbent that selectively adsorbs nitrogen rather than oxygen and
supplying compressed air from a compressor to the adsorbent bed. Such an
apparatus is usually provided with two or more adsorbent beds, and by conducting a
pressurized adsorption process for having nitrogen adsorbed by the adsorbent so as to

generate unadsorbed oxygen at one of the adsorption beds and a desorption



regeneration process in which. pressure of the other adsorption bed is

reduced so as to exhaust adsorbed nitrogen for regeneration while
sequentially switching them, oxygen can be generated continuously. In

the pressure-fluctuation adsorption type oxygen concentrator, since

oxygen is continuously generated by switching the pressurized adsorption
process and the desorption regeneration process in the piping, and a flow
ratgafesappligeboxyg@misicisndised i shetotlingadtamyitimies pPresstireofo as to
the sample gas in the piping is fluctuated. However, change in the
pEspagtiRcspebbiGpHse (rasmiyliavetyloressurdaidnaricotisrities, oxygen
at allgn usual, which is a faFtor to deteriorate an accuracy of
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concentration of sample gas that can accurafely méasure the sample gas
cancentiationibyspressute by denivingatlcogffisientfat adweaptiog thecess and the
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temperature, calculating a propagation speed correction coefficient,
erpressng the propdgaetion sleedusortestivrhcoeffiaignt as defaniction of accuracy
the temperature, and correcting the propagation speed. That is, the
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CO”C.eF‘”ai‘i%'L,r%ge%% GOUIRIISING, fwo, yltrasonic °§PA'¢"§‘ Or%{% Q%Q?Srﬁ‘i‘étﬁ'ﬂgfﬁod for
receiving an ultrasonic wave, arranged opposite 10 each other in the

PiRRGIARUEB cuiishte-sam Pieng aSqHe WRit 248 MRS HEeRGRE @BdAnple gas
pressure sensor, characterized in that concentration calculation means

forosarairatiog the pessentiaticlsofitie sarpiicigas basedwatihg the propagation
e s e meaur S o D S vt using it

As the result of keen examination by the inventors in order to achieve the
above object, they have found that the sample gas concentration can be accurately
measured by changing the pressure in the piping through which the sample gas flows
is changed at each temperature, calculating a propagation speed correction coefficient,
expressing the propagation speed correction coefficient as a function of the
temperature, and correcting the propagation speed.

That is, the present invention provides an ultrasonic apparatus for measuring
the concentration of gas comprising two ultrasonic oscillators for transmitting /
receiving an ultrasonic wave, arranged opposite to each other in the piping through
which the sample gas flows, a temperature sensor, and a pressure sensor, characterized
in that concentration calculation means for calculating the concentration of the sample

gas based on the propagation speed correction coefficient by the pressure of the

sample gas.



sample gas. 4 Further, the present invention provides an ultrasonic
apparatus for measuring the concentration of gas characterized in that
such concentration calculation means is means for correcting a
propagation time till the ultrasonic oscillators receive the ultrasonic wave
using the propagation speed correction coefficient according to the
measured temperature and the measured pressure of the sample gas and
correctind artprophgatieseispeedr@idill ghe idirasonicroseilatpisirecriver theasuring
ultrasonic wave by the following expression (3): [Expression (3)] KRT P P
13e copFatiiey pfrgee(ﬁlara}-?temzegur,‘fwé%, IEoRsgBtFE et culation means is
cqneianelime molar speciic heat and cnatantipressure molar soecllic .
heat,lﬁ: gas cons%ar%,al'. measared temperature 6‘f] ggﬁlﬁe gﬁ 815? re
averagpelacylatweiol piamne0gsda: MBRASHERCBIRASINR Qbcording to the
sample gas, and B(T), C(T): propagation speed correction coefficients.
Furthemadrenthea pires entlinke ntiispedvides ar vifrdsonimpiethadcior correcting a
measuring the concentration of gas, in a method for measuring the
cHRRAERHAB RS SaffpiBegale pieded & HasFEpagisitn Timalimumic wave by the
ulﬁt;%%%nui{: Vé%’re Stsr%qls@tted from ultrasonic oscillators for transmitting /
receivingthe Utrasonic’ wave arranged opposite to each other in piping
theuabsbichsihe sample gas flows is received by the ultrasonic
oscillator arranged on the opposite side, characterized in that the
propagation time till the ultrasonic oscillator receives the ultrasonic wave
based on a propdgaian. gpeed correction coefficient according o the
temperature and ur%-:-+ = E P ST 4 et

RT WRT

Where, k: ratio between constant-volume molar specific heat and
constant-pressure molar specific heat, R: gas constant, T: measured temperature of
sample gas, M: average molecular weight of sample gas, P: measured pressure of
sample gas, and B(T), C(T): propagation speed correction coefficients.

Furthermore, the present invention provides an ultrasonic method for
measuring the concentration of gas, in a method for measuring the concentration of a
sample gas based on a propagation time till an ultrasonic wave transmitted from
ultrasonic oscillators for transmitting / receiving the uitrasonic wave arranged opposite
to each other in piping through which the sample gas flows is received by the
ultrasonic oscillator arranged on the opposite side, characterized in that the
propagation time till the ultrasonic oscillator receives the ultrasonic wave based on a
propagation speed correction coefficient according to the temperature and the pressure
of the sample gas is corrected, and particularly characterized in that the propagation
speed C till the ultrasonic oscillator receives the ultrasonic wave is corrected.

Moreover, the present invention provides an ultrasonic method for measuring

ot



of the sample gas is corrected, and particularly characterized in that the

propagation speed C till the ultrasonic oscillator receives the ultrasonic

wave is corrected. Moreover, the present invention provides an. ultrasonic

method for measuring 5 concentration characterized in that propagation

speed correction coefficients (B(Ta), C(Ta)) at a temperature Ta is

acquired from ultrasonic propagation speeds of the plural sample gases

witimchffersiohpreasutaszat the dtemperpinsecha poditherprapagatiofiicspeedB(Ta),

is corrected based on a function of the temperature T of the propagation

spééd)carredEBRESBRieAt BHETDESCHBId I Bfe DrANRGE . Pregmof the

outline diagram illustrating.configuration of an ultrasonic apparatus for :
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of a conventional ultrasonic apparatus for measuring the concentration of

oxygertidigodiistions a relation between a propagation speed correction

coefficient and a temperature, and Fig. 4 shows a relation between the

oxygen concentration value and the pressure of the ultrasonic apparatus

for measuring the centration of oxygen for which the propagation

s%%lee %%F’%légt%grﬁl 8%%@5(%%%?’8?%% present invention is employed. Fig. 5

shows a tegling devige dafimedvirigenineiNiRRANANOR SPGB GONEGHOR ultrasonic

coefficient of an embodiment. Best Mode for Carrying-out of the Invention

Arppmiodifnentcofiampltiesonicemethod ddomessuritydipeesoncentration  Fig. 2

and flow rate of gas of the present invention will be described below. In

tHS°EBodfERE AW iSHAraths TOYS LY RTer dficaRtatiorretsyre of a

S%H?R)&ﬁ@ﬁaﬁ?%’s%%?cda&%&g&% ?&WE&@-&H%%Q’&X%?%%HQ&%@'&E}gﬁn. Fig. 3

argon or two components of oxygen and nitrogen will be described. The

S3hole gasdhad earveenngasphgatioy tiRed correction coefficient and a temperature,
and Fig. 4 shows a relation between the oxvgen concentration value and the pressure
of the ultrasonic apparatus for measuring the concentration of oxygen for which the
propagation speed correction coefficient of the present invention is employed. Fig. 5

shows a testing device for acquiring the propagation speed correction coefficient of an

embodiment.

Best Mode for Carrying-out of the Invention

An embodiment of an ultrasonic method for measuring the concentration and
flow rate of gas of the present invention will be described below. In this
embodiment, an apparatus for measuring oxygen concentration of a sample gas
composed by three components of oxygen, nitrogen, and argon or two components of
oxygen and nitrogen will be described. The sample gas that can be measured by the
present invention is not limited to the sample gas composed by oxygen, nitrogen, and
argon shown in this embodiment, but the present invention can be easily applied to a

gas composed by other molecules.



present invention is not limited to the sample gas composed by oxygen,
nitrogen, and argon shown in this embodiment, but the present invention

can be easily applied to a gas composed by other molecules. 6

Configuration of the ultrasonic means for measuring the oxygen

concentration and flow rate of gas is shown in Fig. 1. In piping 1 through

which the sample gas flows, two ultrasonic oscillators 2 (first ultrasonic
oscillator@anéipdrseaonadfultiEsonicrasciilatomzinsardoarrangad-opposgite toxygen
each other, and a switch 4 for switching transmission / receiving of the
uteBSHHicEEEARddie 2 AT RS o arEh dinitthd an BifBdeRiE through which the

UgnsIission BUise 1g e Wirasanic 05llofs 2,3 2610 OSSN, 1o cecond
detectiofn cifcuit'é for detecting zero-cross time in an ultrasonic receiving

WaMGIHTR. 8sMIGIRFOMPUIR! ansalcyiglinga corgentration. fewaraleieh 4 for
the sample gas, a temperature sensor 3 for measuring a temperature of

the sampletgasnisthe pipiagiagprdsturaitensornd focmheasuringadriver 5 for
pressure in the piping in the piping 1, and a non-volatile memory 9 in
WHIBRIHE R opfh g BSHCEPe cHAES PEsih Eodificionthie dtBratpaie piollaeds 2, a

A displa 1Q.disp ys the conceptga%ion f the measured sam le.gas. A .
ZETOSCT s§ me detection Fucm I ,01i é?etec 1%% %%uycross m?e ¥ an  ultrasonic
long as a tlow of the sample gas is not disturbed, the temperature sensor

aRddRerRresSUIBrSe NS AL D AFANIBY a1 ithe.ERPteIBRRAMIASONGY rate of
propagation path. A method for measuring the concentration of a sample

gds ysing¢hraboearepparattesontidor atomwitlbe degoribied: itishwidehple gas
known that the propagation speed of the ultrasonic wave propagating

tHROLG IO ArABIEF AL BROFES LS IR ORI BRERE ORI IBANC PiPing
a'p,datr?cmaoﬁgﬁl%?aﬁfet@geﬁ?eﬁp&ig%i-m%éi‘pf%ﬁ%%gﬁg}gségﬁ @%\éﬁ% Soefficient

molecular weight of the sample gasis M a emperature is T [K], an
ullyaserie propagaiden. spaedisp ln/secliinthessampiegastisexpiEssed Byasured

the above expression (1). If an influence of the pressure is not considered

agtiniie@rpretsitme as a flow of the sample gas is not disturbed, the temperature
sensor and the pressure sensor may be arranged at the center on an ultrasonic
propagation path.

A method for measuring the concentration of a sample gas using the above
apparatus configuration will be described. It is widely known that the propagation
speed of the ultrasonic wave propagating through the sample gas is expressed as a
function of the concentration and temperature of the sample gas. That is, supposing
that an average molecular weight of the sample gas is M and the temperature is T [K],
an ultrasonic propagation speed C {my/sec] in the sample gas is expressed by the above
expression (1). If an influence of the pressure is not considered as in the expression
(1) or if the pressure in the piping is zero, an accurate oxygen concentration of the
sample gas flowing through the piping can be measured by this method. However, if
a pressure 18 present in the piping, it 15 impossible to derive an accurate measured

value of the oxygen concentration.

A result of the oxygen concentration in the sample gas derived by a



(1) or if the pressure in the piping is zero, an accurate oxygen

concentration of the sample gas flowing through the piping can be

measured by this method. However, if a pressure is present in the piping,

it is impossible to derive an accurate measured value of the oxygen
concentration. A result of the oxygen concentration in. the sample gas

derived by a 7 measuring method using a conventional algorithm not
consiskatiing thelpréssite ascaescibed!inljapainPaentdaidddpenhe pressure as
Publication No. 2004-317459 is shown in Fig. 2. As shown in Fig. 2, since
théepoped tidrap et ailiipasdinklivalierddipe Addohl TS dpredsuiva, it Fig. 2.

is known that an output value of the oxygen gongcentration is lowered as

S THACRTIE ot B S G G5 e O GpuE Gepends on the
dependson BeRsessHIA ANDUHEXRERRSSE AR B {uRehoR AkREtion is lowered as
temperature is generally known and can be expressed by an expression
(hdExpressiose{3)] KRT C M L 1+ RTB(T)+L RR JC(T)+.., ~ T Here, P

[N/m2] indicates an output value of the pressure sensor built in the

ultrasonic dppaeatthardiandEsemigripesiieninesd - ofesiisiey e pressure and

according to, the present invention. B(T) and C(T) [m3/rnol] indicate
e e et A W D S oressed
upothebeeRieh BT is applied and shown by using the following
expression (4): [Expression (4)]k+)r

[Expression (3)]

kRT - . D
P

_ S [P
C= — —
vl RTB(TH{\RTJC(TM

Here, P [N/m’] indicates an output value of the pressure sensor built in the
ultrasonic apparatus for measuring the concentration of sample gas according to the
present invention. B(T) and C(T) [m’/mol] indicate ultrasonic propagation speed
correction coefficients.

In this embodiment, up to the term of B(T) is applied and shown by using the
following expression (4):

[Expression (4)]

kRT [ P 0
— 1+ —=B(T)
M é RT ( )

S -

One of calculating methods of the propagation speed correction coefficient
will be illustrated.  As shown in Fig. 5, a plurality of ultrasonic apparatuses 13a, 13b

for measuring the concentration of sample gas are installed inside a device 14 capable



One of calculating methods of the propagation speed correction coefficient

will be illustrated. As shown in Fig. 5, a plurality of ultrasonic apparatuses

13a, 13b for measuring the concentration of sample gas are installed

inside a device 14 capable 8 of temperature adjustment such as a
constant-temperature bath, for example. A gas bomb 16 installed outside

is connected to the ultrasonic apparatuses 13a, 13b for measuring the
coficenisation obsamplengasdhrougbaflan-ratepaditstebdih, orosdanple. A gas
stabilize the temperature so that the sample gas temperature matches a
sepEmberatirbesf thesidmétarsmrasisdriqutbchalina@éngiivorsisabd 32 ih3b for
the constani-temperature bath up to the ultrasonic aratuses 13a, 13
B i A e e
CoMingRKsOf e (Gapstantde mPeraturg. DAt LA IS CONBEHEAIRA matches a set
pressure regulating valve 15 so that a pressure value can be adjusted. By
ustngpstithrpredsule reguatingevaivekbe twadypes tiprassure canditions in the
P1, P2 are prepared, and by measuring ultrasonic propagation speeds Cl
afanSAHtEMgRIEHISABIE thipdhatuieaTceat i eomeitidsa. ahr dgemeasuring the

molecular weights MI, Mz of the sample gas can be acqujred by the
T AL (61° S wOOHF. IPRSBrat Boea NS vt the

typasahRiessure-standards do natpecassalily-bavee 1R RRMAUBEL: 15 so that a
[Expression (5)] B(Tal M1 _kRTI+ R T1 [Expression (B)]M2=k21[1

+ReFnBd Valie@21 fihed$asmdle gas at actual measurement is the same, MI
= M2, and the . -
By using such pressure regulating valve 15, two types of pressure conditions
Py, P are prepared, and by measuring ultrasonic propagation speeds C1 and C2 at a
given stable temperature T, in each condition, average molecular weights M;, M; of
the sample gas can be acquired by the following expressions (5), (6). However,

temperature conditions in the two types of pressure standards do not necessarily have

to be matched.

[Expression (5)]
kRT [ P; - ;

[Expression (6)]
__ kRT, i P, \]
MQ — ng [M1 + FQ T‘] B(.Tajj

If the sample gas at actual measurement is the same, M1 = M2, and the
propagation speed correction coefficient B(Ta) can be calculated.
The propagation speed correction coefficients By, Bs: at the other

temperatures T,, Ty and the like are also acquired by the similar method, and a relation



propagation speed correction coefficient B(Ta) can be calculated. The
propagation speed correction coefficients B2, B3 at the other

temperatures T2, T3 and the like are also acquired by the similar method,

and a relation 9 between the propagation correction coefficients (B1 - B3)

and the temperatures (T1 T3) including the propagation speed correction
coefficient B(Ta) = Br at the temperature T; is plotted in Fig. 3. Here, by
aproximatio g tines ploitad-pointsohycacsiicents gRier approxinatienyeuivees (T, ~
as shown in the following expression (7), the propagation correction
coeffidishedmeTharrmragtisiredrisd fmceidinaf aastieinserdi(re)(T). B1 at the
ngvr\llleveét Jt%ergpprloxi ati curve does not necessarily have to be a
SECORd-oraer CuSF\Pef)tExd'?esLﬁbn‘ (7] B(T) =aT2 + (3T +6y A result of
measuremgat of $he CRRGRAIRY qge%i%l?e&?’ﬂ RI& 935PYe L8 WHRS UNroximation
propagation speed by substituting an output value of the temperature

sensoy, anchilven outphatfedihieind thepreBsUl@)sdrsproigatien @xpresiioroefficient
(7) and the expression (4) for correction is shown in Fig. 4. As shown in

Fi. 4Tth&%x§eRét frativnfigchisnaféctbe Bypresiure fidetuationwever, the
b%t aceurate concentr O'gégn easurement carn bg made. _ffeé:t_of the

In ntlor%ngy using the method SFﬁﬁ%lpyreggﬁt inveRtsh. there dan'be
prigedsah yiijasonic method for measuring the concentration of sample

gas and an apparatus for measuring the concentration of gas that can
accuratelBfiieasuld theTsample gas concentration by pressure by

deriving a coefficient for correcting the propagation speed accompanying

the pressure of the sample gas. 10

A result of measurement of the concentration of the sample gas by the
ultrasonic propagation speed by substituting an output value of the temperature sensor
and the output value of the pressure sensor into the expression (7) and the expression
{4) for correction is shown in Fig. 4. As shown in Fig. 4, the oxygen concentration is
not affected by pressure fluctuation, but accurate concentration measurement can be

made,

Effect of the Invention

By using the method of the present invention, there can be provided an
ultrasenic method for measuring the concentration of sample gas and an apparatus for
measuring the concentration of gas that can accurately measure the sample gas
concentration by pressure by deriving a coefficient for correcting the propagation

speed accompanying the pressure of the sample gas.

10



CLAIMS 1. An ultrasonic method for measuring the concentration of a
specific component gas in sample gas based on a propagation time till an
ultrasonic wave transmitted from two ultrasonic oscillators transmitting /
receiving the ultrasonic wave, arranged opposite to each other in piping
through which a sample gas flows, is received by the ultrasonic oscillator
arranged on the opposite side, the method comprising steps of:
measuring a propagation time till the gjtragggic wave transmitted from
each of the two ultrasonic oscillators is received by the other ultrasonic
oscillator; measuring a sample gas temperature; and correcting the
propagation time till the ultrasonic_ oscillator receives the ultrasonic wave

bdsed on aThrBpEGAREN SHRBACoRECTSAEERSEICIEST SORGRINYRIRE @ specific
te r e.g , ultrasqnic method for
O B SSE S S B A ST FSE BRE e
steprfgniced eatingWhe.prapagateniime titthaditias onic asaillaley ultrasonic wave
receives the ultrasonic wave is a step for correcting a propagation speed
(Cyishaed arPasHnitowensd byhbe following dxoradsivmichTaCsantple gas flows, is
RTB%T +HLRTjC(T)+ .. (where k: ratio between constant-volume molar
SPESTHEHEY oA REHSEIE el misiaresse Ac e abPROY!Es Bofsthist, method
Tb&ﬁﬁ%ﬁ%t&?@@ﬁrmure of sample gas, M: average molecular weight of
sample gas, 11 P: measured pressure of sample gas, B(T), C(T):
propagatiansperg. aopispetistivaogificieitg ulirasonic wave transmitted from each

>

of the two ultrasonic oscillators is received by the other ultrasonic oscillator;
measuring a sample gas temperature; and
correcting the propagation time till the ultrasonic oscillator receives the
ultrasonic wave based on a propagation speed correction coefficient according to the

temperature and pressure of the sample gas.

2. The ultrasonic method for measuring the concentration of gas according to
claim I, wherein

the step for correcting the propagation time till the ultrasonic oscillator
receives the ultrasonic wave is a step for correcting a propagation speed (C) of the

ultrasonic wave by the following expression:

kR T o Fp o
C- b BT) + e | CT) -
" e B Ry oM

A

(where k: ratio between constant-volume molar specific heat and
constant-pressure molar specific heat, R: gas constant, T: measured

temperature of sample gas, M: average molecular weight of sample gas,

i1



3. The ultrasonic method for measuring the concentration according to

claim 2, wherein the step for correcting the propagation time till the

ultrasonic oscillator receives the ultrasonic wave is a step for correcting a
propagation speed based on a. function of a temperature T of the

propagation speed correction coefficient by acquiring propagation speed
correction coefficients B(Ta), C(Ta) at a temperature Ta from the

ultrasonic prepagliiaperepesabaddiumlipiofsamplergaseswilhgiflerent speed
pressure values at the temperature Ta. 4. The ultrasonic method for

measuring thewencentratibriefigas according to claim 1, wherein the

step for correcting the propagation time till the ultrasonic oscillator

receives the ultrasonic wave is a step for correcting a propagation speed

(G) of the_Tngua%r%gcl)%yg %’&f@%tifoer ]}%I-lgéll\llll‘?%eﬁﬁ%rgg%%ntrr tll\lol /c'éTrcPl'iné' to claim 2,
(where k: ratio between cons ant-vorume rmolar SpeCIﬂC eat and
consiam-pressure molar specific heat, R: gas constant, T: measured
temperature of sample gas, M: average molecular weight of sample gas,

P: measutiad prpssorecofsampletiasrBiddapoopagation] sgeedicasrectioscillator
coefficient.) 12 5. The ultrasonic method for measuring the concentration

oF‘@“&éVS%'éB‘Fde&FGnHaWﬁVE, urdetis %%ﬁ%??carpéeﬂﬁ%am St?eed based on a
P%B&%‘O&tﬁ“?eﬂléé'?%ﬁ{%raf%‘fctﬁécgl% o gﬁgg'Vs%%é@ecakaf&%%%@éﬁ%iem by
is a step for correcting a propagation sp ased on a

acquiring propagation speed correction coefficients B(Ta), C(Ta) at a temperature Ta

from the ultrasonic propagation speeds of a plurality of sample gases with different

pressure values at the temperature Ta,

4. The ultrasonic method for measuring the concentration of gas according to
claim 1, wherein

the step for correcting the propagation time till the ultrasonic oscillator
receives the ultrasonic wave is a step for correcting a propagation speed (C) of the

ultrasonic wave by the following expression:

(where k: ratio between constant-volume molar specific heat and
constant-pressure molar specific heat, R: gas constant, T: measured
temperature of sample gas, M: average molecular weight of sample gas,
P: measured pressure of sample gas, B(T): propagation speed correction

coefficient.)

12



function of a temperature T of the propagation speed correction coefficient
by acquiring a propagation speed correction coefficient B(Ta) at a
temperature Ta from the ultrasonic propagation speeds of a plurality of
sample gases with different pressure values at the temperature Ta. 6. An
ultrasonic apparatus for measuring the concentration of gas comprising
piping extending along an axis and through which a target gas to be
measured flows, a first ultrasonic oscillator arranged inside the piping for
transmitting/ receiving an. ultrasonic wave, a second ultrasonic oscillator
affanged insiddttheopipingthnd dpposesutnghthdirginderissnio ofdlaterdanding to
trarsmiétyin / receiving the ultrasonic wave, a transmission / receiving

feR for SWiteHing control an ultrasonic transmission mode in which the
uItrason!Cﬂ%a\é%bs %qnééﬁlgﬁglgc’@at o lﬁ%%ﬂﬂl'ctcﬁﬁflllﬂiofh%nqlagsonic oscillator
ultrasonic receiving mode in which the tfansmitted ultrasonic wave Is
reeebiees beiwkenrdhe firstand seepntbtitrasanigosgillaparstidn speed based on a
temperature sensor arranged at the piping for measuring a temperature
offthetiargef gadeamndratpiesburé shaspiopagarigedsaeetiecpipisgdor coefficient by
measuring a pressure of the farget gas, wherein concentration calculatin
ARTER EAEORAFRE R SRECH GHTESH EP TSRO bk plGRRLIre Ta from
baged 199 ARERBIAIN SRE&L SOF L HHAR RO HICIERL BV APIQRATALI Nt pressure
time till the ultrasonic wave transmitted from each of thé two ultrasonic
oscillatoss isc tenpbrechizyTe other ultrasonic oscillator, an output value of
the oxygen sensor, and a pressure value of the pressure sensor. 13 7.

The ultrasonic method for measuring the concentration of gas according
toﬁclalm G%Wgﬁreln the concentration calculatlrggemeans js means for

corectingthe STpAUA B tie i S CHFASBATE SSLAHISF VaBeeingomprising
RSN IGWAYR H31PELRR PIAPAGAIRR. SPSRH GO arHaNLORIIIeMasured flows, a
according to the measured temperature and the measured
first ultrasonic oscillator arranged inside the piping for transmitting/ receiving an
ultrasonic wave, a second ultrasonic oscillator arranged inside the piping and opposed
to the first ultrasonic oscillator for transmitting/ receiving the ultrasonic wave, a
transmission / receiving switch for switching control an ultrasonic transmission mode
in which the ultrasonic wave 1s transmitted from the ultrasonic oscillator and an
ultrasonic receiving mode in which the transmitted ultrasonic wave is received
between the first and second ultrasonic oscillators, a temperature sensor arranged at
the piping for measuring a temperature of the target gas, and a pressure sensor
arranged at the piping for measuring a pressure of the target gas, wherein
concentration calculating means for calculating the concentration of the target
gas 1s provided based on a propagation speed correction coefficient by a propagation
time till the ultrasonic wave transmitted from each of the two ultrasonic oscillators is

received by the other ultrasonic oscillator, an output value of the oxygen sensor, and a

pressure value of the pressure sensor.

13



pressure of the target gas. 8. The ultrasonic method for measuring the
concentration of gas according to claim 7, wherein the concentration

calculating means is provided with means for correcting the propagation

speed (C) till the ultrasonic oscillator receives the ultrasonic wave by the
following expression: p p C= 1+-R B(T) + BT C(T)+... itT (wh ere k: ratio
between constant-volume molar specific heat and constant-pressure

molar spetiichigaiomc gasEeNIANkchsRASHE L olRMNEIREH e b SARBIRding to
gas, M: average molecular weight of sample gas, P: measured pressure
ofodampsievgaseB(T), C(T): propagation speed correction coefficients.) 9.

The ultrasgnic apparatus for measuring the concentration of gas

according't5 CHATEUHEFaHRtHE Mo RESHHaficR earifatg hilaadlig propagation
MERIS AN EOGEHNG NG REARAY ar%?élv%k"?ﬁ@ &?z%‘égn‘i?@ @a@%}%ﬁﬁ% %@9 propagation

temperature T of the propagation speed correction 14 coefficien

acguiing prepagatierispesdarrastion aeetficisnisBldefa(l@) Alidhe measured
temperature Ta from the ultrasonic propagation speeds of a plurality of

sanplegasdbewithctigfsrent pressure values at the temperature Ta. 10.
The ultrasonic apparatus for measuring the concentration of gas
according to claim 7. wherein the concentration calculating means is

prvided with m&@%@&&&!{@&%g %easuring the concentration of gas according to

claim 7, wherein
the concentration calculating means is provided with means for correcting the

propagation speed (C) t1ll the ultrasonic oscillator receives the ultrasonic wave by the

following expression:

kRT P ;f P "‘:2

C= e BT} + | | ;-
» 1+ R BM+ o |em

(where k: ratio between constant-volume molar specific heat and
constant-pressure molar specific heat, R: gas constant, T: measured
temperature of sample gas, M: average molecular weight of sample gas,
P: measured pressure of sample gas, B(T), C(1): propagation speed

correction coefficients.)

9. The ultrasonic apparatus for measuring the concentration of gas according to
claim 8, wherein
the concentration calculating means is means for correcting the propagation

speed based on a function of a temperature T of the propagation speed correction

14



propagation speed (C) of the ultrasonic wave by the following expression:

kP 11+ B(T) (where k: ratio between constant-volume molar specific

heat and constant-pressure molar specific heat, R: gas constant, T:

measured temperature of sample gas, M: average molecular weight of

sample gas, P: measured pressure of sample gas, B(T): propagation

speed correction coefficient.) 11. The ultrasonic apparatus for measuring

the epReantptionofgasRepesding &\t AQ: Mrets TR AAIBUIBING (Ta) at a
means is means for correcting a propagation speed based on a function
ofcanarpperaile divoftiseufropagatorpsgaiéehcapredtioh Tobffidienvbypample gases
acquiring, a propagation speed correction coefficients B(Ta) at a

teibet E%ﬁ?%ﬂ’ralﬁﬁmet rgs%ﬁl@]ﬁ‘ﬂ‘fﬁ% fidA-speeds of a plurality of

sample gases with dlfferent pressure values at the temperature Ta. 15

10. The ultrasonic apparatus for measuring the concentration of gas according to
claim 7, wherein
the concentration calculating means is provided with means for correcting a

propagation speed (C) of the ultrasonic wave by the following expression:

u RT{_ P “";

—

(where k: ratio between constant-volume molar specific heat and
constant-pressure molar specific heat, R: gas constant, T: measured
temperature of sample gas, M: average molecular weight of sample gas,
P: measured pressure of sample gas, B(T): propagation speed correction

coefficient.)

11 The ultrasonic apparatus for measuring the concentration of gas according to
claim 10, wherein

the calculating means is means for correcting a propagation speed based on a
function of a temperature 1 of the propagation speed correction coefficient by
acquiring a propagation speed correction coefficients B(Ta) at a temperature Ta from
the ultrasonic propagation speeds of a plurality of sample gases with different pressure

values at the temperature Ta.



