WO 2004/094960 PCT/JP2004/005590 -1 DESCRIPTION
ULTRASONIC APPARATUS AND METHOD FOR MEASURING THE
CONCENTRATION AND FLOW RATE OF GAS 5 Techmc@&lsjeq(;g
WRGEHIBA lates to ultrasonic apparatus and method for measuring
concentration of oxygen gas in a sample™ g&s and flow rate of the sample
gas, which is supplied from an oxygen concentrator used for a medical
10 purpose. Background Art It is well is@miLthat d¥e propagation velocity
of ultrasonic waves through a sample gas is presented by a 15 function
on the concenrtlon and thte raturNo t?&% gbol QSMEQ;%IYER%WTHE
(m/sec) of -
presented by flowing EGN&HNILE goutarelght B
gempe@mfanTﬂ(ngQ{:g;(&RT/M)l/Z (1) Where X: ratlo of molecular
specific heat ahconsfantyalume, andymolecylar specificheat gl constant ang

pressure R; gas constant 25 Therefore, measuring the velocity of
ultrasoe “RRGes ?inwgéé)uﬁﬁdb%gﬁ?iﬁgﬁﬁ%%eg‘ﬁtg &5hhe és UHERR 938 in @
temperagme T¢KY af tia:darmphe’ gas vl pioise tﬁé‘ﬂﬁéa?l ?ﬁ@lchWCh is
weight Miebthessamplergasthyeughbra calsulationaEorexamplet e meamiical
1910Iecuﬁ[9§é%fg t M of 30 a sample gas containing an oxygen-nitrogen ‘

gas mi a mixture ratio P:(1-P)(0sPs1) will be calculated by

following equation (2). M=M02P+MN2 (1-P) ... (2) Where: 35 M02:
MolecuRaNeightof okygen gas MN2: Molecular Weight of nitrogen gas

WO 2004/094960 RCHEIPR0O4MRO559 2 the propagation velocity of

ultrasonic waves through & sanmple gas 1s presented by a
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15 function of the concentration and the temperature of the
sample gas. The velocity C(m/sec) of ultrasonic waves
propagating through a stationary gas is presented by
flowing eqguation (1) with mean meolecular weight M and the
temperature T(K}.

20 C=(XRT/M)}*? ... (1)

Where:

K ratio of molecular specific heat at constant volume
and molecular specific heat at constant pressure

R: gas constant

25 Therefore, measuring the velocity of ultrasonic
waves C{m/sec) propagating through & sample gas and the
temperature T(XK) of the sample gas will provide the mean
molecular weight M of the sample gas through a
calculation. For example, the mean molecular weight M of

30 a sample gas containing an oxygen-nitrogen gas mixture of
a mixture ratio P:(1-P)}{0=P=l) will be calculated by
following eguation (2).

M=Mg,PHMy, (1-P} ... (2}
Where:

35 My, : Molecular Weight of oxygen gas

My,: Molecular Weight of nitrogen gas



Therefore, the oxygen concentration P will be obtained through a
calculation on the basis of the measurement of mean molecular weight M.
When the sample gas is an oxygen-nitrogen mixture, x=1.4 is reasonable

V9 G YMbe range of the oxygen-nitrogen mixture ratio. Wi/ tRg4/005590

velocity of ultrasonic waves propagating~tlrough a sample gas is
C(m/sec) and the flow velocity of the sample gas is V(m/sec), the velocity

of ultrasonic swaves-G1m/ser) pepagating in-the forward, disegtign 10,
relative to the esagmtpprll(e; C();as flow is 1=§+V., and the velacity of ultrasonic
I

Wavesoeﬁ(arﬁféec) pzizggal.ﬁn% iRtthe" %E%\ﬁgraogiré;& orPfdiatveto HE
sampl8RSHAGIEN CREC e FhaleiGiel #is velb ey bf the siiipie Ghs sample

flow \gavseq iscalsufaien by toloydna-popetien (3k=1d ¥=iC -t ddable

(3) The flow rate (m3/sec) of the sample gas will be obtained b

M .
“ultipiFRF i VeisEity 8P e SampRE g88YAGH B thE LEthoRAraEe(midLo-
of the conduittrBughewhtckPthetsampla:gas fiopsicowastdderankgating

apparaitises for mesaniiing the scancanitatioaf aeatangasentheionity of
velocity,of a; saminle gas, by using the §boye pripgiple, an,the-basis « s%‘z?ic

propagation velocity or the propagation'time of ultrasonic’ waves throug

the sapI& Gak:HAVE 5Een DECREFASPRY. B8 SRSmpRE Wahdndsgect Ton
1 WUnexanfinéd Prremt Pubticaton {Kokay NG.®+2188T=destribescarthe

apparaus ofef fpeasuring:-thesepneentation andihe oy mied ga samplén the

gas by meaguung e BEQ&%Q@%‘LQ’P&%‘C ‘{'EE‘?‘%%

A @%s"%%"%pf PRIAYINg ;g
between two ultrasonic 30 transducers opposingly dis Gsed iha conduit

through=Whith the SaRfAEHRs fﬁ%.%}‘ﬁaﬁ&né&auﬁﬁgﬁﬁﬁn@&s flow

Patent\Rgblipegions {KoRAY N@ tR2200265@hioNong- 2387481 descidbe an
1@pparatus for measuring the cono\e_g{ati_@ )oj 2a ge(gajn gas contained in a

sample gas by measuring the 35 gropagafion velocity or propagation time

of ultrasonic eSIBpRHRGing ThEEGH aXolihe WRIFALRBEENY Hde be
WO 20041694880 PCTHIR2004/005596h8 velocity of the sample gas

flow by the sectional area (m*) of the conduit through
which the sample gas flows.

20 Methods and apparatuses for measuring the
concentration of a certain gas or the flow velocity of a
sample gas, by using the above principle, on the basis of
the propagation velocity or the propagation time of
ultrasonic waves through the sample gas have been

25 developed. For example, Japanese Unexamined Patent
Publication (Kokai) No. 6-213877 describes an apparatus
for measuring the concentration and the flow rate of a
sample gas by measuring the propagation time of
ultrasonic waves propagating between two ultrasonic

30 transducers opposingly disposed in a conduit through
which the sample gas flows. Further, Japanese Unexamined
Patent Publications (Kokail) No. 7-209265 and No. 8-233718

- describe an apparatus for measuring the concentration of
a certain gas contained in a sample gas by measuring the

35 propagation velocity or propagation time of ultrasonic

waves propagating through a volume with a reflecting type



apparatus including an ultrasonic transducer and an opposingly disposed
reflector. In such a method and an apparatus for measuring the
concentration and the flow rate by using the propagation 5 velocity of the

WaadEaRiE Raves, it is necessary to accurately measure the %%85 i i

time of the ultrasonic waves. However, the3signal generated on the basis
of the received ultrasonic waves always includes noise component,

which makesdifficultip deferming the moment 10 when ulifrasanic waves

are received gx tiie uétjr_%so&lc tr%_ns ucer, Therefore, the propagation time

of ultr8S6NIC Waves is mgl’irec?tﬂ/ esetlmgfeooﬁ'rough a complex signal
processing protettfe oft AP xERardRafRP T xampierJdsaiegelng the
Unexamined Patentith Pabiicaten {Kokaiy Mloe 318644 destrbesrapagation

Emetho@éqfoé‘l%?sLHE“Q:@@r%%@%ﬂ@%fdégésg@cﬂa%@s\é@ﬁ to

the waveform e received ul onic Wavesclis intggrated. After thel
on e

ras ,
e e R e ool tRgsonic
first zeHG-¥REss 20 FHRY Ristaritli§ detSiihcdanehrY SO pabalibh tinfeof of the
the ultrasonicavavestion e ineasivement watre flowlratie sAgedrging to

the me@w@ahggmimﬁéﬁema@% 91&9@@%%‘%%%%?:&9@@55@%@ moment
luctuated even if the amplitude of the received nggs is fluctuated to
i

I
1 en u S0 kg aves dare recelve t yltrasonic
some extent. ﬁere?ore,‘f’he o%talned Zero-Cross e m%tan IS

relatively efosdiethe mahfert it tHe BItREBRRI Hahel dciBisllyfeach.

Howevemﬁhesxdﬁamedaz&re-dr_essm&nsmjat Fesmdhf@aé@ro;pa_gﬁti@m a
time of R yltrasgnic,waves.Jpfarticylag, \when the CBW%”%E&%’!@Q IS
measuied, Jie measyement ear s srongheaffecied by fhe difterence
between t’ﬁe fear bropagatlonatlflr%e dnd TRE Z8F5-crose fime IRstant.

1Eurthef Japafase Uhebépined Paent Pibhedtorfqikekabe9doa method for
60-138d22«estnibes apitapagte:tpastiing 35 deieaponhichwaives in which

envelope gueisceplgulgted gp the hasis gf thewaveform ofthedecgived

ulrasonic waves,  Ihe rig time of the envelope qurye s calculated by an,

waveform reach a predetermined vale, the first zero-cross

20 time instant is determined as the propagation time of the
ultrasonic waves for the measurement of the flow rate.
According toc the method, the timing of the generation of
the zero-cross signal is not fluctuated even if the
amplitude of the received waves is fluctuated to some

25 extent. Therefore, the obtained zero-cross time instant
is relatively close to the moment when the ultrasonic
waves actually reach. However, the obtained zero-cross
time instant is not real propagation time of the
ultragsonic waves. In particular, when the concentration

30 1s measured, the measurement error is strongly affected
by the difference between the real propagation time and
the zero-cross time instant.

Further, Japanese Unexamined Patent Publication

{Kokai) No. 60-138422 describes a flow rate measuring

35 device in which an envelope curve is calculated on the
basis of the waveform of the received ultrasonic waves.
The rise time of the envelope curve is calculated by an



4 approximate equation to estimate the ultrasonic propagation time.
However, a hardware is necessary to sample the received ultrasonic
waves and a complex signal processing is necessary to calculate the
W&wﬂﬁégéﬁlrve 5 based on the sampled waveform. Therefo?g:[é]ggg(f'ﬂf}r{l’a:’%
to the invention of JPP '422, it is difficult-tat provide a compact device with
low cost. Disclosure of the Invention 10 The object of the invention is to

provide.an- 4l aseaic apparatis and meathad for measyring scncentration

and flow rate of

%%, which allow to accurate% rpgagure the concentration

and fIRY PRRSSF g sar%ﬁfré‘?gas W’[‘ﬁ%’ﬁ?ﬁ’co“f‘mp &% s‘?]gﬁé?l p?cs)céiéas(fr?é’ e ?O
an 155EdRAt6enARaraNeRé VAECHHING EPTHE p ERRRE iIfehtiBnCafRre & signal
providedareslirasgnicapparadiss for rmeasafing lhe concentatied apel curve

sflow rage of @ SAMPIG-08anEAMBRNSAge 2HANdUItIRE lawigthesampie ng to
gas; 20.a first ultrasonic trgnEmE;sglggérece@tl%ns(‘:Ig\ilggianu%t%% to the

inside

rovide a

t inyvention o .
olf?he COﬁHUI ;a second ultrasorfic Jfransmlssmn-receptlon dche

mountBaBaRE iNSHa% thé EBndaH t6$&de the first ultrasonic
transmission-reception device; 25 a transmission-reception switch for

switchingsthe. operation moaderaftbefirst,and second ultrasonic

10

" “transmitting u

transmission-receptian devices hetween a transmission mode far
#? gggect og ége e ta i %o vmge an

= ?: ILnvent yon CF gro
rasonic'waves and a reception mo e forr ceving

ultrasoiid FRR/RR 80P RARPE AU Se R @& pbesd e fife EéAduit, for
measusingcieteaperaturedfibewansple gas fimwipgwthrobgh thew to

conduif. the firskuliragonic transmissienrecaption:devige Ueneiptingre of a
forward ultrasonic Wav,etshrelative to the flow 35 dirfction of the,sam

gle
ut, & roOCess NG ng an

sample &5 Wi complLeX sSigna
gas when Ehe‘dgwce IS i e trBnSMISSIGH nfode and enerating
Lpackwaffwaversrn e #@device is in the reception mode on the
basis of the \WE-2004/094960 PG TAIR2AGAH 00D tion, there is

20

25

30

35

provided an ultrasonic apparatus for measuring the
concentration and flow rate of a sample gas, comprising:

a conduit for flowing the sample gas;

a first ultraseonic transmission-reception device
mounted to the inside of the conduit;

a second ultrasonic transmission—recéption device
mounted to the inside of the conduit to face the first
ultrasonic transmission-reception device;

a transmission-reception switch for switching the
operation mode of the first and second ultrasonic
transmission-reception devices between a transmission
mode for transmitting ultrasonic waves and a reception
mode for receiving ultrasonic waves;

a temperature sensor, disposed in the conduit, for
measuring the temperature of the sample gas flowing
through the conduit;

the first ultrasonic transmission-reception device
generating forward ultrasonic waves relative to the flow
direction of the sample gas when the device is in the
transmission mode and generating backward wavefcrm when
the device is in the reception mode on the basis of the



5 received ultrasonic waves generated by the second ultrasonic
transmission-reception device; the second ultrasonic
transmission-reception device generating backward ultrasonic waves

WREILYEhe flow 5 direction of the sample gas when the deVicEFEIHIRE"
transmission mode and generating forwarcdswaveform when the device is
in the reception mode on the basis of the received ultrasonic waves

generaigd.hy; the ﬁ@&rygéﬁ%i%w?éwf%@&t@p dayiceslQmeans
for genfiratlng tr(ljgc(?er slggals. when the forward ang backward waveforms
witrason tr sion-receptlon vige
pass over'a prede erfimed. feve : means?gr gene_ra%ng?or’ward and .
backward zef&er66S Bighald Wi PIhECfoRRARE BAE DeRRWERE SRR/ eI8rgv 1ce
pass auetel s Bizneyodevely prapagaticastmecatadaton aieans;couplecht f£low
the temperaturg-sensoryibetEigger signal geparating means=and the the
zero-cross signal gege@tlcri] rgegns,er?rr(l fr?lcu atér‘]\gdgé)(%vsg{rblgor hen
propa&gt?tﬁws |ﬁ1%sra%ge Sn 36 b S|seofi the &as ?emperature et_ecrtne(y
by the " BMMRFHARE 3Endct, IUEIBAARRAGIVHRIREr S nStRetasesqt the
which fwediisttigget signals, despeetvaly genarated ben the basissaf the
forward and. bagkward- waxgiorms, Colaeidg it eaely otler, (3)

1 Oprocessing the zero-¢cross 25 gi ngéllls SO %f}at the 1phasers1 Sin%i,glg I\{vimﬂe
each other ifn}%%rf‘/sdo Aot ESinGide Wit eacﬁ%{ﬁer,s(gl)gog aining “reference,
zero-cESSF AT iASRINR BYHCHaRY HCAT Y ahFe 8f Hiteforfafd gRgtermined
backwaed-g&ro-cross time instants, (5) obtaining an ultrasonic reception

point by 30 spauacting andaieoral mylinie Af; e Cyelg af dhe dbasoBits_cross
waves so th%tf the resultihof t%e}: subtrdactlog alls.into tclf'e wposes%blg ass over
propagsaftﬁ)zh r%e%ﬁ%et T r‘é@ﬁmaﬁﬁg the %ﬁ‘f“*aasronic %‘f’opé}gaﬁlsorﬁlme

1%n the dazty of ¥e¥ @ltrasonic reception point. 35 Further, according to
another featuse &b dhe tpyantidmdhera soprovided asmeibodaiupeasurtrg the
the copggpuration of sample gasdiawing frouoha eRdUle nerating means

and the zero-cross signal generating means, for (1)

wn

calculating a possible propagation time range on the

20 basis of the gas temperature detected by the temperature
sensor, (2) determining whether or not the phases at
which two f£irst triggér signals, respectively generated
on the basis of the forward and backward waveforms,
coincide with each other, (3) processing the zero-cross

25 signals so that the phases coincide with each other if
they do not coincide with each other, (4) obtaining
reference zero-cross time instant by calculating mean
value of the forward and backward zero-cross time
instants, (5) obtaining an ultrasonic reception point by

30 subtracting an integral multiple of the cycle of the
ultrasenic waves so that the results of the subtraction
falls into the possible propagation time range and (6)
estimating the ultrasonic propagation time on the basis
of the ultrasonic reception point.

35 Further, according to another feature of the
invention, there is provided a method of measuring the
concentration of sample gas flowing through a conduit,



WO 2004/094960 PCT/JP2004/005590 6 comprising the steps of:
generating forward ultrasonic waves relative to the flow direction of the
sample gas; generating backward ultrasonic waves relative tg the 5 flow
W&@&{B#Wthe sample gas; measuring the temperature of t%%%‘é’r%“é‘ éo?g%gﬁ
flowing through the conduit; generating 4rigger signals when the forward

and backward waveforms pass over a predetermined level; 10 generating

forward apgl-backwarg, zerQ:-grosssignals when the forward and backward
waveforms pass over a zerg level; calculating a,possible pro tjon time
range on thegﬁggf;saéfﬁﬁ% g%%rt‘éﬁﬁ?er %f@afglgét%dwﬁy 4gffegrgge%rﬁ l?reglo che
15 serfsorwdeietafitingrwindtheher seRiHe plasds at which two first

trigger signalgefespeciivelyogenaraiell ondhe shadis ofdhe fonvardwinge to the

backward wayefarms, Goingide ,with Eﬁ.&g{botggg;go processing the
Zero-cross si&}%als so that the phases coincide \gittéﬁaach othttir if they .
not coincide VRS BRERBEF obtAIRF A 1Efen2e Z6to-¢138e fﬁqeqﬁﬁsstargowmg
by calthkewgimehs viue bf the forward and backward zero- 25 cross
time instantsgehtairingran ylirbgeeic recepiion paverbyt isebfractingdannd
integral myliple;ot fhe.aycle of e Jlggonic WanesS0.thal 1R regits of
lOthelsub_tractlon falls into th% ossible Fl[lo %%aat on tzlf eran g;cg_nggos  anals
estimating thg?ﬁﬁﬁgécﬁi%%r §5§1§’tlron e 6T he Basi of the Uftrasohic?
receptiohgpoinf e frieta aEcamih P e BHster féyRfe o th@aRve MG, & zero
there ig gy@vigded an oxygen concentration system for generating an

oxygen enricggq(ggfaggg@rgirﬁ%gg B YIRNCNCENAIONAPRARILS o the

for generating an oxygen enric as by adsorbing nitrogen to remove
theg basisgof thgggas tempeé&tufé detected géJt g temperature

i

15 sensor;

determining whether or not the phases at which two
first trigger signals, respectively generated on the
basis of the forward and backward waveforms, ccincide
with each other;

20 processing the zero-cross signals so that the phases
coincide with each other if they do not coincide with
eéch other;

obtaining reference zero-cross time instant by
calculating'mean value of the forward and backward zero-

25 cross time instants;

obtaining an ultrasonic reception peoint by
subtracting an integral multiple of the cycle of the
ultrasonic waves so that the results of the subtraction
falls into the possible propagation time range; and

30 estimating the ultrasonic propagation time on the
basis of the ultrasonic reception point.

Further, according to another feature of the
invention, there is provided an oxygen concentration
system for generating an oxygen enriched gas, comprising

35 an oxygen concentration apparatus for generating an
oxygen enriched gas by adsorbing nitrogen to remove the
nitrogen from the air; and



nitrogen from the air; and WO 2004/094960 PCT/JP2004/005590 7 an
ultrasonic apparatus for measuring the concentration of the oxygen in the
oxygen enriched gas and flow rate of the oxygen enriched gas, the )

Wlﬂtﬁ%?ﬁ%%ﬁpparatus comprising; 5 a conduit for receiving a ‘&%Wfﬁﬁ“tﬁé”“
oxygen enriched gas; a first ultrasonic tranismission-reception device
mounted to the inside of the conduit; a second ultrasonic

transmissionygcepuiqn deyice 10 meynted togheqaside,of the gopduit to
face the first ultrasqnic tg%]sﬁrgls&on-receptlon
C

evice; a ,
transm?gsrfgﬁ-?éggﬁt?gr? ) Gr SkHEMRgthe %ﬁe%‘%i%ﬂerﬁoag%??ﬁ’gﬁrsqas .
and setBAdiirEsaRiectrafsmissionyaeaptordelieds petwesh@ ultrasonic
transmagsiar 4 bumodentpr iransitting ultrasonic waves and a reception

gnode for recgVingLulirasoRIC-WAKES: ;3 I§BPSEUUE 8GNSEY HiRPoseddB
the conduit, for measuring the temperature of the oxygen enriched gas
flowingafh%ﬁgﬁe#:g%%hduit; 20 the first ultrasonic transmission-reception
device genefatitoRwEF Bt FdRTC WadBS Pk R0 TFE ABk. efrefrice
of the aoygeredntichedh gasveliee thef deiee driddle fransmission mode

and generating ackward, waveform when HNedewics s I IG.1eceptiny i ce

ode on the basis of 25 the received. ultrasonic waves generated hy the.
10;neconén Ou%%&?ni%?récr%éefnférsllsblrlc-?reec%c%)ti%%ede(\:/?cne;‘fﬁe s620nd Utr&: &nif irst

transmisSsiGi-FEEEStioTF B §IeES §éperatpietitckvardaNtasonic waves
relative to thesflew zelisedtion ohthesoxygeinenschact gas sthaiwthe-gavige the

is 30 inghe-transimission made. aad geperatingsforward wayeform when

the de\gce iS in,the,recegtion mode Oé] the basi?gof the received ultrasonic

waves GeReFAEE By The it i3 8o Rt R REDRS R eptibh YAt s 1on
LimeanseFgeferatiripRRfier sighals wherstha 35 foritesd and vackereation

wavefatimsepazs-overca prédetenhinatonic waves;

a temperature sensor, disposed in the conduit, for
measuring the temperature of the oxygen enriched gas
flowing through the conduit;

20 the first ultrasonic transmission-reception device
generating forward ultrasonic waves relative to the flow
direction of the oxygen enriched gas when the device is
in the transmission mode and generating backward waveform
when the device is in the reception mode on the basis of

25 the received ultrasonic waves generated by the second
ultrasonic transmission-reception device:

the second ultrasonic transmission-reception device
generating backward ultrasonic waves relative tc the flow
direction of the oxygen enriched gas when the device is

30 in the transmission mode and generating forward waveform
when the device is in the reception mode on the basis of
the received ultrasonic waves generated by the first
ultrasonic transmission-reception device;

means for generating trigger signals when the

35 forwvard and backward waveforms pass over a predetermined
level;

means for generating forward and backward zero-cross



level; means for generating forward and backward zero-cross WO
2004/094960 PCT/JP2004/005590 8 signals when the forward and
backward waveforms pass over a zero level; propagation time calculation
WHEAHE8tbled to the temperature sensor, the trigger signafFgEREFAtGS
means 5 and the zero-cross signal generating means, for (1) calculating a
possible propagation time range on the basis of the gas temperature
deteciad Ry 18C IRERSIALTS IRARAN, (A ISSmING e L ONE s over
phases at Whlgh two first trigger signals, respectively generated 10 on the
basisof 1i& forWard dnd backward waveforms, coincide with each other,
(3) processiRg IR F&FG-2P04s Mg FAlS Solthhi e PRASEs coinerieditho the
each o#irgraf dhey dogeotenincidravity eagh pthargidlokiaining veferansens
5 Zero-gragsidinae instantby calculating mean1s value ofthe forward ang
backwar ZEro:Cross a’flm% msE1 nés, 5) obtainin an ultrasonic rece tIOrI;’I
point %‘33/ (s:ﬁbtraé'tlr?g anﬁ’nt‘cé%}a muﬁlp & oPthe }?cle B the Af8sEhictne
wave8adihaPthe RS M3 D tRBRYBHEEEEN SRNSFHOIhBpJRfIEemperature
propasEtisnttime 2ange aach(b) Phce stitpatieg-theruliiasonitepisipagasiont
time gmiha.bags ehitheulirasopicreception points EYIDE ACCOTdINGd0, L ed
another fe%ture%of the n%ventlon there |§ provided %n oxygen
concéhtrarion )a/‘étgé?n for é‘é‘ﬁergﬂﬁ‘(j'% of%% &ff deg‘é{?,v (‘?&‘ﬁf}ﬂgihg:
25 ancedRfecconterirtivthadratus fot lgePerafsd AnJokygerr eRtchedss
gas by agiselkingaittagen th¢emiowedbecpimgendramdheaisansk-arr 1f

ultrasppic, appArails (98 feagwring he congcegirgion of fhe 8%¥Q%%‘?1H‘e
oxygerne%grrlched gas 30 and flow rate of theé')I?gen enriched gas, the

ultrasbRic® BpPEFatis TOnEsing “aLontli 18 fowingait BBjetive GdLean
15the cHAesstr@iort BEWHREIVRI S 3O fhéstire@ra e IMrasess time
transmisstamiscepi®dn dddedning an ultrasonic reception point by

subtracting an integral multiple of the cycle of the

10

ultrasonic waves so that the results of the subtraction
falls into the pessible propagation time range and (6)

20 estimating the ultrasonic propagation time on the basis
of the ultrasonic reception point.

Purther, according to another feature of the
invention, there is provided an oxvgen concentration
system for generating an oxygen enriched gas, comprising:

25 an oxygen concentration apparatus for generating an
oxygen enriched gas by adsorbing nitrogen to remove the
nitrogen from the air:; and

an ultrasonic apparatus for measuring the
concentration of the oxygen in the oxygen enriched gas

30 and flow rate of the oxygen enriched gas, the ultrasonic
apparatus comprising:

a conduit for flowing an objective gas, the
concentration of which is to be measured;

a first ultrasonic transmission-reception device

35 mounted to the inside of the conduit:

a second ultrasonic transmission-reception device

mounted to the inside of the conduit to face the first



[o)

i0

—
{71

20

30

35

35 mounted to the inside of the conduit; a second ultrasonic
transmission-reception device mounted to the inside of the conduit to face
the first - 9 - ultrasonic transmission-receptien device; the conduit includes
a straight potion and perpendicular portions perpendicularly connected to
the ends of the straight portion; 5 the first and second ultrasonic
trapsmissien-ireceptiendevices are disposedin thevperpendicular

portions to,fzce the,ends ofthe siaioht partiar; and g disange between

the first and second ultrasonic transmission-reception devices and the
reS|FadtivE Endls ot 116 e Str&ighPSSTiBR OF e condlitSitiRRfing the © £
foltavwdng selatibr. O<D<fi2/Ct wheré:iDnthe distance (m) between the first

and second 15 ulttasonpic {ransmisgion-repgption;devices,and the on-
respective ends of the straight portion f: frequenc hOf the uItrasgnic aves

in e SAmpR gdES THIFF inhiet raditR ot the 5‘:“6%(%&3 (M) 26 T Vefocity of
theoultrasonic Wwavesma/set) Brief Deséription oftthe Drawifgs Figtire 138¢

a schematicdiagraps at-an pxygenr coneentration-apparatus-ascordingthg onic
invention; 25 Figure 215 a schematic,diagram of an Yllrasonic. 2pPaIatis 5o o ¢
of the“vention: |gu‘"r%%%) ISa waveform based on the receﬁled
ultidsoniciwaves: Figure B3R is &t ehlafgsd Mastrdtiohiéra poitih 30%f
therwavefermeshewnsinikigure 3A; Figure 4 is an illustration showing the
ultrasonic waveform with the triggerosg%r@§af@ the zero-cross signals;

Figure 5 is a graph showing the relation between the 35 velocity of the
ultFasBAR‘waves and the temperature;

D: the distance (m) between the first and second
ultrasonic transmission-reception devices and the
the

respective ends traight portion

of s

f: frequency of the ultrasonic waves in the sample gas
(Hz)

r: inner radius of the conduit {(m)

C: velocity of the ultrasonic waves (m/sec)

Brief Description of the Drawings

Figure 1 1s a schematic diagram of arn oxygen
concentration apparatus according the invention;

Figure 2 is a schematic diagram of an ultrasonic
apparatus of the invention;

Figure 3A is a waveform based on the received
ultrasonic waves;

Figure 3B is an enlarged illustration of a portion
of the waveform shown in Figure 3A4;

Figure 4 is an illustration showing the ultrasonic
waveform with the trigger signals and the zerc-cross
signals;

Figure 5 is a graph showing the relation between the
velocity of the ultrasonic waves and the temperature;

Figure 6 is an i1llustration showing forward ana

backward ultrasonic waveforms in case that the phases, at



Figure 6 is an illustration showing forward and backward ultrasonic
waveforms in case that the phases, at WO 2004/094960
PCT/JP2004/005590 - 10 which the trigger signals are generated,
VEMkagRith each other; Figure 7 is an illustration similar 16 SHAFA04/003590
Figure 6 in case that the phases do not-coircide with 5 each other; Figure
8 is an illustration similar to that of Figure 6 in case that the phases do not

coindds Vi each ol HOWEA 1 80 £X0gARAINSIRR AR, wicn

explainin%hthe way for o e zero-cross time instant with an
assum?) 1oNn tﬁ%??ﬁté'sample gas isin stationary state; Figure 10 is an

explanatory iféstvatfory fokSerplaimag siie aicor obHinRg the dirasorit
receptionydbepaint Figureslt isia secdopof dhe ulitasonic appataiys with
saccording o ggggp’r embodiment of the invention; Figure 12 is an
explanatory illystration_for explaining the sound field formed at the front of
an 20 uItrasgﬁigW%\%s%uégr;%igﬁl UP5 ERbaRTespemértal Fedtid ot
ultrasdhi@ WWavéfols GEn Were cHtaireerise andppeestusoimigdee wWilzh
Figures defhslaang £xperimental results of ultrasonic 25 waveforms which

were obtaineg y,al appatatls of Figure, - and higures,13 Shows:

[ [ Its It forms which were obtained by an
G R S FOE. 3830 Bod Mo dE 16 Canine S uAREdroBn Fame

preferredsérmbddifidnit Githapesestiplenbert wilh e dBscribethBelowv. 3
the embeogitmentdesertackbelow, a sample gas is composed of a mixture

ofoxygenangigure 10 is an exXplanatory illustration for
explaining the way for obtaining the ultrasonic reception
15 point;
Figure 11 is a section of the ultrasonic apparatus
according to another embodiment of the invention:
Figure 12 1s an explanatory illustration for
explaining the sound field formed at the front of an
20 ultrasonic transdcucer;
Figures 13 shows experimental results of ultrasonic
waveforms which were obtaihed by an apparatus of Figure

11;
Figures 14 shows experimental results of ultrasonic
25 waveforms which were obtained by an apparatus of Figure
11; and

Figures 15 shows experimental results of ultrasonic
waveforms which were obtained by an apparatus of Figure

11,
30
Best Mode for Carrying out the Invention
A preferred embodiment of the present invention will
be described below. In the embodiment described below, a
sample gas is composed of a mixture of oxygen and
35 nitrogen. However, the measurable sample gas is not

limited to a sample gas of oxygen and nitrogen and the
present invention can be supplied to a mixture including



35 nitrogen. However, the measurable sample gas is not limited to a
sample gas of oxygen and nitrogen and the present invention can be

su?%hed to a mixture including WO 2004/094960 PCT/JP2004/005590 -

HBUEP gas. Figure 1 shows a schematic diagram of ant§xyfefi+/0es590

concentration system having an ultrasonic gas concentration and flow
rate measuring apparatus according 5 to a preferred embodiment of the
present.iqvgption.. Lhe apparatus 100 includes an oxygen concentration
apparatus 102 which roduces an oxygen enriched gas by removing

nitrogen fror H& Bt p?)kﬁgﬁsoyaa% £d6r dHAHER RE Ritsivsen
the systeraehtothiatiltey $06m 10aVha oxggen br¥iehed Yasymdduced by

the oxygeps«oneeoiiaiion apparatkisrkid issslnliedny apphesonic according
Sapparglgs 200 gt Q}%—BE?S&I%HH/ %'19@ tQEO%‘E—heaé@a\é dﬂ@ §q§yggt({eélﬁce

108, such as agressure reduction valve. The pro ucea oxygen enric hed

gas is then sUpPliEBAER A isel 8r érb%]tfé‘ﬁ?ﬁlrﬁﬁgﬁ’ﬁ’ﬁﬁﬁu%?Bﬁefﬁt*e’Fatmn
110. TeBx§EEA cbhéeriraibn RPPArSRS iACluGES 2l FaltiCofsh gmhsPy

~ (not shews) fatpacotagdating onitrogensadsoshertisuch as azenditgy B ssor
piping gy stemfNalshoymdagyding cprduisfordiracting %'Be 20z lter 106.

compressed air from the com%ressor 104. to e%ch of the pluralit

O T Rl G ar G T S GEE i chit TSR the
columASRE & flatvireie aRRANG Hevick) 208 anduriMdsthotshawr)ltrasonic

disposgsiigrtheupiping swsteﬂm&)rg&@@@welmpeﬂmm&ﬁmmtr@ 230w
conduiis sg that ihe, d%&e@f@&c%@'” 3&&'}10'%% ”ﬂ% staeddﬁPéQion

nitrogen to produce the oxygen enriche as and the a sor

contaifi@a Y the Bﬂ‘f’er% ﬁ%dré?ééf%?hgﬁaé&tb%‘a ﬁﬁ%géﬁ fBPfHé supplied
13regenératisnusfabe oadgorbeht. SC-withrefarbnee o Fipwreipnthéilter 110.

ultrasonic apprEatysy3ed: of $ir prasent iaveniiorfos measiingthes a

concenygtian apd e flow e OF A3ample,gas Vel pe deggrined beloy-
nitrogen adsorbent such as a zecolite, a piping system
(not shown) including conduits for directing the

20 compressed air from the compressor 104.to each of the
plurality of columns and for directing the produced
oxygen'enriched gas from the columns to the flow rate
setting device 108 and valves (not shown) disposed in the
piping system for selectively opening and closing the

25 conduits so that the adsorbent contained in one of the
columns adsorbs nitrogen to produce the oxygen enriched
gas and the adsorbent contained in the octher columns
release the adsorbed nitrogen for the regeneration of the
adsorbent.

30 With reference to Figure 2, the ultrasonic apparatus
200 of the present invention for measuring the
concentration and the flow rate of a sample gas will be
described below.

The gas concentration and flow rate measuring

35 apparatus 200 includes a conduit 202 for flowing a sample
gas or the oxygen enriched gas produced by the oxygen
concentration apparatus 102. The conduit 202 has a
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The gas concentration and flow rate measuring 35 apparatus 200 includes
a conduit 202 for flowing a sample gas or the oxygen enriched gas

roduced b(g the oxygen concentration apparatus 102. The condui;[} 2025{;%

BUNI8%004/094960 PCT/IP2004/005590 - 12 straight'Sortibn 08>

and perpendicular portions 204 and 206 déhnected to the ends of the
straight portion. The straight portion 208 comprises a conduit member
havingsa -gifcilar section,{he giameterof,which doesnotehangsss5204 and
along the Iongrl;[udlr}:alngs. A&rst ultéasonéc L_rgnsd%cer.z 8, providing a

. 6 C Pec ed to the ends of. & F %ﬁl €. q;t%o . The
first ulfrasonic “transmission-reception device, is fixeéaly B_row edaran®
end of¥h&EdASide FAIRE SPRAIGHHIEBRIARE 8 SecePR blifadbpiber having a

transducerd22 rpesaviding @, setanditlirasonic HE transatissiopgeseptiahanges

sdevice, is fixedlyneunteddodng .other and ofithe inside of the staight

portio&%g% tg @ecet ?Jirst lélggfgnic tr%n%diurce{ 2u ﬁl%t IS . .

embodiment, tlﬁe (fis ancé tgjetwgenltﬁ% first and secon lf'lf)rasonic'
transdGEERSIS sharr2e SR ePEd 1§ 8Ll propagatithdeHgr oy s at an
perperdiculaf pontton. 264 ddispdsediat she aupgite gre sideorelativeit@atheecond

flow ditectionsefthe gas theuatrtheconduit?02has an flebpart Z0dasonic

e oxgen concentialon appaiatus 10213 conpegie ohre 20 letpart
e

miss vice,

204a as a sampsle gas source 21- throuéLh a’stpply’con it ﬂ%u
perperftfi€§ar PoftiH 206 8dispESEF af the Nviridifeh SiRoFiafe 898 to
the roWa:&@cetim dfﬂhetgaslﬂmmghﬂbemndmﬂm h&sgan ootlet:park
206a teyhigh ge-the predugtian filtee 11Q45,60Ane¢{edsArst and second
transmlslst{on-recepthcn swﬂgh 224 is coglnecga t202 the first fand s%cond
ultrasohic transducers 218 and 222. 2'I]'he ?r%nsm|ssi6r%-r58e5t{orneswﬁ8h 2

1924 indade o BwWARRES #héoperation mode of the first and second

30 ultrasonic Tenseeepesn218ahsalr?2 29 betweer? adranbivissoad nade e
which thefirst ghdsegonddilifasqricdeansauiceis, 218 apd 222 1rasite gas

m”asogﬁigﬁg strgi%g%§ﬁ¥%H502, has an inlet port 204a. The

oxygen concentration apparatus 102 is connected to the

20 inlet port 204a as a sample gas source 212 through a

supply conduit 210.

The perpendicular portion 206, dispcsed at the
downstream side relative to the flow direction of the gas
through the conduit 202, has an outlet port 206a to which

25 the production filter 110 is connected.

30

A transmission-reception switch 224 is connected to
the first and second ultrasonic transducers 218 and 222.
The transmission-reception switch 224 independently
switches the operation mode of the f£irst and second
ultrasonic transducers 218 and 222 between a transmission
mede in which the £first and second ultrasonic transducers
218 and 222 transmit ultrasonic waves and a reception
mode in which the first and second ultrasonic transducers
218 and 222 receive the ultrasonic waves. The

35 transmission-reception switch 224 is connected to a

microcomputer 226 so that the switching operation of
transmission-reception switch 224 is controlled by the



mode in which the first and second ultrasonic transducers 218 and 222
receive the ultrasonic waves. The 35 transmission-reception switch 224 is

connected to a microcomputer 226 so that the switching operation of

WELHUAHLEIEh- -reception switch 224 is controlled by the WO o0/ ESHGRE>

PCT/JP2004/005590 - 13 microcompuiet 226. Temperature sensors 216

and 220, for measuring the temperature of the gas flowing through the
condqqi%cg;‘%glgggsgg preferably in the perpendicular portions 204 5
t th

and 206 so tha
The temperaTﬁrnép

do not disturb the flow in the_ strai ortion 208.
R AT AP EUindALa i heaser iy the

microdGiipaer 2262 |® thisheommectibkeifithg chiaﬁ@éghn whe ternperdittre? 02,
of the asamplesgas ésismad f eplyane ahthentenperpiine isenbers 30216008 204

5220 mQM&JGzG'@pQée@hétdf&\&% 2@0@9@%&@@%%%%@8&“% the
uItrasonlc tra ducers 218 a g Bn 'ﬁ{‘ﬁero cross detection circuit 230 for
ts o

detect?ngr 7&1%° Er(%%ﬁtfﬁé’ Bin

SRR Ao the iRPEAT ARCES

15 ultré3BnRrFasSInass 4 stand-Re2ma aisptapwie2342 36r- indicatinlyl s
for examaphe ¢he @perating nendiiengfsthimdeviee 208mththere of the

measyement results and memory ¢3¢ eludiag aRonvalalle JEMONensors

10

deV|ce adlsczz% V|cef storing the peration system for the
mlcrocgﬁpﬁtlér Qa i% g

2764 %/a?

fneters are connected to the

microcomputir 925V %e%ﬁerﬁﬁén@f e ultragemi€ EsAsePaticieandd
flow raie feeasiiring appadus 200 of 1he piesernz emboghrentwakbe

descrigged belaw 23 AA-33Mpl6, g3s (9L eéé@@é%%&’%’&?&-’&'%gsn&%
mixture the mixture [gatlo of which js ﬁ{lj?P )(0<P<I), is suegglled to the

conduit 202* At Fh&

Bt IBMPRrAtitls SFthe ddnplegss SRECN

13measutedispelterhperRORe S8 G52 Ba18nd 220 andithRoAranWElge 234
30 theenf is sinrestdn:tge Memosk 2R3 s, a teferenes: demperavre To(Kh of
Accon@ggtgé@qggn@qﬁngﬁg,QE% measurement results and memory 232

20

25

30

35

including a nonvolatile memory device or a disc device
for storing the operation system for the microcomputer
226 and various parameters are connected to the
microcomputer 226.

The operation of the ultrasonic concentration and
flow rate measuring apparatus 200 of the present
embodiment will be described below.

A sample gas, for example an oxygen-nitrogen ¢as
mixture the mixture ratio of which is P:(1-P)(0sP<l), is

supplied to the conduit 202. At that time, the
temperatures of the sample gas are measured by the
temperature sensors 216 and 220 and the mean value
thereof is stored in the memory 232 as a reference
temperature T,(K). According to the embodiment, the
working temperature range of the system 100 is preferably
selected, for example 5-35 Celsius degrees.

During the supply of the sample gas, pulses for
generating the ultrascnic waves are transmitted to the
driver 228 from the microcomputer 226. &A pulse voltage
is supplied to the first ultrasonic transducer 218 from



working temperature range of the system 100 is preferably selected, for
example 5-35 Celsius degrees. During the supply of the sample gas,

Wpulses for 35 generating the ultrasonic waves are transmitted to the
G om the microcomputer 226. A pulse voltage is §Sﬁb’r’r’é&i‘}#§’?ﬁ%’“
first ultrasonic transducer 218 from WG 2004494960
PCT/JP2004/005590 - 14 the driver 228 through the
transw'@@.i-f%%ptmsw&%u%%4-%zﬂﬁsgtygﬁa%ogﬁlieyaf;feeg%%% switch
generates ulfrasonic waves correspanding to the pulse valtage. The
g s e L A T
propaghte #FOUER (Na%eim PRI GRSRORIER thrbBghhtRe Rirafgntorieqe -  The
208 ofilheresnduit 202wyl rageeeiwedlyy thessetionekultraserisonic

5 ransqucel 2% . the %?98;&&%@%@”'91&%&%%8?%Qﬁ@féaf«?a?zsﬂrf lowing
e'ec”'cgs' ”agc‘)”es'o%”re!”gt% tne fecelve H%“%SP”{%%‘JCW%ES‘O W8, ana
microcomputer ﬁlgtﬁ"rough Re tPsrticgion- eception SWIREK 324 ghef
the ze¥becroSs BeYEStidYcitdfit PP The hicF6EOmbaterE EaIEaates 2 -
the forward: goropagatian irwntsd (segrarthechasig Of gaséinetwheanthe

transrgified. pylses are genesatedodhe driyver 228xk> apddhe dme whbelsonic
the electric sqgaltlg E(e}%elved from g(_[le S%%%ﬁdt Itrasoglct%%nscdrucer 222
SW

Then,“{ﬁ‘e”:‘[rsan'smiSS|on-fLeccre°chfi%zﬁpsl%/V|?clf1 itches “the Gpera |E>‘1rslnr1r3foS el Onf
of the TRSEMHrEIBNRV ARSIt 2 fiehf (R FANSHASSOAMEHE e Lrcuit
recepticn modaeght 20 @ftanthe etectié signad froamt dre séeorfcbulteasdnic
transducer 22243 daceived and alse svdtchesdhg eperajenynade ohéhehen
secondlirasonc transducer 222. om the eceplion modedg e o 520
transmisSion mode. Sreafter, BuISés fc?r‘generraﬁng e tltrasonic

L3wave$2s drBerdnshittEaas the ArRerPPBiforf 18 IricideorRFdeY efod rom

A pulsﬁz\wlmgﬁ:hscsumﬂiedstodlne secanddubiasopiztransducer 222 from

the driver 228,through the, teansmission-eceplion suitch,A24: T hesecond: ches

ultrasonic transducer 222 %enerates ultrasonic Wfé/es correspondin

30
t0 the TS BOTATE O ARFSIC Ravo S50 rBAStAGOnc Eranstucer 218

from the transmission mode to the reception mode right

10

29 after the electric signal from the second ultrasonic
transducer 222 is received and also switches the
operation mode of the second ultrasonic transducer 222
from the reception mode to the transmission mode.
Thersafter, pulses for generating the ultrasonic waves

25 are transmitted to the driver 228 from the microcomputer
226. A pulse voltage is supplied to the second
ultrasonic transducer 222 from the driver 228 through the
transmission~reception switch 224. The second ultrasonic
transducer 222 generates ultrasonic waves corresponding

30 to the pulse voltage. The ultrasonic waves are received
by the first ultrasonic transducer 218. The first
ultrasonic transducer 218 generates an electric signal
corresponding to the received ultrasonic waves to the
microcomputer 226 through the transmission-reception

35 switch 224 and the zero-cross detection circuit 230. The
microcomputer 226 calculates the backward propagation
time t,(sec) on the basis of the time when the
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by the first ultrasonic transducer 218. The first ultrasonic transducer 218
generates an electric signal corresponding to the received ultrasonic
waves to the microcomputer 226 throughihe transmission-reception 35
switch 224 and the zero-cross detection circuit 230. The microcomputer
226 calculates the backward propagation time ts2(sec) on the basis of the
timerwhemthe;e&Spmamit@dqot@marﬁwemtedﬁe the dviver 228 aadad
thecttg ewhien ihe.electic signaljs teceived fram the MrSLUlTASORIE ¢ he

transducer 218. By obtaining the mean value of ts1 and ts2, the 5
affeétﬁtoﬁh%?waﬂﬁtets%ﬁﬁlg“b%%rln%I]ré conduit 202 can be
removed.Brhecbltrasonicpropagateartive Isum the statienaty lsamplengas

is defined by follgwing, equation {4). SRIS1AS2) £ 52 4)i10 The conduit
microcomputer 226 then c(glcul es th ultrasonic Prope atlop veIOC|ty ‘
Cs{isety throtigh The <t Onapi}‘gar‘h e §as by floi ég quat%o%ﬂ(S me ts in
Csths/ts L a(5) Thercorcaniration of oX_\Fgeiifilﬁé« Tsebtainebrgy 28 f6libwing
equation: (6).onthe basis of equations (1) and (2). Ps=(KRTS/CS2- MN2)

/ (MO2-MN2) ... (6) Further, the c ncen ratonzof oxygen in the sample

can be obtained as a ratio of the ultr%\]songi% propa ation 20 velocity in the

sample gadand e OFERBHICPropagaticEvel66ities i 60 tetoxyger asonic

ga@aegé.@é)‘a/whmtr@gemgaﬁ CEhat/iscthe ultrasonic: propagatien vetocity
g& ec) teg]lpeﬁ%eg 3(@&95%%10%/ of oxygen gas and the

uItras

ohic propagation velocity CN2(m/sec) at temperature 25 Ts(K)
through 100% of nitrogen gas ca eIe%@'ﬂ%/ obtaied by using equation
(). Thus, Ps=camwbe zatctdatéd hyo followingeequation (Dvith-thed by

ult@e@ﬂ'&pt e&yet?cmsps&m/se%tttrgge@ thesample-9as:s (1) and

/CsZ 1/ / (1/C0O22-1/CN22) ... (7) 30 Such calculations are
conducted by the microcomputer
Pg=(KRTe/Cs’~Myz) / (Mop—Muz) ... {6)

Further, the concentration of oxygen in the sample
can be obtained as a ratio of the ultrasonic propagation
velocity in the sample gas and the ultrasonic propagation
velocities in 100% of oxvgen gas and 100% of nitrogen gas.
That is, the ultrasonic propagation velocity Cez{m/sec) at
temperature Tg(K) through 100% of oxygen gas and the
ultrascnic propagation velccity Cxe{m/sec) at temperature
T (K) through 100% of nitrogen gas can be easily obtained
by using egquation (1). Thus, Ps can be calculated by
following eguation (7) with the ultrasonic propagation
velocity Cs(m/sec) through the sample gas.

=(1/Cs®~1/Cxe®) / (1/Co"=1/Cxa®) ... (T)

Such calculations are conducted by the microcomputerxr
126, and the results are indicated by the display unit
234.

Next, the explanation will be directed to a method
of obtaining te and te. In this connection, the moment
when the first or second ultrasonic transducer 218 or 222

transmits the ultrasonlc waves 1s referred to as an



126, and the results are indicated by the display unit 234. Next, the
explanation will be directed to a method of obtaining ts1 and ts2. In this
connection, the moment 35 when the first or second ultrasonic transducer
W?l%'oé@ﬁ%z{ransmlts the ultrasonic waves is referred to as o 80”)”
2004/094960 PCT/JP2004/005590 - 16 dmission time and the moment
when the first or second ultrasonic transducer 218 or 222 receives the

ulrasqis J424es IfRleRe 1005 ALHUIASIPIRECORIORRAIR! B the cond

present application. 5 3A shows atyp ultrasqnic wayefor

receivdd 8%%85 ’t’é:refzg‘é &Se%g?s SEhY 8ﬁla?\é' rgi"lé?ﬁonl c
portiorva¥ e W&véﬁ)ﬁﬁfsﬁ@whcb)ﬁélr(ﬁé EB‘CAQ%‘P\%W B FRpiresBpahat in
3B, the neavefewahicluges ia yatieus noise components which make

sdifficult to deﬁ%&u@ethﬁu'gﬂé%'car 992%39% POH‘EQéQ%HHEaW% YAMES

propagating. through the sample erefore, according to the resent
ot O g S T o e

zero- c%@?ﬁrﬁé“iﬁ@t‘én@@f FheaFaieforminvien ¥ a8etiqss fepwhe by circle
amplitade of the thavaveiormisuiicientyinoieaseas, to-ae extentt Eomnthiac ludes
purposg, t&'a% %%ﬁ% fﬁ%&%ge@&ﬁﬁ&{-‘éwg %ﬁ@x@ﬁ'%@é@ dz? %ﬁ%%%% to detect
compar or a trigger com ara or efrerrin ure eflr e
compaﬁ‘gﬁ)r aé{]ﬁt‘pu q[ﬁgﬁ%?s%na?s sPPid} %gbr%lolcro%ompu & é‘g%zd’ ves
when BeaRavSfolmoL ARIY DatBEs 3FEPADrédsternihed RARTeFh@ccording
Zero-CcrassteCRiNpaiehauinis aczein.crose sigraldeidadheeception point

MmicrocogRILes G20NG (e bAYC M PWAIEL.RIRERS AUGINEANIGn . of
level. The mlcrocol%lg_guter 226 determines e%ch of the zero-cross sEq of he

Zci as 555 YBRERIE taGRstat AREPHSr<f bigderdignar Bt
1 Jeceiveth b9 ivemigricompaiet D6l Prsfeaalsly, the #RicRodafputerPp this
determinesfiest fhregszerorerossosignals.as tiisifo ¢hird Zer0-erussitibBudes a

instants Z61. 762 aNd4Ga-30 Jhesnieryakhetyeen sach otthe:

Zero-cross time
Referring to Figure 4, the trigger comparator

cutputs a trigger signals S, to the microcomputer 226

20 when the waveform upwardly passes over a predetermined
level. The zero-cross comparator outputs a z2ero-cross
signal 7 tb the microcomputer 226 when the waveform
upwardly passes over the zero level. The microcomputer
226 determines each of the zero-cross signals Z_, as a

25 zero-cross time instant after the first trigger signal
g,, 1s received by the microcomputer 226. Preferably,
the microcomputer 226 determines first three zero-cross
signals as first to third zero-cross time instants 2.,
2., and 2.

30 The interval between each of the zero-cross time
instants theoretically corresponds teo the cycle of the
ultrasonic waves., Therefore, the ultrasonic reception
point can be estimated by tracing back from the fist
zero-crogs time instant Z,, along the time axis by an

35 integral multiple of the cycle of the ultrasonic waves
and therefore, the propagation time can be estimated by
subtracting the emission time and an integral multiple of



instants theoretically corresponds to the cycle of the ultrasonic waves.
Therefore, the ultrasonic reception point can be estimated by tracing back

from the l:iSt zero-cross time instant Zcl along the time axis by an 35 et
WREYHPREiple of the cycle of the ultrasonic waves and th&fefofa {8552

propagation time can be estimated by subtracting the emission time and
an integral multiple of WO 2004/094960 PCT/JP2004/005590 - 17 the

cycle afifbedifteasonie Waues TPl agaRiE s ECePHORIOINL ASisonic

described above, the v.elct)city of ultrasonic waves C(m/sec) propagating
eception point. .

througﬁ 4 St |onar)Pgas_ IS5 presented by equation (1). For example, the

velocity of ufrisBRREATARESTFHBAYA a plife NiErbBehgaat 23 tEaRplc waves

degrees(is/34%:] misepaghd the velooiygdf eltraisenicowavgs arsugh a

pure oxygen gasatp Gelsius dagrees. is 326:6 py/sepiEherefre, @i d0ity of
Celsius %0 des%rees, the veIo%iIt,}r/fof ultrasonic waves through an
u ra nic o [ e

oxygen-nitrogen égsvrﬁx%sre S Wit inatt%ur%gendf 338 togig.lar%/szeoc.

Figure &°isSa BPasteSiGRmgithe’ tlatiof Iitfeef e YRR AU HsGHic
wavesahcrthgogas termpesatung omalihichrthe 2ippey @ad lgaer imislofCEE sius
the ultrgsgpicaelogin d0YaR AfbeXygeiBHDESN0aS INXEIIEAI i us

indicated by Cmax(T).and Cmin(T). The popssihle propagation time rage.is
e Lo o s e Spones e P s

selecteIEF LANEAHORGRThFAtafion 18E nfyrdne ir’ﬁé@@ﬁ&aﬁ% Z¢9e of
selectetkwhichtallovs thendiasoniFiepeptiob piaintstog fabvithimctheng the
possiblediropagation tine range. (e/CmiB(Ner YCMRUIN & Yive®) and the
where: f frequency of s ultiasoic avse In (g sampls 0as, 22 105 088 o
temper%?ure Whic gives'the maximum value %??Ls/ ma?%“f;

1} s/ICmik{e)) 44 B RAVEinTR P EHE K SRR Ein per Ao HheiweAgsg 92
temperaiuretsd Ladsitisdiemgees, ayd the freguencdy Of the ultragdricpossible

waves j5-48 &4z, the propagationr length Lkewhieh +o 1 /c (T).
Therefore, if the propagation length L, is selected to
satisfy following relation (8), only one integer can be

20 selected which allows the ultrasonic reception point to
fall within the possible propagation time range.

(L /CpnlT) = L/ Ch (TYY < 1/F ... (8B}
where:
f: freguency of the ultrasonic waves in the sample gas
25 The gas temperature T which gives the maximum value
of (L,/Coax(T) = L,/C.{T)) is the lower limit of the
working temperature. If the working temperature is 5
Celsius degrees, and the frequency of the ultrasonic
waves 1s 40 KHz, the propagation length L, which

30 satisfies relation (B) is calculated as follows.
L, < 12.3 cm ...{9)
According to the embodiment, L,=0.1 m is employed as
an example.
In order to obtain the ultrasonic propagation time
35 t,, the forward and backward propagation times t_,, and ¢,
is previously measured. With reference to Figure €, the
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30 satisfies relation (8) is calculated as follows. L8 <12.3 cm ...(9)
According to the embodiment, Ls=0.1 m is employed as an example. In
order to obtain the ultrasonic propagationdime 35 ts, the forward and
backward propagation times ts1 and ts2 is previously measured. With
reference to Figure 6, the - 18 trigger signals are generated when the
secand waves inrhotk the forward: and dackivard wavefoemspasses everin

the, trigger; level, In this,case; the trigger signals ate- gengraled at thee r <he
same timing or phase relative to the 5 waveforms and the difference in the

zef0- RS i fidtants Betivekh the F6rward and batkiward wavas AL ®
ZcBen<ZoFidd substantiabregualito the differefmcested inepropagatiée the
timesfst andds2 between thesfopward-and packward waves {£cFi: thes

zerp-cross time instants othee 10 forwaorld é/vage{%r@&(ZcBi; the zero-cross
- cBi

time IRsAnts of e’ Backward wave Brm, i=1°2 Wave n"ﬂ%ft?ésr)).

Howekes, thé triggersigrals Stilaressttenlgarferated atoiffereatplades of
the;waveiosms hetweenr the-forward and baekward wavest evea ifdhend
sape liggerieyelizds ysed. Refering.io FlgeS donihe faman Naes. o
the ‘%rlgger S|gnaﬁ Is generated when the third wave passes over the

trigee¥ teviel ara F6rithe backward WivesStie friggerF sigafis'getierated ©F
whendhe second wavepasses: ,over the frigger. lévelvEherefarer the.

trigger signal, 20 for the;hackward waves is, generated.at ong-cycle gatligh ateq

than the trigger S|%r111al for the forward waves.1lcn this case, the difference .
in the Zet6-cross imBiRstarts® betwiser theForvard and backivard taves <
A =ZcBbaZeFia givessa negatvesvalué. ifitle sampletgasfiews #wvagh s

25 the.gondyit-2Q2,.A 7 ZGBI - Zcki must notbecame negative:aTherefere, the
if A = ZcBi - ZcFi iv?s a n(\aiative vglug, itt{s napT‘qglrent that thggg%geras os
sighal'dF tHe Badkidard Waves' s Gen e

. S’ is'generated earli feth%rﬁjtﬁgtngger gna
for ehee foiiardiaviEse B0 O tHe other Fahd Lreferfing 't Trgurés  $6r thene

trigger signal is generated when the second wave passes
over the trigger level. Therefore, the trigger signal
for the backward waves is generated at cne cycle earlier
than the trigger signal for the forward waves. In this
case, the difference in the zero-cross time instants
between the forward and backward waves, A = Zepi — doriy
gives a negative value. If the sample gas flows through
the conduit 202, A = 7Zepi — Zeps MuUst not become negative.
Therefore, if A = Zes - Zeps gives a negative value, it is
apparent that the trigger signal for the backward waves
is generated earlier than the trigger signal for the
forward waves.

On the other hand, referring to Figure 8, for the
forward waves, the trigger signal is generated when the
second wave passes over the trigger level and for the
backward waves, the trigger signal is generated when the
third wave passes over the trigger level. 1In this case,
the difference in the zero-cross time instants between
*he forward and backward waves, A = Zepi — Zeri, ©€XCeeds

one cycle of the ultrasonic waves, which indicates that
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forward waves, the trigger signal is generated when the second wave
passes over the trigger level and for the backward waves, the trigger

signal is generated when the third wavelgasses over the trigger level. In
this case, 35 the difference in the zero-cross time instants between the
forward and backward waves, A = ZcBi - ZcFi, exceeds one cycle of the
ultcasonic-waves, whighndicates that -f19 the trigger signat fardhe rated
Loggé%fﬁl aves,is gepgrated jearlier than the trigger signalforthe rq waves.

ard waves. According to'the embodiment of the inyention, the
conduit 263 59 HedigHed %otﬂ?ﬁt AR YOpEGAtontimE " difffende fr The
betweehuthe foiwardsane: bagkwardawavés: ‘alvways falls withirt-one cydlacof
the;ultraspnicwaves Thisfeature allows fhe Migrogompuier226 Waves
distinguish ge ases,skﬁ)wn in Flguresl7 an% 8tf om %Q other.and toves
caltulitd the propagation time diffefeice td”That is, REZeBiszcEiis ©
negative, fhe case ias sowh ik Fighrs 7 ang & & ZeBi-ZcFi exédedguish
one gycle-ofdhe yitragsonic, waves:the caserisias shown ir Figure 8.3husnd to
the canfiguration of conduit 202 which has the. ure will : -
e Bt 05 T e it T G Tae ety rmieaip by Ls 1f
thebSdrmmpielgas isresembd By follWingiRgquditp fLgjhown in Figure 7
0<¥xQ/(BH0A0Er2).x; (- Where: £ floww tate of the semplesgasltrasonic
(itteg/min) 20.r: innex radjus of the canduit mefers) As described above,

the velocity of ultrasonic waves propagated inthe forward direc%ilo,n _ n
relative to'théSsarmpfe GEE oW & E1LEH\P BndTRe Veloctty of litrasonit? S =°¢
waues propagated in thelbackwand directiervirélativesto 25 the sample gas

f'ﬁW is fZE%Vpéﬂgéinléa%g%lo%&ty @ﬁgllt@ﬁemicxly@@csﬂgpa?a&%_em of
t rougn a stationar sample gas (m/sec . velocity of the ultrasonic
wavss p?c?ﬂ%ﬁa?ec? %Sthé%é’ Jfgc%v%}a %‘?rg%ﬁonft?;%ﬁ)\‘fél ogthé%%%lpaié? Jg%% o)

flow (m/sec) 0SVQ/ (600007mxr®) .. (10}
where:
Q: flow rate of the sample gas {(litter/min)

r: inner radius of the conduit (meters)

As described above, the velocity of ultrasonic waves
propagated in the forward direction relative to the
sample gas flow i1s Cy=C+V, and the velocity of ultrasonic
waves propagated in the backward direction relative tTo
the sample gas flow 1s Cp=C-V.
Where:
C: the velocity of ultrasonic waves propagating through a
stationary sample gas (m/sec)
C,: the velocity of the ultrasonic waves propagated in the
forward direction relative to the sample gas flow (m/sec)
Co: the velocity of ultrasonic waves propagated in the
backward direction relative to the sample gas flow
{m/sec)
V: the flow velocity (m/sec)

The propagation time difference tg is calculated by

the following equation.
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C2: the velocity of ultrasonic waves propagated in the backward direction
relative to the sample gas flow (m/sec) V: the flow velocity (m/sec) 35 The
propagation time difference td is calculated by the following equation. - 20
td = Ls/C2-Ls/C1 =Ls/(C-V)-Ls/(C+V) ... (11) Therefore, if the inner
radius of the conduit 202 satisfies following relation (12), the propagation
time 5 difference td becomes smaller thamthe.cycle of the ultrasonic
waves. Ls / (C-Q/ (60000m[r2)) - Ls_ C}a-l;Q/( &6_({%09;92()% ug\;{f " (ilﬂ )The

e

left term of inequality (12) is maximized when 10 the velocity of the ,
ultrasoniciaves trBugh the B6nduit 26278 mirifuid (E2EnsAE Eelsius” 2
degeees)y*318: 1 Malsecy i Therefare tfosrexambple, if-the frequency of the time

ultrasenic, wayes throygh the conduit 202 is 40 (KHz), the, flow pate Q10
(litter/min) and the length of the conduit 15 202 is 10 (cm), then the inner

radtas F 8mi) ‘ot tHé “Eohduit 202 is r>2.05 (mm). According to the
embodiment, r=2.5 (mm) &-selécted /astar 8xample. Néxt. the method for

measuring the concentratien and stow sate of a sample gas)will be
describedmiﬁ detail. 20 below. First, in cas .shownqig Figure 6, the

propagatié Stimé differente Td between t j("etf\o]rvx}ai“rd )ands bac :)\(ivlanrl: %@eacéle"ghen

is oBitained A Z6eBi -SXeFi tBecausenas dessised-abouey thelhe condult

propagatien time; diffierencedg is substastially eguat 2540-4he difference:A) .

o A T S s e pran e e

propabatishfitie Hiffefehce s 8btainéd by B ZeBP VZcRig 120 (Kiz), the

Preferably; & plugality) of thenwadue’snA-or Biare 30 ebtained for afithmeticonduit

average.; Next, the yelocity ot the,ultrasonic. waygs trougim) of the
conduit 202 is r»2.05 (mm). According to the embodiment,
r=2.5 (mm) is selected as an example.

Next. the method for measuring the concentration and
flow rate of a sample gas will be described in detail
below.

First, in case shown in Figure 6, the propagation

time difference tg between the forward and backward waves

is obtained by A = Zgi — Zeri, because, as described above,

the propagation time difference tg is substantialliy equal
to the difference A = Zopi - Zers. In case shown in Figure
7, the propagation time difference taq is obtained by B =
Zepis1 — Pepi. Further, in case shown in Figure &, the
propagation time difference ty is obtained by B = Zgps —
Zepisi. Preferably, a plurality of the values A or B are
obtained for arithmetic average.

Next, the velocity of the ultrasonic waves through
the sample gas is estimated with the assumption that the
sample gas 1s in stationary state. For this purpose, the
phase difference in the outputs of the trigger signals is
previously determined on the basis of the value of A. If
there is no phase difference, as shown in Figure 6, mean

value Ze ave Of first zero-cross time instants of the
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the sample gas is estimated with the assumption that the sample gas is in
stationary state. For this purpose, the phase difference in the outputs of
the trigger signals is 35 previously determined on the basis of the value of
A. If there is no phase difference, as shown in Figure 6, mean value
Zc_ave of first zero-cross time instants of the - 21 forward and backward
wavefarmsds salcutated by the wiollewingrequationaZ c vave=AcEl+Z¢B2)

12 fb@f’%ddqﬁgs% agg\gg A0 Figure 7, mean value Zc_ave of first 5
zero-cross time instants of the forward and backward waveforms is

calculated by the foIIowingzeqmﬁér%.cfct%ﬁ?é%(fclfh(ﬁélga 12 ...(14) In
case shown inEigure8;meamvalug Zceave ofifist zerdcrosatime of first

instants of the.forward and bagkward, 0 waveforms s galcylated by fhe ¢
foII0W|ng£eIgrluat|qn. Zc ave=(ZcF %ch:‘éc]g 2. 9153 The mean value
ZCVAVE CRT B consitiered as e fifsY 26r5-cross fima iNstant WHICH 1S

obtained with the assumpfien-efthéaltrdsenic' wavesthrough the

stationary:ib samplesgas:Zciave igieferred te.a4eferanes: zero-Cross first

time instant in thep.resentna Lc1{|c%téono. Asr_glees_cggggg &%pgv ht(JiweTg %pa 4

thezgorn%ﬁﬁrf@silsﬁreﬂ&gﬁe So that onJIy one mteger Is selected allowing
theaAtFaS6miE Fedéptivh FolRttoall i the Fossible 20aHgE 8f-the- 7 -
propagation time (Figure 9)..Therefarg, thegs ultrasanic pippagation time is

's estimated by, fracing, back from the figt zgro-cross ime Instant Z6.ave ; o+

along the time axis by an integral multiple of the cycle of the ultrasonic

wafed GAtiTRE Tiltrasthic rEteptibn Poirt 25 8IS nthe PFussibte rarge”

The velanity Db theotltrasenic WanescCs. threaghk: the: Istatiopary sampleagasnary
is estimated by following equation. £16)y Cs=d.s/ts ... {¥6)-30 dbezero-cross
concen rat_;;on of ggy%%ﬁ Eg IS ogtain@erglzltb%l equgig@ jg%)no'r (7) with the
calcuiafed €82 S presentiapy

As described above, the length of the conduit 102 is
designed so that only one integer is selected allowing
the ultrasonic reception peint to fall in the possible
range of the propagation time (Figure 9). Therefore, the
ultrasonic propagation time tg is estimated by tracing
back from the fist zero-cross time instant Zs ave along the
time axis by an integral multiple of the cycle of the
ultrasonic waves until the ultrasonic reception point
falls in the possible range.

The velocity of the ultrasonic waves Cs through the
stationary sample gas is estimated by following eguation
(1g) .

Ce= La/ts ...(16)

The concentration of oxygen Pz 1s obtalned by
eguation (6) or (7) with the calculated Cs.

The forward and backward propagation times Te; and s
through the sample gas flowing through the conduit 202
are estimated by following equations (17) and (18},

tar=te=ta/2 ... (17)
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The forward and backward propagation times ts1 and ts2 through the

sample gas flowing through the conduit 202 are estimated by following
equations (17) and (18). 35 tsl=ts-ts/2...5(A7).- 22 - ts1l=ts+td/2 ...(18) The
forward and backward velocities C1 and C2 of the ultrasonic waves

through the sample gas flowing through the conduit 202 are estimated by
following equations (19) 5 and{20): Cl=lsits] .(1@9) C2=Ls/ts2 ... (20)
Then, the flow velocity V of the sample gas through .the conduit 202.is .
obtaihedt by Sauata (3) (18) Sod 18 130). Farihar: 1 floh Fe ot e
sarmplergaeisicalciiaied By follo@ihgtéquativhi2$). 9926000712y through
(2 nNext; withireference te Figuresil 4a 16ya fpreferredhembodimentof (19)
theagggaﬁgrgc concentration and 15 flow rate measurement apparatus will

be described below. the ultrasonic concentration and flow rate

measurement apparatus 10 includég-a’donduit 27Which provides the

conduit 202 of the embodiment cfFigure 2 Housigs 25 and 26, for

enclosingfirst.and.second 20 ylrasanic-frapsduceis20:angd 24, secured rougn
to thg ends o% the co%iu!t 27 g%swelde %OI"[IOI’]S 41 and 42 ?:I'he g d
hoUgifgs 25 Al 26 includ?® [Fors 28 ard 29 eg(?@ﬁmﬁgnﬁer;geﬁdicﬁ%r to &7
the (Gohduit 27toprevidetthe idlérand utleRporiions 204arand=206E ofl 5
the.embediment of Figure 25.2. The=eandiiitdy and the housings 25 and

26 are preferably made of the sa etallic material such as an
aluminum alloy. The conduit 2§a§§?rr%tﬁokdsihg%§5 and 26 are secured

at one poitiEteta stibétrate0e6Ea FBusifig ot BO e dxXygen ~°¢ @
coneeptration apparsdys hya-screw4d: This-configutatiarnaltows thet ion and

longittingldetormation afhe. capdlt 2¢ reely fiam exteioaLlorse ik ow.
may be generated when the conduit 27 i1s thermally deformed.

the ultrasonic concentration and flow rate
measurement apparatus 10 includes a conduit 27 which
provides the conduit 202 of the embodiment of Figure 2.
Housings 25 and 26, for enclosing first and second
ultrasonic transducers 20 and 21, secured to the ends of
the conduit 27 by welded portions 41 and 42, The
housings 25 and 26 include ports 28 and 29 extending
perpendicular to the conduit 27 to provide the inlet and
outlet portions 204a and 206a of the embodiment of Figure
2. The conduit 27 and the housings 25 and 26 are
preferably made of the same metallic material such as an
aluminum alloy.

The conduit 27 and the housings 25 and 26 are
secured at one point to a substrate 30 or a housing of
the oxygen concentration apparatus by a screw 45. This
configuration allows the longitudinal deformation of the
conduit 27 freely from external force which may be
generated when the conduit 27 1s thermally deformed.

Covers 23 and 24 are attached to the housings 25 and
26 to close the end openings of the housings by screws 43

and 44 with O-rings 3% and 40 being clamped between the
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Covers 23 and 24 are attached to the housings 25 and 35 26 to close the
end openings of the housings by screws 43 and 44 with 0-rings 39 and 40
being clamped between the - 23 housings; 25 and 26 and the covers 23
and 24. The first and second ultrasonic transducers 20 and 21 are
attached to the inner surfaces of the covers 23 and 24. The first and

segeRdulrasonic transducersn20 and 24 genesate 405 KHzof ultrasonie r s«

waves, Further, temperature sensors 37 and 38 fgr. dete tilgg thgeq S hed
ten‘—%lﬂ[)leéra%uercejzOal’}&é1 a‘fté%ﬁgg o the ihﬁ%?%&#&&%%f?t eaélégvers" 23 angaﬂ:.ac =

Thedirst e diSecoRdSHIFASGiE PansdiRefL2TaAd 21 antfithe? - The first
teraperature sensars:34 and 10 38 aresenupledtathe=micracorputer 226 40

thr&%%h %(’:Pn%%@gg %%135‘%%47 ggqched to the outer surfaces of the

covers 23 and 24, cables 33 and 36 and connectors 32 and 35 mounted
on the sulfstite 30 DiStAREES BFbdifveBRtAe BRd tacés'of the firStand u%~t 19
seaond uitrasariotransducers:20:and 24 @nddhécrespectiveiendssoftheces of

conguit 27 is.a-sigpificantdesign matter Generally; the sgund field-asonic
formed by the ultrasonic waves from an ultrasonic transducer includes ., _
nedr&@it fi SBhAd fields? As shofiin FiGure ST The 20 Gitrasdiicwaves &
propagateslinearlythrbugh theeat soaadiipldtand 6 thé btidand, in

the far, seund.field; spgead inthedfern of spherical waveseThereferec s of

the,_ends of the c?'gjuit 27 are out of the near sou f'eldhéhg ultt;}aéc,fo ic 37
ené:rgg? transmitted in ﬁﬁ%aco%dhit%oiéez% r?éfc'iucé:lé1 (%%p%red ‘W?tﬂjbo“ﬁgéﬁs

havifg thedefigs Hisposed i the ReaESGundEfield and therefore, the
sound/noise ration ©f the signakitemthe transdueersds seduced. figst and

knoyn. fhat the boundary befween fe.near and farsound,fields is,

presented at a point Z0 the distance D 30 of which from the end face of |

an HifESBAiE FEstiicar Along'the CeRfE! tine of the tranSduder is Géfided s+ 2"

by feltowing eqbatien £22)y D=fr2/Cs.c(22) Where: formed by the
ultrasonic waves from an ultrasconic transducer includes
near and far sound fields, as shown in Figure 12. The
ultrasonic waves propagate linearly through the near
sound field and on the other hand, in the far sound field,
spread in the form of spherical waves. Therefore, 1f the
ends of the conduit 27 are out ¢f the near sound field,
the ultrasonic energy transmitted in the conduit 27 is
reduced compared with conduit having the ends disposed in
the near sound field and therefore, the sound/noise ratio
of the signal from the transducers is reduced.

It is known that the boundary between the near and

far sound fields is presented at a point Zp the distance D
of which from the end face of an ultrascnic transducer
along the center line of the transducer is defined by

following eguation (22).

Where:
f: frequency of the ultrasonic waves in the sample gas
(Hz)



35 f: frequency of the ultrasonic waves in the sample gas (Hz) WO
2004/094960 PCT/JP2004/005590 - 24 r: inner radius of the conduit (m)
C: velocity of the ultrasonic waves (m/sec) As described abgve, the -
W\%?%Wg%rough a sample gas is defined by equation (1)_1’-%’61[1’62%%3(%&30
higher 5 the gas temperature and the smaBdr the molecular weight, the
higher the velocity C becomes. According the embodiment, the condition

which maximizes £Q s that for-examplesthe sample gas is the air at 35
CeIsiu& ge?r%_%%ﬁal{}d then, 0 iglatbé)éjst 1.4 mm, %ghgzig%r/eg 13-15 show
experimen al results of _ult?asonlc Wavetorms Whic ) were obtained by an
apparatus offSigBfeF1 Wt 1fdaistanddl of OL9FIRY 1D iiid Angh 158 sample
mm. The experideshtakrd suits suggesvthatthe ulithsoriferergyeceivgtiex
Dy the uHEAsSQNIC Yansdueenle i a@nificanty seduced WhepdNelis@NChe ight ,
dis 1§:[;r\1ﬁr/n comgarecgbwit‘b the (j%ses of the distgnce}g of Oa.rgm %H%I

1.0 mnt WO 2804/094Y60" B CT7IP 3004005686 25 "CLRIME 1. AN
ultrasoRRPRFFARRTS foriReSSTAAG HRE CBhcehtrBfsARPfoWrats ofhat for
samplegaspdamprisings angore uiiaior flowingthel. samplegases aifirst degrees
ultrasopjcstrapgrmissionrgcgplier devicggnounted to the inside of the

ondlui; a segand,ullraspaic (angmission.recepion, fevice mounied to

he inside of t egc_ondsuit to face the fjrs%%ﬁ*asonlc faransmlssmn-reception
device M6 BAFANS RSSO ECEEPti N S\WiRc Y fofesRRERMB IR Dprtigpraratus
mode afihe figsirand $ewdnd dirasdnrtsacsmidsoh-feception deMicesn and
between, g transmission:made; i ransmilling uliragogicowaves,andene

receplign fads [qr/egeng UIRRONG X AYFSLR APINARBIE Wiluucer
15 ig significantly reduced when the distance d is 1.8 mm

1

compared with the cases of the distance 4 of 0.3 mm and
1.0 mm.



conduit, for measuring the temperature of the sample gas flowing through
the conduit; the first ultrasonic transmission- reception device generating
forward ultrasonic waves 20 relative to the flow direction of the sample

Wa20eR e device is in the transmission mode and geneftiHgf2004/005590

backward waveform when the device is+n #te reception mode on the
basis of the received ultrasonic waves generated by the second
ultrasonic transmission-reception 25 deyvige; the second ultrasonic

transmission-_reception device %enerating backward ultrasonic waves

relative to the flow difection ot IhE ls%r‘r?ﬁ agta%RNuﬁen e "TETEE iR tﬁkée

transmSHGE AIGHRE AR qureratey feratrd B30 wasephavEas the eepicks ing:
is in the reception mode on therikasis of the Eosivathukiasoncnyayesas ;

generated by the first ultrasopic.ransmissiopseeention davice: Beansfok: i on

generaéin trigger ‘éxgnal?iwhen the forward and hackward waveforms
§

h
pass 078 438 BIRAREMinRd TaVelt AfeitR 1OF gER&ratY ‘N?/érd and .
backward zero-cross signalsSRREREhE fsmveRarbie bactsaressign-reception
wavefoimsipas neverta deto levied dropagatiant timecalculation meansce the

coupled i@ {he emperaiHie. SeRaols e Jigger ;é%a%t%ﬁe@émga@?ans

lgnd the zero-cross signal %enceratln% 5 means, for (1) calculatin a .
possible propagation time ranﬁ‘én(?n e bRSIS of e’ Qég er%'ﬁlé Sturé
detectetV'B #he e nigttafRe SEhsoR, MItRtErmititR) Whster Brhoterend
phases:atwhichriivo firss iriggersignalsetespectvieljegeperted ondtbe a

basis of the, fgrward andbackward 19 wavefarms, coingide with;each ves anag a
other, (Is%grocessm%th Zero-cross signals s%that the phases coincide

with eath®SherIf the?/dgeo St coincie WitH e ﬁr&ﬁgﬁ J(ﬁ)_ woab‘fgﬁing
1peference zero-cross time MSEARARF TERaFRNAREN VHlgeIdde in the
forwarccand backwasd zeez 4brarass time hskadsalh)obtaininthansample gas

ultrasoRi€oying through the conduit;
the first ultrasonic transmission-
reception device generating forward ultrasonic waves
20 relative to the flow direction of the sample gas when the
device is in the transmission mode and generating
backward waveform when the device is in the reception
mode on the basis of the received ultrasonic waves
generated by the second ultrasonic transmission-reception
25 device:
the second ultrasonic transmission-
reception device generating backward ultrasonic waves
relative to the flow direction of the sample gas when the
device is in the transmission mode and generating forward
30 waveform when the device is in the reception mode on the
basis of the received ultrasonic waves generated by the
first uvltrascnic transmission-~reception device;
means for generating trigger signals when
the forward and backward waveforms pass over a
35 predetermined level;
means for generating forward and backward
zero-cross signals when the forward and backward
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reception point by subtracting an integral multiple of the cycle of the
ultrasonic waves so that the results of the subtraction falls into the
possible propagation time range and (6) ggtimating the ultrasonic
propagation time 20 on the basis of the ultrasonic reception point. 2. An
ultrasonic apparatus according to claim 1 wherein the distance along the

cond GV BEHRR fRECEnE "Sofid IRFEsorfie fansmission-reception
devices is selected so thratardy ene sesultiafd¢he sLibtraettarofalls@5rigtp

the possihle prepagafion ime Lange, gst%@r@&eveaheosaé&'sgwk@ggnaz
conditions of the ultrasonic apparatus. 3. An ultrasonic apparatus

accHAMRYD TR BSfHeteit the iGaReE AoREARE HRENR beRFSFTREL DY
andmsegongd Uultrarsdrii¢ traasmissian-reception elichs ipS30siestedtm time

satigfy the.follgwingrelatan, @s/Crin(@min)tHEmax(fanindielied by the
where: f: fregtuencglvof the ultrasonic waves in the'sam Ifes%%as 35

CmihERRFT AhBI6WEPRRRDf tHe ditARbATTR AT FhrBdgiithe the
sanmpleagas attheWbwest workifg temperatgreTned (Gelshis degseex)tively
27 GarfEpiY -dhe vppenlimit of die uitasericpelecity, (nisgekipsugh

the sample gas at the Jowest working temperature Tmin ()Celsms ,

degPonly HOAR rSSTE SpBarkile AESTRIng 1B iaim! 2 )5 RAGRAT TS the
inne? 2adius b e eorwiuitlis sefectéd sotinat thieadifferarceseiweeninsh each

forwsec and backwatd qsopagationitime de sppaller thanthe eyele of the
uItr%sggg:ivr\@\r/les “%‘%%@Qﬁ vgorkigg condition of the samele as. 10 5. An
ultrasonic appa(%atrus accor&mg%o ERIR Wheraiitna 1irié Hadiog of the

cond8dit BUSeldcied i@ esatisRAtHeSodwingerelbtionard (@minbackward zero-

(Tmim) eRmax 116e0QBAZA ) s L/ Cin{vain) - maxn(6000034ishs14 15

Whegéception point by subtracting an integral multiple of
the cycle of the ultrascnic waves so that the results of
the subtraction falls into the possible propagation time
range and (6) estimating the ultrasonic propagation time
on the basis of the ultrasonic reception point.

2. An ultrasonic apparatus according teo claim 1
wherein the distance along the conduilt between first and
second ultrasonic transmission-reception devices 1is
selected so that only one result of the subtraction falls
into the possible propagation time range determined over
possible working conditions of the ultrasonic apparatus.

3. An ultrasonic apparatus according to claim 2
wherein the distance along the conduit between first and
second ultrasconic transmission-reception devices is
sleeted to satisfy the following relation.

(Ls/CoinTasn) = Lo/ Coau(Tain)) < 1/£
where: -

f: frequency of the ultrasonic waves in the sample

gas

Coin (T

(m/sec) through the sample gas at the lowest working

min{ Tain) ¢ the lower limit of the ultrasonic velocity

temperature T (Celsius degrees)

min
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Ls: propagation length (m) r: inner radius of the conduit (m) f: frequency of

the ultrasonic waves in the sample gas 20 Cmin(Tmin) : the lower limit of

the ultrasonic velocity (m/sec) through the sample gas at the lowest

working temperature Tmin (Celsius degrees) Qmax: the upper limit of the
sample gas.flowrate (litter/mpy 25 6.1An tltrasonicappatatus @according ccity

to ¢lairg 1 wharein the copduit é!?%“d:esg% straight pationand « yorying

perpendlcular portions pe#)endlcular connected to the ends of the
strafgRP BORIIN: The firat AhE $8Edd GRFESORR'30 transmission-reception
devices afe disp@sed in thes peiperdicuar portions: toofaterthe ends of the 1

straight .partion;.and the distance betyween, the firstiand secondk ulfrasonic,,
transmission-reception devices and the Bires ective ends o C{%e stralq:hé

poftioh of the c%ﬁdu?rea{f%ﬁ/lﬁ)geghwe%ﬂomng r Paﬁloﬁr8<5<
distarice@a)betiveehnthe figst el lsecondWo 2004/094960 ©f the

PCT{4R2004{005590,= 28 pifEasonic:transmissign-reseption-deviees aad
the . Tespe ective ends of the straight portion f: frequency of the ultrasonic
waves ﬁ1egsample gas (Hz) 5 r: inner radius of the conduit (m) C:

velocity ofthe ulffasoHie fraves {//$e8)3x A metisareridéasuring theaim 1
congentrationofesamplergassfowing dhirotigh aceonduit; campssingdhed to

steps of: qu,geggrayggjgwafgg ultrasonic,waves relative to the flow

direction of the sample gas; eneratlng backward uItrasoguc waves
relative to the flow direc eﬁ ’a}ﬁpr On
_Ls/( Crin { Tmin) +Qmax/(6OOOORI yy<1/f

where:

Le: propagation length (m)

r inner radius of the condult {(m)

f: freguency of the ultrasocnic waves in the sample
gas

Crin {Tamin) ¢ the lower limit of the ultrasonic velecity
(m/zec) through the sample gas at the lowest working
temperature Twn (Celsius degrees)

Qmax: the upper limit of the sample gas flow rate
(litter/min)

6. An ultrasonic apparatus according to claim 1
wherain the conduit includes a straight potion and
perpendicular portions perpendicularly connected to the
ends of the straight portion;

the first and second ultrascnic
transmission~reception devices are disposed in the
perpendicular portions to face the ends of the stralght
portion; and

the distance betwsen the first and second
ultrasonic transmission-reception devices and the
respective ends of the straight portion of the condult
satisfying the following relation.

0<D< £r?/C

D: the distance (m) between the first and second



measuring the temperature of the sample 15 gas flowing through the
conduit; generating trigger signals when the forward and backward

waveforms Eass over a predetermined level; generating forward and .
WILERYEIY Yero-cross 20 signals when the forward and baclAR2004/005390

waveforms pass over a zero level; calculatiig-a possible propagation time
range on the basis of the gas temperature detected by the temperature

sensor; 2b:deierniing yhnthekebnat-the-pases ale WiNEL o irsthe
trlggerls&rgjaéétre‘;ge&mé%lyoqﬁenteﬁ%teéjtlp t%sera% si_ggm,? forward and

backward waveforms, coincide with eac rocessing the

zero-cross signals <R <30 He ﬁﬁﬁsé’%*&ﬁiﬁ%f&fél\fntﬁ%‘é%ﬁ JtReFfigh&gnple

do notgésin¢i@elwith each other; obtaining reference zero-cross time -
snstant by calgulatingeneanaalise ot thentorwardiand hagkward zero-cross

time instants;c35 gbiajaing. 1 HltaRons [Scepignoqala: supagtioa an

integral multiple of the cycle of the ultrasonic waves so resu ts of
the subtractioh - 29Afafﬂ Rt SRR B HrBFadaforr BRESRERL AAR ©f
estimagagie uttassdhiopiomadatiortiinea onthd basis obtheruiltasgniche
receptiongiinb 8: A method according to claim 7 wherein the 5 forward

1éand backward ultrasonic W@é/ggraa[glt ﬁgl@ql %I¥89 bé/ fi Jgt and

second ultrasonic transmissign- rece ICES W are ISpose

the corffuit the SdiERaricee Igﬁa‘fhg%ﬁﬁﬁﬁ%t\ﬁéeﬁ}?ﬁsﬁmééﬁﬁ& ;
ultrasonic transmission-reggptiraddvigebdehwpsalectetdrb® o thatenys
one reswl et the-suhiraction:fadls intoribe: pessible prapagatigndingg sange

determined over possible M%%ﬁ%%%ﬁ%%”%%ﬁ‘éﬂé‘%@é8”Qfa%aer WMhp1e
9 A method according to claim 8 whérein the
gas flowing through the conduit;

generating trigger signals when the
forward and backward waveforms pass over a predetermined
level;
generating forward and backward zero-cross

20 signals when the forward and backward waveforms pass over

2 zero level:

calculating a possible propagation time
range on the basis of the gas temperature detected by the
temperature sensor;

25 determining whether or not the phases at
which two first trigger signals, respectively generated
on the basis of the forward and backward waveforms,
coincide with each other;

processing the zero-cross signals so that

30 the phases coincide with each other if they de not

coincide with each other;

obtaining reference zero-cross time
instant by calculating mean value of the forward and
backward zero-cross time instants:

35 obtaining an ultrasonic reception point by
subtracting an integral multiple of the cycle of the
ultrasonic waves so that the results of the subtraction
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distance along the conduit between first and second 15 ultrasonic
transmission-reception devices is sleeted to satisfy the following relation.
(Ls/Cmin(Tmin) - Ls/Cmax(Tmin) ) < Hf 3¢here: Ls: propagation length
(m) 20 f: frequency of the ultrasonic waves in the sample gas Cmin(Tmin)

: tesloer dimitofithe ylsasariid ¥eloeity {pdsec)through thersaawlegds

at the lowest working temperature, I min {Celsius.degrees)29 - gation time
Cmax(;rmln)éthe upper limit o1f théme ultrasonic velocng ,ém/sec)_ through the
safiple-§as A fiie’loWest Working tRiiperature Tt (CBIsitis degrees)

10. A method actording ¢o! claim Frwhereirt thecinaen radivkof el cdnduit
is selected so-that thegiffgrence: 30 between theforwardand -bagkwarded and

propa ation time isfsmal er th%n the c%cée 0 thealéltrra:sLoni% J}/\L/aavsc;\l%iusnsde(gL -

the oe?E(iY@ co%itio%ro h(ae”%ams’pefeC Cgﬂa\s. .Tﬁ%me?hb(f accorrdmg {0 claim

7 witeremttherinRer Fadias Wi iHe corithiitis SeleeRsd to'satisty tergsiit, the
following: relation bLs/(Crain (bai«Qmaxt {6RRA07eI2)s tlsind second
(Cmin(Tmin)+Qmax/ (6 7Cr2)) <1/ - 30.- wheye; Ls: pro i 1ot
Ieni‘é!tﬁ%rﬁ)g ?)Plr% ne r“r%{ gﬁugsgc?fgtﬁg %rgn L% i(tE ?r%’ f: ?\?Lec?égggé %%!th%gg I%%Z%r? ic” Ctefj
wals irfifhe SAmpleCBYasCmin(TRYin): Me BWer fiffit-dfthe titrasonid' =© the
velpeiys {pi/sec) throughtthersample gasat thellowestworkingver possible

te%%%fé&%g;éeh@a@@i%u% degrees) Qmax: the ypperlimit of the;sample

gas flow rate 10 (litter/min) 12. An oxygen concentration system for
generating “an oXyg&t 8nficHed §as compriging an Bx gé%?&r?@erﬁtrgﬁ%n

appdratusfoe along the condult between first and second
ultrasonic transmission-reception devices is sleeted to
satisfy the following relation.
(Ls/Cumin {Tmin) = Ls/Crax (Tmin) ) < 1/f
where:

Ls: propagation length (m)

f: freguency of the ultrasonic waves in the sample
gas

Cpin (Tmin) ¢ The lower limit of the ultrascnic velocity
{m/sec) through the sample gas at the lowest working
temperature Tpn (Celsius degrees)

Cmax (Tmin) ¢ the upper limit of the ultrasonic velocity
(m/sec) through the sample gas at the lowest working
temperature Tpn (Celsius degreses)

10. A method according to claim 7 wherein the inner
radius of the conduit is selected so that the difference
between the forward and backward propagation time is
smaller than the cycle of the ultrasonic waves under the
working condition of the sample gas.

il. A method according to claim 7 wherein the inner
radius of the conduit is selected to satisfy the
following relation

Ls/ (Cmin (Tmin) ~Quax/ (600007r?) )
~Le/ (Cain ( Tmin) +Onax/ (600007r%) ) <1/£
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generating an oxygen enriched gas by adsorbing nitrogen 15 to remove

the nitrogen from the air; and an ultrasonic apparatus for measuring the
concentration of the oxygen in the oxygen@nriched gas and flow rate of

the oxygen enriched gas, the ultrasonic apparatus comprising: 20 a

conduit for receiving and flowing the oxygen enriched gas; a first

ultraserie transmission-reception device mounted to the inside of the
conduit; aLsec%ngouI}iras%mic ntrqlnsrrlni%%ioq-r?ception 25 device mounted to
the inside 6f the condit to Tace the- first Ultrasonic transmission-reception
device; a fransrhigsion-feceptivn SwittR o SftERing e operation mode

of the firstrand- secansh tiitrasonic:transmissionrreceptian: devices betweerp Lo
a 3(9atgansmission mode for transmitting ultrasonic waves and a reception
mode for receiving ultrasonic waves; a temperature sensor, disposed in '
the conditfdrmaasulifl tHetEmperature of the 8%y gen eRfichdd g¥§ 1 ocity
flowmgghmughtthewpnduitz35 tmecfirst ghmsenicttienshuission- reception

devigg,generating ferward-ltrasqnic wayves Jelative to the flow direction
of the oxyaﬂgn pnrichev%égas when the device is in the transmisgjgn mode
and gener&tifig Egléhk HSGaverBrn wienthe d%?ﬁ%]ﬁ iffie f3pw rate

recéption arodelion the basis of the received ultrasonic waves generated

by the second ulttasenic ansnissien-teseplion devieerthesecgBderating
uItrg%o%ig traggmgssl,fignh%eger%gon dgvicg Qleg%ating backward ultrasonic
waves Terafive to the flow directién of te oxyge% enriched gas when the
device is in the transmissioR fcH and Hehetating forwarPragsform o r
whenr the-deviee is:in theyvrreeptian modeion the basisof thestecgived: rogen

:*gg%gg%‘;%gg\%g‘ﬁ%g enerated.ty the first Hlirasenic trangmission-
P ’ an ultrasonic apparatus for measuring the

concentration of the oxygen in the oxygen enriched gas
and flow rate of the oxygen enriched gas, the ultrasonic
apparatus comprising:

a conduit for recelving and flowing the
oxygen enriched gas;

a first ultrasonic transmission-reception
device mounted to the inside of the conduit;

a second ultrasonic transmission-recepticn
device mounted To the inside of the conduit to face the
first ultrascnic transmission-reception device;

a transmission-reception switch for
switching the operation mode of the first and second
ultrasonic transmission-reception devices between a
TLransmission mode for transmitting ultrasonic waves and a
reception mode for receiving ultrascnic waves;

a temperature sensocor, disposed in the
conduit, for measuring the temperature of the oxygen
enriched gas flowing through the condult;

the first ultrasonic transmission-
reception device generating forward ultrasonic waves
relative to the flow direction of the oxygen enriched gas
when the device is in the transmission mede and

generating backward waveform when the device is in the
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means for generating trigger signals when the forward and backward
waveforms pass over a predetermined level; 15 means for generating
forward and backward zero-cross signatsiwhen the forward and backward
waveforms pass over a zero level; propagation time calculation means,
coupled to the temperature sensor, the trigger signal 20 generating
means-and the zera=cress sigpabgenerating meansestos {Tpcaloutating enic
hossble-propRaatan fime, range g the,Basls oL e 9z 1r0BeIaHIe..: on-
defected b§ e temperature sensor, (2) determining whether or not tﬁe
pha&e$ BiwRichd®G Tt trigger signals, respectively 25 generated on the
basis of the forward andbackeatch dvariefarres; coincide: with eachather,

(3)progessing the. zero-cross.signals sothatthe phases coincide- with ;¢ 5

each other if they go not _coincide with each other, (4) obtaining reference
zefEdross Time- Mstart by S0'cAlCaRfing ean valle of e fdhward and = 92°
baskwardZero<eross ¢imes instarits &(5) bbtadning ahaultrascisic aedeption

point by subtracting,an integral multinle of+tbe cysle ofdbe sdtrasonie, the
waves so that the results of the subtraction f%t%s into the. %%Sc’is'%lftr conic

propagation tihd 35 farde Sh (6) Estirnating SSor

. g u]ft(?asonlc propagation
time2 va the basis ot the Ditrdsonicireeaptioh PERE B Art-ExygeR- SSion-
concentration:system aegording to claim 12 - 32 wherein the distance

along the condult betweep, st and SREDIURSPNG  goer signats when
transmission-receptionIaewces Is sefected so th onygﬁe result’of the

substhactibh Fefid Intd tHe oSSt propabation imeange detérmiined over
5 possibite-werking: conditiens of the ultrasonic apparatus. 14. An oxygen

Conce”traﬁon system %%%ﬁqg‘gf@xc ' éﬁaw_@%@"f&%@@“&ﬁ@'%kwazd
the conduit between first and second ultrasonic transmlssmn-r%%%pnon

deviceS s diestad 16 Safisf tHE FOlIowifig TEAHET. LGS/ CRmTTAiIA) -
Ls/Cavax{Tmiry) ©aHs over a zero level;

propagation time calculation means,

coupled to the temperature sensor, the trigger signal
generating means and the zero-cross signal generating
means, for (1} calculating a peossible propagation time
range on the basis of the gas temperature detected by the
temperature sensor, (2) determining whether or not the
phases at which two first trigger signals, respectively
generated on the basis of the forward and backward
waveforms, coincide with each other, (3) processing the
zero-cross signals so that the phases coincide with each
other if they do not coincide with each other, (4)
obtaining reference zero-cross time instant by
calculating mean value of the forward and backward zero-
cross time instants, (%) obtaining an ultrascnic
reception point by subtracting an integral multiple of
the cycle of the ultrasonic waves so that the results of
the subtraction falls into the possible propagation time
range and (6) estimating the ultrasonic propagation time
on the basis of the ultrasonic reception point.

13. BAn oxygen concentration system according to

claim 12
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where: Ls: propagation length (m) f: frequency of the ultrasonic waves in

the sample gas 15 Cmin(Tmin): the lower limit of the ultrasonic velocity
(m/sec) through the oxygen enriched gas;at the lowest working

temperature Tmin (Celsius degrees) Cmax(Tmin) : the upper limit of the
ultrasonic velocity (m/sec) through the oxygen enriched gas at the lowest
20%@5@9&6@}{@@@&51@%@ (§§1§.me @e@eeﬁh&yﬁ; BXYGRIEn first and
concentration.system according to claim 12 wherein the inper radiys o

the” €Ot uclgt is lgsé/é:lg(‘c:’t%%ls% t?]léf%hsemcji ifference betwaen the ?og;\yvg%r% gn : .
baékwar s pagatir imenis ntdller #faitithe Gele o5 tHe daasome fallis
waves dingdee theowerking: conditien of the, oxygen eatichedigas: A6 el over
ultrasonic_appar accordi I ei | di

comTnt 1S Seloctad 1 2ty e ollowing relagon 30 Lal Connn (T 02"
-Qmax/ (60b007ER2Y) % L EFIC AT ERAY FOMasd (S000E7Er2 5T A \WHere?
Lscpropagatiorvtength (m)tiannersradiuscofdiecgndiie(mp88fit between
frequency af the ultrasonic,waves in,the samplergas Conclmin:then

lower limit of the ultrasonic velocity (m/sec) through.the o;xger; e%[il%hed
gaSat e Bwest Wotkingtemperature THnir elgfﬁs degreds)-33 -+
Qmax: the upper limitleftheoigen enrithé8.gasTiow rate (litér/min) 17.
An.gxygen concentration system according to claim 12 wherein the

conduit inﬁlu_degr% starai%%lt g)\tiqrga 1,15 @r}]ld p%rpendicular portions
perpendicuiarly Cohnetied to the erds of the straight portion; the first and
second ulfrasérie Ar@rshiisSiontreteptcr d6HBes aredi’poséd imtheSample

gas

Pt
ik

Coin {Tmin) ¢ the lower limit of the ultrasonic velocity
(m/sec) through the oxygen enriched gas at the lowest
working temperature T, (Celsius degrees)

Cuax (Tmin) ¢ the upper limit of the ultrasconic velocity
(m/sec) through the oxygen enriched gas at the lowest
working temperature Tp, (Celsius d@greeS§

15, An oxygen concentration system according to
claim 12 wherein the inner radius of the conduit is
selected so that the difference between the forward and
backward propagation time is smaller than the cycle of
the ultrasonic waves under the working condition of the
cxygen enriched gas.

16. An ultrasonic apparatus according to claim 12
wherein the inner radius of the conduit is selected to
satisfy the following relation

Le/ (Cmin { Tnin) =Qmax/ (60000m?) )
~Le/ {Cuin (Tmin) +Onax/ (600007r%) ) <1/£
where:

Le: propagation length (m)

r: inner radius of the conduit (m)

f: frequency of the ultrasonic waves in the sample
gas

Cmin (Tmin) ¢ the lower limit of the ultrasonic velocity
(m/sec) through the oxygen enriched gas at the lowest

working temperature Tun (Celsius degrees)
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perpendicular portions to face the ends of the straight 10 portion; and the
distance between the first and second ultrasonic transmission-reception
devices and the respective ends of the straight portion of the conduit
satisfying the following relation. 15 0<D<fr2/C D: the distance (m)
between the first and second ultrasonic transmission-reception devices

alnd the rgspective-endsefthe:straightpartien &:fregueney of theed gas fiow
ultrasonic wayes in the sample 20 gas (Hz) r: inner radius of the conduit

(mf%:tf 6\E/el&)‘a y%o? %h/erzn ﬁf%?)asonic waves (m/sec) 18. An oxygen 4
concentration sy'steri’ate6rding 16 Chaikt 12 Whefeid tRE caRGEt 119 t°
seeuredrtothe wxyger 25 coacentration apparatussat anespointitghalloywt ion

thea%%”%%%%ﬁaefmﬂx expand in.the longitudinal direction of the, straight: .,
portion freely from external force which'may be generated when the

corrdit RRérmallydéfofinegtont portion;

the first and second ultrasonic
fransmission-reception devices are disposed in the
perpendicular portions to face the ends of the straight
portion; and

the distance between the first and second
ultrasonic transmission-reception devices and the
respective ends of the straight portion of the conduit
satisfying the following relation.

0<D<fr?/C

D: the distance (m) betwesn the first and second
ultrasonic transmissicn-reception devices and the
respective ends of the straight portion

f: frequency of the ultrasonic waves in the sample
gas (Hz)

r: inner radius of the conduit (m)

C: velocity of the ultrasonic waves (m/sec)

18. An oxygen concentration system according to
claim 12 wherein the conduit is secured to the oxygen
concentration apparatus at one point to allow the condult
to thermally expand in the longitudinal direction of the
straight portion freely from external force which may be

generated when the condult is thermally deformed.



