WO 2004/094960 PCT/3P2004/005590 -1 _ DESCRIPTION
ULTRASONIC APPARATUS AND METHOD FOR MEASURING THE
CONCENTRATION AND FLOW RATE OF GAS 5 Technical Field The

wWyentiemsgelates to ultrasonic apparatus and method for measemingtkeo
concentration of oxygen gas in a sample gas-and flow rate of the sample
gas, which is supplied from an oxygen concentrator used for a medical
10 purpose. Background Art It is Wel%g(a\ﬁ/&th%the propagation velocity
of ultrasonic waves through a sample'gas is presented by a 15 function
of the concentratlon and the temperature of the sample gas The Ve|OClty
C(m/sec) of Wlirara § 3 HAG 2t b

presented by flowmg g@@@mgigm maan'motemtawwemmmﬂ and the
temperafure T(K), 20.COn(KRT/M)112 ...(1) Where: K: ratio of molecular

specm

eat at constant voJume qnd molecular specific heat at constant

pressure R. gas'€ontait ©5°Théfstore | meastfing the ve‘fouﬁ}j §F = -hs and

uItrasonitseWéVesfe’(nﬂ%@“ﬁﬁd‘p‘%&éﬁtgcﬂﬂ%@h%?%l@§a§}3’|ﬁ?thegas in 2
temperasarer LK pefsthersample’ gastwillgrovide tiantneans dnoleculah 1
weight h@@;ﬁ&h@.@@ﬂﬂa&@tm@ug@rﬁ salesdation Joar example:dhe meancal

%)Iecul

gas mix

% M of 30 a sample gas containing an oxygen-nitrogen
reo

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

following equation (2). M=M02P+Mn2 (1-P) _(2) Where: 35 MO2:
Molecul&@=@eight-aFoRygen gas M,r2: Molecular weight of nitrogen gas
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ultrasonic waves through 2 sample gas is presented by 2
function of the concentration and the temperature of ithe
sample gas. The velocity Ci{m/sec) of ultrasonic waves
propagating through & stationary gas 1s presented by
flowing equation (1) with mean meolecular weight M and the
temperature T(K).
C={XRT/MYYR (1)

Where:
K3 ratio of molecular specific heat at constant volums

and molecular specific heat at constant presgsure
R: gas constant

Therefore, measuring the velocity of ultrasonic
waves C{m/seC) propagating through a sample gas and the
temperature T(K) of the sample gas will provide the mean
molecular weight M of the sample gas through a
calculation. For example, the mean molecular welight M of
& sample gas containing an oxygen-nitrogen gas mixture of
a2 mixture ratio P:(l-PY{0=Pxl) will be calculated by

following eguation {(2).

o

M=Mop Py, (1-PY ... (2)
Where:
M., : Molecular Weight of oxygen gas

Mp: Melecular 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
8veiadige range of the oxygen-nitrogen mixture ratio. ¥Whenth&nessoes
velocity of ultrasonic waves propagating t?rough a sample gas is

C(m/sec) and the flow velocity of the sample gas is V(m/sec), the velocity

of ultrasonic waves C,(m/sec) propagating in the forward direction 10
relative to the™S4hpfegas flolf iISTIEC+VORAGRRE TR oftifraBBnic
waves Ci(ma/see) prtopagating icthe ubackwarddirectonzelativeiotthe
samplegas flewrisn €27C e abhersfera, the uplagiitolthe §aEWIQ 9ASample
flow V(malgec% IS calculated‘_tr)y ftollovglirg e%uation (3). 15 V.:gC,;CZ 2 "b(a
The flow Taté ma/%egf%i;ﬁ?e sémrfﬂg gas Wil b&“6b air”iéé bjy m‘U‘?t?p ?/Fhag

the veloeigroftheisempie gascflon By the BettivAskaeen(m2y bitige ratio.
conduit through ewhichethesSampte gas flows 220 Methegdsangropagating
apparatises for measying the ccarcentration.of a.cerajn gas,or the flowey of
velocity of 2 sample gas, bY Using the abave principle, on the basis of, the
propagation veingc“l“ty r t%e*propagath fime ‘of UTtrasoni waves fﬁrqugrff“
the samBi8 GashalES55en DECREGEIbHRY . Hor BxantoreY3afafiesgct ien
UhexamifedtRaermoPublication IKokad Noo6-213877Uescribes ane
apparatus frimeastiringdheseorncentsaien andihe:lowdvie of - sample <he
gas by peasyring he-propagation Ume,of ulrasonic Waves RIOPagAtng; ¢
betweer&t=wco_ ﬁltraslq{g(’:: 93% }ganst ucers {)(%)f%n%l)f dJ%posed in a condug&
through “hich’the _s‘é'mpfe gas flows. Fuf \er, ‘Japanés% Shexamiféd =-°v
Patent PUBKERfons- K ST N 72209065 anP S B-2887 HEHestlibe an
apparatus for measuring the concestration)ofz a.cedain gas contained in a
sample gas by.measiing (e 39.prapagalion velocly.gr propagalion, ine

of ultrasonic ,vxaveg} e!i:)ropa atin%throu%h a volume with a reflecting type

WO 2002083586 BEUNPo0CHB0EE0D ne sample gas

flow by the sectional area (m®) of the conduit through

3 velocity of t

which the sample gas flows.

20 Methods and apparatuses for measuring the
concentration of a certaln gas or the flow velocity of a
sample gas, by using the above principle, on the basis of
the propagation velocity or the propagetion time of
vltrasonic 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 copposingly disposed in 2 conduit through
which the sample gas flows. Further, Japanese Unexamined
Patent Publications (Xokal) No. 7-208265 and No. 8-233718
degcribe an apparatus for measuring the concentration of

& certain gas contained in a sample gas by measuring the

Lk
1

propagation velocity or propagatien 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

Wi asaRiGAaves, it is necessary to accurately measure thepropagatiar:
time of the ultrasonic waves. However, the signal generated on the basis

of the received ultrasonic waves always irfcludes noise component,

which makes difficult to determine the moment 10 when ultrasonic waves

are recéiVea e LRFASEHIE YrafisHasEr SRerefdres € pr6pagatoRtime

of ultrasoprswayes is isgicectty estihated:through a complex signal
processing pregeduts: Ok arpoinBlexaNardwaigrEor example, dJaRanesacs the

Unexamipgd Ratent o, Publicaion fgkap No. %ﬁ%%%d‘éﬁ‘é“%?%éagauon

method foq measurlgg a propaga ation tlme_ of utrasonlc waves in w |cr1O

the waveforni ofthe reCeived Utrasonic waves 1$ m‘fegratea “Rferthe”

results @F’lﬁ‘é‘iﬁ’f@éﬁétWﬁﬁ% W/ STORRRRAERCT p?éﬂ@te?l%lﬁé‘& VhlETheenic
first zerorevess 2Citiwevimstarittis deteminarkas the piopagationttimneofof the

the ultrasericwaves fekthenmeasurementofthe floyy fates Aecerding to
the methad, the timing.of the generation af . ihe, zero-grass.gignal IS,00k, e n+

luctuated even.if the amglltude of the received Wa\%gs is, fluct ated to

s8me 25 8%tert: THETRR S, WY BBtaihed2L15f88s ﬁné?ﬁst‘éﬁ?ﬁsomc
relativelF £/6S616 Bie mOwRFR IS thd tilPstRg 2haves detGaly reach.
Howevenlthezebtained zere-cross niimesimsiantds notaeatipropagatior:
time of thempiteasaeniginaves:dafrarticylai-vienthe eencenisation 30 is
measur%é&ﬁa@‘&as%%@e&%wés 5& %Qléééfe&%%qc S ihe dﬂl‘a‘%!&@&e

between the real propagation time an the zero-cross time Insta

Farther, Japaticte Ohekaffifed Pitent PUIRAH0RSIRERETNG method for
60-138422¢E4¢ive $ afioP A RSty B5 deEeSATRicHSPs o which
envelope carve s taloulatedior the asredf theweseidrmwoithe reseived

ultrasonichiwayes« khe rige dine gfdhe envelape eurye is galcglatedy 88 the

WO 200649)%45%?% P&LW%O%%ggééggmined vale, the first zero-cross

20 time instant ig determined as +the propagation time of the
ultrasonic waves for the measurement of the flow rate.
According to 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
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axtent, Therefors, the pbtained zerc-cross time instant
18 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
ultrasonic waves. In particular, when the concentration
30 is measured, the measurement error is strongly affecied
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 ig calcoulated 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

eRvalanecLrve 5 based on the sampled waveform. Therefare.aneonding:

to the invention of JPP 1422, it is difficult o provide a compact device

with low cost. Disclosure of the Invention 10 The object of the invention is

to provide an ultrasonic apparatus and method for measuring

concentBEEPIARE FoWF FaESdPHas WRIH BRGW o1 &cEdiaieRAMeasure the

concentratipacand flovi fate. of csample gasiwitiouts complessigaaly to

processingand ehe 1beadditional hardware Aecearding taithe pregenrt: signal

inventi ct_@sg%i%?ow%%%@&L&&@S@Q%@.@@@ué formeasiing, e urve
oncenfralign and flow rate ata sample gas, compusing; 2 condultfor.., -
owing Th& Samplegas, 2R first u?trasoﬁlc'tr'ansmlssloﬁ-réceptlon evice

mountett® tEFRIdE BT the TBRAUZ A sedontFultshifieit o provide a

transmisskgprrecajstiorr deviceh mownteekto- the inside of the conduit to face

the first ultrasonic transmission-reception device; 25 a ‘

transmigsign-racention-switch for switching the operation mode of the first

gnd second ulgrasonic trgnsmi%ﬂgnsreggg%igg devices betweena _

transmission moqé’ I tranSit ing GftraSORiC waves and a reception

mode fotrec@RARg UIFEEBAREWAVBE 30 ttfpFituie &BRSoF Wisposed

in the cowduitpfor atreas iy fhietempesaterfe vfthe wahdleagasfloming

throughdbewcenduit thedfirst wltasonieiransmissiosrreceptionodeyicee of a

generating forayduiraengic wavesiielaivestotie fow 3addieationf the

§gmple c?géwgeggbehde‘)g%erlsem the transmission mode and generating
backwart Wavetdim whsh “tHe device is in the reception mode on the

basis of the WAS $O0ZA004960-PE HIP2BOU16DB80p1 o5 there s

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

a conduit for flowing the sample gas:

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

a second ulirasonic tranamissian—récépticn device
mounted to the ingide of the conduit to face the first
ultrasonic transmission-reception davice;

25 & transmission-reception switch for switching the
operation mode of the first and second ultrasonic
transmission-recepiion devices between a “ransmission
mode for transmitting vltrasonilic waves and a reception
mode for recelving ultrasonic waves; '

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

the first ultrascnic transmission-reception device
generating forward ultrasonic waves relative to the flow

35 direction of the sample gas when the device is in the
transmission mode and generating backward waveform when

the device 1s 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
velativertastbe flow 5 direction of the sample gas when thedevicessinstie
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-rec§ tion ([j‘eevits:e; 1géneans

for gen%‘?ﬁﬁﬁﬁ‘?ﬂgﬁé%?g?%é%ﬁ&ﬁ’ Bfe HOMFAFT ShdBackard waveforms
pass ovétaasetiete i ieFde eRte BT ieh&tatingTForward and
backward zergrerass-signalsiwhenthe fonsahand backwvabvavefoiensice

pass oyehdkaazefodenel; rapagatiendime calauiation raeans, coUpled tolow
the temperature sefisor, Ine,lrigoer signal generating eals andithe.y,e

zero-cross signal generating means, orérlgl_ calculating a pss@le
propaghliBRTMETARGES thé 20 BEEE B GaS e Ceirg”tﬁ?ee cetected™"
by the tekpeRitlPE Sénsar, PPRJERTATRIRPWRBHFCST ROFIRAPRESES athe
which tweckst sdgget signals orespeetvebngenerate thyon itke basis of the
forward,and hagkward-waveimsncoicide with eaghother, (3)
Jprocessing th%?zaq{g-%rénlssg%%}1 éw%ﬁ% hay the. pQ??gglCé)l%lgg with

each other if they do not omctlj?e wi m',‘,each otheré (F)‘ﬁobtainlnig égtcer%rgcged
zero-crbSE Y& itdant By LTI atiRg TheaR™ vaRE o the forwaird and -
backwakéze¥ro-cross time instants, (5) obtaining an ultrasonic reception
point by 30 sufdeactinghangategratinuitiglerofaheé @yole o ¢he aulfrasome cross
waves sg thatitheiesults:Qf thesubtraction dalisintedhepessibles pass over
pgopagaatiozne‘tjm%hg%nge, and (6) estimating the ultrasonic propagation time

the

'on the basis of Slfr’asonic reception point. 35 Further, accordi

ng to

another featur& GF{HER TP&ntiorf thefe 7' pPovidBd™s ﬁ’t_éitho‘agdlf%%cgsﬁﬁ ng"s

the corcemnpeatiorioksanipie gasHowirg ti6tgh wesadgrnerating means
and the zero-crosg signal generating means, for (1)
calculating a possible propagation time range on the

20 basis of the gas temperaturs detected by the temperature
sensor, (2) determining whether or not the phases at
which twoe first triggér signals, respectively generated
on the bagis of the forward and backward waveiorms,
coincide with each other, (3} processing the zero-cross

25 signals so that the phases coincide with each other if
they do not ceincide with sach 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
ultrasonic waves so that the results of the subtraction
£alls into the possible propagation time range and (6}
estimating the ultrasonic propagation tims 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,



WET 2004/094960 P0/02004/005590 6 comprising the steps of:

generating forward ultrasonic waves relative to the flow direction of the
sample gas; generating backward ultrasonic waves relative to the 5 flow
wisestignetihe sample gas; measuring the temperature obthersanpiegas
flowing through the conduit; generating._trggg__er signals when the forward
and backward waveforms pass over a predetermined level; 10 generating
forward and backward zero-cross signals when the forward and backward
waveforRTERpass B¥et Bz &tPRévé” Calculating a possible propagation time
range on the dsagisBfthe faranperdtire slefdtiedadyp the tdmpevature the
15 sensokweierpingwhetheroraigighe phases at which two first

trigger signalg,Jespectively,ganeratgd,on the, basis iihs foavard:gad. o chne

ackway waveformts, coincide_with_each other; 20 processing the
flow. direc l%ﬂ ?%I the sample c:as, . .
Zero-croSs signals so that the phases “coincide with each other if they do

not coincide IBR S¥&ER Bt SHIBRTG Fefdtefide TaToRABRS §infé TndrRr o9

by calcutating meas vedualof the forward and backward zero- 25 cross

time instants; @iatrirg & Lliasenic seeeplion poumt mhsubitaciing and

integralmuitiple of the cycle.of the Lltrasonic wayesso-thatdhe results of

{he subtraction falls intg the possible propagalion limg Jange, and 1 o1, 5

estimating thegul?rasonlc %ropa aﬁon time on the baslis o?the UF[I’&SOI’] C

receptidH“EBin??‘?uﬁ‘l’r’é‘f’f“ééc&?d%nﬁ%Qfﬁﬁefﬁﬁe‘éﬁﬁf"é@?tﬁ"@%ﬁv’@ﬁﬁb‘n? zero

there islgweided an oxygen concentration system for generating an

oxygen enricheghgas scamprising 3bian oxygenopncenirationeappamiusn the

for gengraling ai Qxwen, enrichsd.0as, by adserRINGNIOYENIO ERHOYE u re

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

20 processing the zero-cross signals so that the phases
coingcide 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 ilnstants;

obtalning an uwlzrasonic reception point by
subtraviing an integral multiple of the cycle of the
ultrasonic waves so that the results of the subtraction
falls into the possible propagation tims 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 oxygsn concentration
system for generating an oxvgen 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

wlraganigeapparatus comprising: 5 a conduit for receiving i fiandngstoe
oxygen enriched gas; a first ultrasonic t_ragsrpission.-reception device

mounted to the inside of the conduit; a second ultrasonic
transmission-reception device 10 mounted to the inside of the conduit to

face the first Bftr&dorie SRIHEMISHGH FEREPHGH dBSRAF G NY the
transmissiotrractption switchifer switehing the: 'eparatioarmedeich e firss
and secordl Blitasani€ «transAlssSieRviesepinn dmbees HEIWeRs &l trasonic
transmiggion.-1% modedpr fransmitting ultrasonic waves and a reception
rﬁode for recejving ultrasopic waves; a.temper ttgfc}%elm%sorﬁg{ias%o}{sede;ln

the conduit, for measuring e Eemp“eraﬁ?re ot the oxyge% enrlchea%as
flowing BFrotigttthe®@8nduit; 20 the first ultrasonic transmission-reception
device generatifgI6rwaid ORPRSGITIC WAPEIVSISHES t& Eive fokw rdifsstiore

of the oxygen=ehrichethgashelide the devicerisndnike transmission mode

and generating hackward, waveferm -whenihe device is iz the [eceplion c.
fpode ophe hasis of 25 the received ulrgsonic waves generated by tne _,
second uI‘tlrasonicg ?raﬁsmisspn-recepﬂon device; the éecéna ultrasSonic
transmiSiohaEeptiont devites §EnRrafitg Batkvar® titrasonic waves
relative to the flow afirsction of tireoxygenrentichiechgds when tive teyicehe
is 30 in the transmissiaremode.apd:generating fepwvard wavefararnwhen

the device.isdn.the recepliondneds Qihe basisaf, the receiveddylirasonic

reves dode ated by the first ulrasanic ansmission.reception device; ;

means for eneratlng&%ngger Signals when the 35 orward ahd oadkvard ©
waveforﬁ%gﬁaég%vﬁ?caeﬁﬁ’éd@te?ﬂwﬁé&"’m;" waves;

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

20 the f£irst ultrasonic transmission-reception device
generating forward ultrasonic waves relative to the flow
direction of the oxvgen 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 gensarated by the second
ultrasonic transmission-reception device;

the second ultrasonic transmission-recepiion device
generating backward ultrasonic waves relative to the flow
direction of the cxygen enriched gas when the device is

30 in the transmission mode and generating forward waveform
witen the device i1s 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 forward and backward waveforms pass over a predetermined
laval;

means for generating forward and backward zero~cross



level; means for generating forward and backward zero-cross WO
2004/094960 PCT/3P2004/005590 - 8 signals when the forward and
backward waveforms pass over a zero level; propagation time calculation

weansedpled to the temperature sensor, the trigger sigpatGeRngI a6,
means 5 and the zero-cross signal generating means, for (1) calculating a

possible propagation time range on the bBasis of the gas temperature
detected by the temperature sensor, (2) determining whether or not the

phases S iich heB firBetrigyaradignans regsectively GoyREateE 1DaRfFtiRyer
basis ef e forheard land backward waveforms, coincide with each other,

(3) processing Hie 2eEa-6£03S riigBale-s0 dhaldhenhases esinside With che
each othgrif- they. donotcaincide with .each other . (4) %%&%fyggiﬁ f%%@ﬁ%

ero-cross fime instant lg%ca culating mean 15 value ofthe forward an
% ax%s L2 Zero-criss ?lr%naf geBFIatE«ﬁQ mﬁa’ﬂs .__05 é t\
ackward zero-cross time “instants, (5)"obtaining an ultrasonic reception

point A <UbtAct?@ 4n PRSI TSR GERe By cle BF tRé "FIfrabnid e
wavesse tiratthetres utts sof thamstutsttactio s daks rtd the pdssiblenperature
propagaiigi ime; pange: aseh(6) 20;estimating the WHasenic prapagation

time og,the;bass, of;the. ulirasonic. reGeption.point Eunber.accqrding 19 . 5
3_(Salnothecr El‘egigerebof the invention, there és growded an oxy%e

n
concentra}tlgn _S)?‘sstéﬁ] for &gﬁerh?ﬁ]“éag o@ﬁeﬁ%ﬁ?%%e% %%SWEing:
25 an 6Rygentdntentratidrragiaitius (6r gERERRATIAR ORYgEREITIEHERE
gas bysddserbingnittdgen to¢epioveetheqimogdn fromithezail; anchan 1if
ultrasopieapparakis fos easuring the-eencertsation of thewxygendp the

O S ERLCOROO% A 8000 WAL OISR ENIIEELIRS Mo
Hhe cONREIE o SRRV T BAE LR 8 AT TTAR T ime

e concentration o ic
UansnﬁﬂﬁGHQ%%epﬁéﬁcﬁﬁﬁ ining an ultrasonic reception psint by
subtracting an integral multiple of the cyvcle of the
vltrasonic waves so that the results of the subtraction
falls into the possible 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 opxvgen in the oxygen enriched gas

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

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

a first ultrasonic transmisgsion-reception device

(&5
in

mounted t¢ the inside of the conduit;
a second ultrasonic transmission-reception device
mounted to the inside of the condulit to face the first
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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 - / ultrasonic transmission-rece%tion 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
tran§rgission-irec%ption devices are disposed in the perpendicular

portions T fAceE the” 8RS b the straight portion; and the distance between
the first arté see6id titFasoic tFarfsrhissidrireception dévicéd and the
respective-ends of r1Q the:straight portioni ot thesconduitsatistying the the
following relatjan. 3<D<fr/C, swhete: D:-the distance (m) between the first
and second 15FuI:[“rasogic;trg:ngrgis&zi%q.trgges%tj%rﬂdq\dqg% andthe
respective-iids bf the Stright portion frequency of the Ultrasonic waves in
the Baffite Yas THZ) EShnSrAdGS B iTE canddit P20 \elGEity Of the
ultrasanic wavesc(ni/see) BriefDescriptiorref the :Brawings Figurer ; issad
schematic.diagran of an-oxgen. conegatration @p@@;&ﬁty@@gﬁgr@mg theonic
invention; 25 Figure 2 is a schematic diagram of an ultrasonic .appar .
of the Hveht o Rigure 3A is'a Q)v%%féf’n%ba?%% of. the. r('EeS,gftge]%\?e“dw \pfg B of
ultrdsonic Wavest Figité BBR &n enfdtgediiiflistratioh=dfa poftion 50 of
the waveternmghewnan Figure 3P_; Figure 4 is an illustra7:__on showing
the ultrasonic waveform with the trigger.signals and the zero-cross

sign‘%ls; Figure 5 is a graph showing the relation between the 35 velocity

of th& Gltrasonic waves and the temperature;

D: the distance {(m) between the first and second
rasonic btransmission-reception devices and Lhe

respective ends of the straight portion

frequency ¢f the ultrascnic waves in tThe sample gas

(Hz)

r: inner radius of the conduit {(m)

C1 veleoclity of The ultrasonic waves (m/seg)

Brief Description of the Drawings

a schematlc diagram of an oxygen
atus according the invention;

igure 2 is & schematic diagram of an ultrasonic

apparatus of the inventlion;

1

Figure 3A iz a waveliorm based on ths recelivad

ultrasonic waves;
1

"

g an illustration showing ths ultrasonic
T

H

igger signals and tThe zero-cross

Figure 5 is & graph showing the relatlon hetwesn t
s and the temperaturs;

&
tration showing forward and
a

Ll



Figure 6 is an illustration showing forward and backward ultrasonic
waveforms case that the phases, at WO 2004/094960
PCT/JP2004/005590 - 16 which the trigger signals are generated,

aingideswith each other; Figure 7 is an illustration similarge¢hadsef vosses
Figure 6 in case that the phases do not coincide with 5 each other; Figure

6 is an illustration similar to that of Figﬁrelg in case that the phases do not
coincide with each other; Figure 9 is an explanatory illustration for 10
explainifigitie Wy fof sbigning @5é reréxsosS iRTe iRStarftiitls &fe with
assumpiarhthatithe;sample gas is in stationary state; Figure 10 is an
explanatory ilisiratiomfor sexplainingdhewan fokoktaining:hecwiirasenic
receptian 45 pojnt; Figure. 1 5.2 sserion gbile irasanic gpparalis, .,

[
according to anaother e diment of the' invention; Figure 12 is an
eXxplanaisfiilRisdatibn for explaining the sound field formeéd at the front of
an 20 ultrasohicrttafisBuéer;Frigiites 3 BrsHovPS expBERTEntaP rédidlts 6f
ultrasortic¢ cwawetorins wdieh viere abtained bysariappatatusioffigereith;
Figures 4 shgwssexperimental results of ultrasonic 25 waveforms which

were obtainedby an.agpaats of Figure LL.and Figwies, 15 shois

experimental results of ultrasonic waveforms which were obtained by an
HpparatiERrriGure 13l Best ModB 1o EARing out the iiveitort 2™
preferrethéfsdifmett 6Hthé FTBBERERYVEHtiBR Wil beAdEsEilsEE befow Fin
the embodimant dlesceibetebelow, a sample gas is composed of a mixture
of oxygen andriqure 10 is an explanatory illustration for
explaining the way for obtaining the ultrasconic reception
15 point;
Flgure 11 is a sectlion of the uwlirasonic apparatus
according to another embodiment of the invention:
Figure 12 is an explanatory illustration for
explaining the sound field formed at the front of an
29 ultrasenic transducer;
Figures 13 shows experimental results of ultrasonic
wavelforms which were obtained by an apparatus of Figure
11

Figures 14 shows expsrimental results of ultrasonic

38
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waveforms which were obtained by an apparatus of Figure
11; and
Figures 1% shows experimental results of ultrasonic
waveforms which were obtzined by an apparatus of Figure
11,
30
Best Mode for Carrving out the Invention
» preferred empodiment of the present invention will
be described below. In the embodiment described below, a
sample gas iz 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
supplied to a mixture including WO 2004/094960 PCT/JP20041005590
W& uaeiagr gas. Figure 1 shows a schematic diagram of @i gry@etessso
concentration system having an ultrasonic.gas concentration and flow
rate measuring apparatus according 5 to ‘a preferred embodiment of the
present invention. The apparatus 100 includes an oxygen concentration
apparati® 1o whRsh produces an oxygen enriched gas by removing
nitrogen fronFtheuatie suppliedsby: ascompegsisord 164 feomcthezoutsigeyef
the system-threugh a:filter406x HaFheoxygen enrsbadgasgproduced by

the oxygef,caneentgtion apnaraius 102 is supplied 10 A0, LMASONIG o .o g 1ng

apparatus 200 of the present invention through a flow rate, settintgidewce
108, suth &s %*ﬁrfees%u?e rédtd |5Ir!1‘e\r_}glv%f The produced oxygen enfiched
gas is then sUpSlictPR51® A Bisef br HHatethiGu G EeSFodiretiotiMiftér o7
110. Themxygerscéféemration=ppiratys elydegan phrraligheficakempy
(not shewryferaceamraadating onitragen agserhent Speh-as a zealies8sor
piping systery fpot shown) dagluding conduis far dirgctingthe 201 cor 106,
gompregged.alr from ihe compressor 104, 19 cach.of the Bluralty of
“columns ané)fgr‘directlng € prggucgd oxXygen enriched gggﬁom the '
columnSIBIRBHIGH Fafe ARRARG dEvide 10B%arfd valeEs (gt sHowimtrasenic
disposetbirthe wipiitfsystent forrseleetivelyopaniagrand: closing $theé 25~
conduits se-thad therafdsasbest containeddn one ef the: solumns-adsarbsn
nitrogen tq produce the oxygen.endched gasanddheadsabent,, suppiea

contained In the other columns release the adsorbed nltrogzyeln for the

TRgeneratioh 6Fffe HdsdrBaRE S with Fstdrerit Pt Ritfurss that o= 10

ultrasonic apperatE T oF B BRéSETLiAle ABBI T HieaRtf i fife 2

concentration aind thet flowlrate of ensamplegas Witkbe cdesorilied befow.
nitrogen adsorbent such as a zeolits, a piping system
{not shown) including conduits for directing the

20 compressed air from the compresscor L04.to each of the
plurality of columns and for directing the produced
oxvgen enriched gas from the columns to the flow rate
setting device 108 and valves (not shown' disposed in the
plping systenm for selectively opening and closing the

25 conduits sc that the adserbent contained in one of the
columns adsorbs nitrogen to produce the oxygen enriched
gag and the adsorbent contained in the other columns
reizase the adsorbed nitrogen for the regeneration ©f thse
adsorbent.

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

The gas concentration and flow rate measuring

35 apparatus 200 includes a conduit 202 for flowing a sample
gas or the oxvgen enriched gas produced by the oxygen
concentration apparatug 102. The conduit 202 has =a



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
Ras:aIMQ2004/094960 PCT/3P2004/005590 - 12 straight-poeiomn268s
and perpendicular portions 204 and 206 ggnnected to the ends of the
straight portion. The straight portion 208 comprises a conduit member
having a circular section, the diameter of which does not changes 5
along tRETEGHTHIRGT axR: P KirsPOfr&SGme bdisutter 28t Hrasidhiyd a22¢
first ultra8bnietrandraissionrbeeptidn devidaids fixeahgprovided atran  The
end of therinsigde: of e stmightpedion: anska secondubliragamier having a
transduger 222, prexiding.a segand ulttasanic 10 fransmission-resention, cos
device, |§0flr§edj?\g‘ranciuﬁrge9¥tg he_ other.end oit@g Inside.of ;ngs&%lght
portion 208 Tace the first uﬁras'omc %ra'nsducer *Zﬁ 8. ‘ﬁi’"%ﬁis
embodifféie tE Hstahte Fatesh ffe firdt Bt sEcdid sfitriSonic
transdueEfs: S 8san@ RIeRRta e dievs 45 propagateA lengurr idede at an
perpendictdlarfpartioni2@4 ddispdsedeatsthes fipstreany sidenrelative 40 ébeond
flr?]w dirgation o the ?_a%ﬁ@mti@ @9ngg'@@9&&%5%&@%8558&1{%%@%3ic
e oX ncentra u connecte e 20.n or
Soaa n Al e ST B B T R S CEty T e £ e
perpen@EaRT BitioR208 SdiPBSER 4tithe™ Bofimstredlht Sife Fétivetd o
the flowZdirectidve of Hrs fasl tiRARIH-the-Eanddin 202, has an dutleh port
206a toaninishi2E the praductiendties 1dd-iseannaatediAst and szcond
transmigsiopareception switeh Z24is;aannected 16 the ficstand.secand

trasonic transducers 218 and 222. The transmission-reception switch

24 indgggr?ggﬁﬁ§'°§W| ches thé*operation mode of the first and second

30 ultrasonic trafs@ECER™I1LE arftf 222 TetRBen’s tratshiesRfm #HodE%n
which thepfitstsar sedendelgasomictiransgudarsy 24 8ramd 202 trdnsimit gas
ultrasonihwavgs and ackeeepiiorne 02, has an inlet port 204a. The

oxygen concentration apparatus 102 iz connecied to the
20 inlet port 204a as a sample gas source 212 through a
supply conduit 21§,

The perpendicular portion 206, disposed at the
downstream side relative to the flow direction of the gas
through the conduit 202, has an cutlet port 206z to which
the production filter 110 iz counected.

L8]
(%23

A transmission-~recepticn switch 224 is connected to

the first and second unltrasonic transducers 218 and 222.

The transmission-reception switch 224 independently

switches the operation mode of the first and second
30 ultrasonic transcucers 218 and 222 between a transmission
mode in which the first and second ultrasonic transducers
218 and 222 transmit ultrasonic waves and a reception
mode in which the first and second titrasonic transducers
218 and 222 receive the ultrasonic waves. fThe
transmission-reception switch 224 is connected to a
microcomputer 226 so that the switching operation of

(a2
in

transmission-reception switch 224 is controlled bv 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

Wangmissien-reception switch 224 is controlled by the WOp20Q45024060
PCT/JP2004/005590 - 13 microcomputer, 226. Temperature sensors 216

and 220, for, measuring the temperatﬁrelgf the gas flowing through the
conduit 202, are disposed preferably in the perpendicular portions 204 5

and 20663 #safrtPielAdo fidk disturb the flow in the straight portion 208.

The temperattgersensors2 Keandr 220idresconistied fothseasuring the
microceg«es 226 IR thispeognectionwi ihe changes intbedsmparatures ,

of the éﬁ@%s%%%%sgé‘é'fé@%?geﬁ t@ﬁée%é‘hté{?c%%%or§%r0a§&§sorzeq

20 may e |gpgged A dr_i\{]er 228 for drivmg ttgebfirgﬁang secon

gl T T not di ke e Tlow in. k&
U|tl'aSO%IC transddcers ?ES ane(YZ %, a z“ero-cross détectioncircuit 2%6 for

detectif§Zer8roseHimarinstants Fhhe SHREAFURPIRERET EhFsécéRd
15 ultr&sonie transaucers 218 and222; iz disptapuni 2 34 for indicating,

for exasplgethe eperating gengdition;et the device 280-and the or the

measutement resuits and memory, 232 Jpcluging a.nqnyglatile memany, ¢ o
l(aewceg{% disc %%\b/lce anr stqr,lr%? the operation system for the

thicrocémputér 208 An8% 4o soﬁgpdmeters are connected to the

microcomputér $86YFhe’gfeEtonC R gltraBBnic s icémTafich R
flow ratelimeasoning appastus 200 of thexpreseht  embogliment vl be
describggihelove 2T Arsainple gass for example ag oyeen-Ritngen gas
mixture; the. mixture fatiq of é"ﬁ&{ﬁgﬂé PCLRIGSPSh)-is stppliedto the
conduit 202. At that time, the temperatures of the sample gas are .

Hheasufbt B 1B fenTp&ISIUNS Sansare 21 Ant 520 Bt e Fedlf VAR

30 theré6Fis'stBicd i e MeMoryF ZB2LEs arefererte® tempetafifetion of

T0,(K). focotdinicto thiteambbdimentstimirement results and memory 232
including a nonvolatile memory device or & disc device
for storing the cperatior svstem for the microcomputer

20 226 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.

25 A sample gas, for example an oxygen-nitrogen gas
mixture the mixture ratio of which is P:{1-Py(0=sF=sl}, 1is
supplied to the conduit 202, At that time, the |
temparatures of the sample gas are measured by the
temperature sensors 216 and 220 and the mean value

30 thereof is stored in the mémory 232 as & reference
cemperature 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

35 generating the ultrasonic waves are transmitted to the
driver 228 from the nicrocomputer 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,
pulses for 35 generating the ultrasonic waves are transmitted to the
|rveidissitom the microcomputer 226. A pulse voltage isstppliedotasthe
first ultrasonic transducer 218 from WO 2004/094960
PCT1JP2004/005190 - 14 the driver 228 through the
transmission-reception switch 224. The first ultrasonic transducer 218 |
gener&®d Hir¥Sonitifarss Roffespihding i the puide T6R&§E - Phe W= cn
ultrasdi#ié wakde geherated by #sefirst BHERBAISS fraiistiurer 18-es
propagate-dgengh thewample-gas flondpggthtoughdhpwstssightpedion  The
208 of the.conduit202.and Argdeceived bydhe second ulirasenin; ¢
dransduger 232, .Ih secong Uluasonic iansducer 222 4eneralas oy i ng
‘electric’signa co"r’r“espond?ng‘to%ﬁé re‘f:eweo%ltr‘ésomc Wa\?es to the
microcompitEt 29 tiotighahe PRRSHISsioN Sréeptith SRREH 92454027
the zerr-eress-detsuliorrcirddit SZ3RIThe MtESCOVhPUtEr?a6 eafilldRs-
the forwgeds prepagaiiat e io; (See)eritkhe basiscobihestizesawhen the
transmified pulses arg genesatadiiothe diiver,228.15gnd thedime wheln; o
fe electlie sianal s, eqaived IIom. e spond uliasanic (a09dUael: 222, ,
hen, the teranémiSS|on-receL%Eonp5W|téh 4 switches the operation mode

of the FREERFASTNIETEUICEr 206 frofn e RaRsmTSsion MHEdaTs the* vt
receptiddmodBhdg iz afterRkis eleditfc SigharfraRtiheBEcond RFasonic
transdugenpd22 13 teceived andialsoyswiches the: soperafionhmodénef thieen

second, ylirasonic ansducer 22 from theJecgplignypodedodbever 228
 ransmission mode. Thereafter, pulses for geggr%tmg the ultrasonic .
Waves 25°are fransmitted 1o the driver 228 from the microcomputer 226.

A pulsé-U8Ita§ETE SupphEaiBhe e Uiifasdric transducer 222 from

the driver 22& ttroughhthet harsmission - recapstion switeh 22h i secondhes
ultrasorige tiahseiices R 2-genermtesdl Fasenicivayas So{espondiag3d: 218

to the pulse volfage, Theullrasgnicuaves,arg lecaiveds  on mode right

20 after the electric signal from the second ultrasonic

4
A

transducer 222 is received and also switches the
operation mode of the secend ulirasonic transducer 222
from the reception mode to the fransmission mode.
Thereafier, wpulses for generating the ultrasonic waves

25 are transmitted to the driver 228 from the microcomputer
226. A pulse voltage i1s supplied to the second
ultrasonic transducer 222 from the driver 228 through the
transmission~reception switch 224. The second uwlitrasonic
transducer 222 generztes ultrasonic waves corresponding

30 to the pulse veltage. The ultrasonic waves are received
by the first ultrasonic transducer 218. The first
ultrasonic transducser 21§ generates an electric signal
corresponding to the received ultrasonic wavss to the
microcomputer 226 through the transmission-reception

25 switch 224 and the zero-creoss detection circuit 230, The
microcomputer 226 calculates the backward propagation

time ¢, (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 _throu%h the transmission-reception 35
switch 224 and the zero-cross detectioni Gircuit 230. The microcomputer
226 calculates the backward propagation time ta,(sec) on the basis of the

time when the - 15 transmitied, pyises are genggated to fhe.driver 228 and
the time wrien the lectric signal i received from the first ultrasonic

trarisdticei D 8" By obtaming e darrvalié of 1§ ahdd®, ke 5 aftBctiolt

of thie fletv ofithezsample gas irstheceandudit 202 can be removed. The
ultrasonic propagation time-isdnythe-stationary-sample gas is defined by
foloyying. equation (4), 9. The miprasemauter 226 hen sallates g, .
ultrasonic propagation velocity Cfs(m sec, t rgugh the stationary sample
gas WEAGRING EqUATGH B -Cs=héis L5 F PRE tonceRRAEEH of dxyglh Py 7
is obtained by 15 followirgegriation (6 orietie bagisoof éguations (1) and

(2). PsrdicRIs/C82-MN2) / (MIn2-MNZ2) ... (6) Further, the concentration of
oxygen in the sample can be ,:,ob_wt{;lineg.kas\a,@tio of the ultrasonic

=~ 5

. . . [ I } eae bS] . .
propagation 20 velocity in the sample g%i?s and the uﬁltrgsonlghpropa ation
velocities -3t2100%-FGRREFGas afid 100% Of nitrogert §as™ That i< thg™©
ultrasomic: propagationivelocity Co2(nisec) athtemperatire IS(C) thraagh
100%:pxygen:gasandrthe, uitrasonic prepagation velocity CN2(m/sec) at
temperature 25 Ts(K.) t.-rough 1QOS%oLof,@Ltroge@ gas can be easily

. . . A e .
obtained by using equation (1). TTugs, Psan be calculated by following
equation (ARt thE Bittasonic Propagatich Veldceity® CRhisdty throlgh
the samplesgas. Ps=@:/Cs2 1/ON22) [f1¢CoatLICN2Z . e ¢Pp308uch(Z) and
calculations are conducted by the microcomputer 126, and the results are
indicated by the dlspla}éyzn-jaRTs/ng-M‘Ng_‘} / (Mop=igs] ... (6]

Further, the concentration of oxygen in the sample
can be obtained as & ratic of the ultrasonic propagation
velocity in the sample gas and the ultrasonic propagation
velocglties in 100% of oxygen gas and 10082 of nitrogen gas.
That is, the ultrasonic propagation velocity Ce(m/sec) at
temperature Ts(K) through 100% of oxygen gas and the
ultrascnic provagation velocity Cee(m/sec) at temperature
Tg(K) through 100% of nitrogen gas can be easily obtained
by using eguation (1). Thus, Pg can be calculated by
following eguation (7) with the ultrasonic propagation
velocity Cgim/sec) through the sampl

Pe=(1/Ce"~1/Cr®) / 11/ Con” -

Such calculations are conducted by the microcomputer

and the results are indicated by the display unit

ar P
[nY

[ S
=

Next, the explanation will be directsed to & method

Q
=

obtaining te1 and ts. In this connection, the moment

wnen the first or second ulirasonic transducery 218 or 222

Y

P

+

ransmits the ultrasconic waves 1s refsrred to as an



234. Next, the exp'lanat'ion will be directed to a method of obtaining tai
and ts2. In this connection, the moment 35 when the first or second
ultrasonic transducer 218 0-.22_ transmits the 'ultrasonic waves is
waiemrddipas an. WO 2004/094960 PCTIJP20041005590r ¢ 16 2emmigsion
time and the moment when the first or second ultrasonic transducer 218
or 222 receives the ultrasonic waves is referred to as an ultrasonic
reception paint in the present application. 5 Figure 3A shows a typical

ultrasoffE RavEForhi e ceifed B theMRRrobSfhuter256%id Rig e 98 s
an enlaigeraentof apemisnuckthe2BvefordREhoweeby eircld1 83t lAg asonic
shown byJEguses 3érand 3B dhelvavefofminghidas avaEpusdpiseint in
components.which make.difficult 1 detect 10 the ultrasonic reception
$oint of the ulg__rasonic g\iavef ‘Qroga%ating throu.gch the sample gas.
ilgure 3A SIOWS pirfal LILYasionlc wa CIrm
herefore, agco?dﬁng 0 the présent invention, the uﬁraspnlc recepffon

point iSBSAMERED BN BA&ITOFRELER: EfFss4frhedntamt BT the' Waveféiin
which isuetectedeafte ctheeapplitdda of the 116 waveforar seifficientty circle
increases fo atsextenin Foy thisgpuepose, thewzarp-crass detectionncirouti udes
t23g _incwdi%?%oté_%r%&%% EQ&‘%@K@?&E@Q&@%H_QQQE&Q@M?@&%*-Rtﬁ,@”&l@gect
igur , gl er.cong arapg Qu US_Q. rngger signa .. 10 1ne
lrg icroco%ﬁu?e‘rtﬂ%% 0] ?Nﬁ‘egr? the fﬁv?ar\l/eﬁ)grj’rﬁ Dp?/\?ar%fﬁ %%ggg%é}v}g"rca vaves.
predetePAfiRad TEveld The28Hcrdtd S6iTpafatdt Dutpatia Fefocrod§ coraine
signal Z=q tethermicronbmiputen 22érwhienahe Wavestoric UfRvaRily passesnt
over the geexlavel+Ehedniciacampider 22 G deterstines eackeol theant of

zero-cragg signals 20, a3 29 2&roserass.lime jnsiantafterdhe irsh Hlogar che

slonal . Tecelved by the migrcomputer 226, Prefergbly, e oo o,

mlcrocomputer%(asae ermines f’fsf‘"fhree Z€ero-cross S|gna?s as fIrS?fO

third ze RIERSSRLiME MsEETS 2 1052 S8nE T5 SO TRetRtervaF Betwasdudes 2

each of #ee zergwross tinpe rimstantsthesreaticatiyscortespands ¢ the cycle

of the Referring to Figure 4, the trigger comparator
outputs a trigger signals 5, to the microcomputer 226

20 when the waveform upwardly passes over a predetermined
level. The zero-cross comparator OULpUtS a Zero-Cross
signal & to the microcomputer 226 when the wavelform
upwardly passes over the zero level. The microcomputer
226 determineg each of the zero-cross signals Z,, as a

25 zero-cross time instant after the first trigger signal
§., ig received by the microcomputer 226. Preferably,
the microcomputer 226 determines first threg zero-crogs
signals as first to third zero-cross time Instants Z,,
Zo and Z...

30 The interval between sach of the zero-cross time
ingtantsg theoretically corresponds to the c¢ycle of the
ultragonic waves. Tnerefore, the ultrasonic reception
peint can be estimated by tracing back from the fist
zero~Ccross 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



ultrasonic waves. Therefore, the ultrasonic reception point can be

estimated by tracing back from the fist zero-cross time instant Z., along

the time axis by an 35 integral multiple of the cycle of the ultrasonic waves
wnddhaeraiare, the propagation time can be estimated by subitrantingotis
emission time and an integral multiple of YO 2004/094960
PCTIJP2004/005590 - 17 the cycle of the ultrasonic waves from the
ultrasonic_reception E)oiné. As described above, thfe?\cl}%loggg of ultrasonic
waves t(?(?n%% )L%rgpaﬁaﬁnﬁ %ﬁFoauBé‘\hnacst‘é{ﬁgﬁgry gas'is pr%seﬁ?ec? %y
equatioh=AJPF&PBXARIPIE; the velocity of ultrasonic waves through a pure
nitrogen gas ats2@eGelsibsdegrogs is 849. v al/secrindihe Matesibnof waves

ultrasoni¢ayaves thypsigha PLig oxyaengas as 20-Celsius degrees is
326.6 m/sec. Therefore,.a1,20 Glsius, 10 degregs.the velooily ofe1ociey oz
ultrasonic waves through an tg)éy%en-nltro%eré gas mixture f%llss within,the
rage of %._%Sf%niﬁ.lwmvgesq. rléﬁjrg% s g?apﬁ*shovﬁng tﬁg re?lationﬁ
betweef théEWEToEiREBEBRragonié vavdd 78 thé gastemireraturey it
which the. tipperain loswerslimitsofdb theultrmsoriceelopity throdgh emisius
oxygenilsegen gas mixiurenaeindicates-by &ra3Y£E) anddany (I} The
fgﬁss'b'%ﬁg&@glétlefgﬁt'[v@;@gﬁlz@tloéfmacitpsta?tﬁ%%a@a I[tﬂ%%f eelf

e propagation len s is selected to_satisfy following rejation on
one integet Tah bé ‘%?gglréc?eag w“}ﬂéqﬁudll%staf%suifrlaE%%?c %2‘&&%@2? p%jér)llt
to fall within thé possidieBrepagativhdihe range. (LIRIR)~erPying the
L,/Cax(ER ethen(Spwhese: thiregaencyuf thd ultiasamicviavesipthend the
sample gas 26k gasdtemperaluek whish.giyes thedasinumalyesfos
(l/C"m.(F) - L/CI D) ds $as Jower, limit of the working, temperatyre if oz ¢
the WOI‘kII‘]% temperature is 5 Celsius degregs, am‘éwthe ;em(iueng%gf thess ble
ultrasonf&-Wass fsfﬁo%ZE&??ﬁé%rB‘éaSmibﬁ}Ieﬁ” | Eeavhich 30 Satisfies -
relation EB)I8aGAGHREed HEfONBUR. 18 L./ Cusy (T) to L

Therefore, if the propagation length L, is selected to

wihn

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 /Con (T = L/Coe (THY < L/E (8]
where:
£: frequency of the ultrasonic waves in the sample gas
25 The gas temperature T which gives the maximum value
of (L,/Co (Ty - L./C..(Ty) is the lower limit of the
working temperature, If the working temperature is 5
Celsius degrees, and the frequency of the ultrasonic
waves is 40 REz, the propagation length L, which
30 satisfies relation (8} is calculated zs follows.
L, < 12.3 cm ... {9}
According to the smbodiment, L.=0.1 m is emploved as
an example.
in order to cbtain the ultrasonic propagation tims
35 ., the forward and backward propagation times ©,, and t,
is previously measured. With reference to Figure €, the
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La<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 ta, the
forward and backward propagation times.t,, and is previously measured.
with reference to Figure 6, the - 18 tr"igdgr signals are generated when the
second waves in both the forward and backward waveforms passes over
the _trigger level. In this case, the trigger, signals are_ g ted atthe ..
samie t%gﬁﬁfj of phase Tefative’to the ngévvg?o%rhs“gﬁd 'tgr?é? é?f erenét(g in the
zer&eFss fithel TdtaRtSs Befved e fotwiaRd and TatkiAard Wavess A £he
ZOBi: : Z€H ,lisstibstantiallyreéquat 26 the differemca b in propagatierre
times.tsl.and ta hetween %&E@rm?ﬁg@gb@agkgaéd \,A@l@‘éa(géj :dbethe
zero-cross time instants of the. 10 forward. wayeform £CBj,; Q-Cross
e AR b1 (1o padas Wavah . o1 D L s pas TEIeros
HoweVer 2 e tritRjer 3ignals Stitar&ofteR Generitsd at Uifferent phases Zes
of the waveformsshetweert: thel forwant sand backwardiWavesnevertif the
same.{rigger devel is 1aised. Referring te Figwe 7, feethefarwand sraves,
the tnager signalis geneyated when the third wave passes, averthe o« ..
trigger Tevel and'for the bagkward waves, the trigger signal is generated _
wheRTRBEEEorRave Passes ‘overtthetriggertevel. THerefdra Her© ©F
triggen signal :20:for the batkward Wwevestis generatetanonéeycle-earlier
than the trigggr signal forthe.fopward wayes.:ip this case,dhedifferenseztaq
n NS Ze9x0ss line Instascbetween the iward and hagkward wayes . o
A= Z‘Bj - £CI],~ gives a negative value. if the sample gas flows :[hrouthh,ZS
the COHOUTIEZ02 A< ZEB S 20T S hust not Becoiiié negaive” THerafore Sif
A = ZeBi- ZcFpgives argegativel value, it is fapparbat thatthe triggetes . the
signal.for.the backward waves: is.generated eadier than the triggersignals
for the, forward waves, 30 On,the other hand, referring to Figure 8 for the.
forward waves, the tligger Signal is genérated when the ’ ’
trigger signal 1s generated when the sscond wave passes

over the trigger level. Thersfore, the tTrigger signal
for the backward waves 1s gensrated at one cyole sarliler
than the trigger signal fcor the forward waves. In this
case, the difference in the zero-cross time instants
betwean the forward and backward waves, R = Zen; ~ Lowis
gives a neagatvive value. If the sample gas flows through
the conault 202, A = Za: — Zers musi not become negative.
Therefore, 1f A = Za — Zeom glves a negative value, Lt is

&
apparent that the trigger signal for tThe backward

s
On the other hand, referring to Figure 8, for the
r signal is generated when the

igge
szcond wave passss over the trigger Lsvel and for the
g o

the forward and backward waves, R = Z.pi = feri, SXCeeds

one cvole of the ultrasonic waves, which indicatess tThat
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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. in this case, 35 the difference in the zero-cross time instants
between the forward and backward waveés, A = Zvi - ZCFi, exceeds one
cycle of the ultrasonic waves, which indicates that - 19 the trigger signal
for the forward waves is generated earlier than the trigger_signal for t
backivard Waves. Réggr% née fo the'embodi r%%ﬁt 8?1%§ln%énfg;l6§ ,ent"héebg%
COrtRMt-207 is-8ésigned sbthat thepropadatici time® Soaifferérce tif ves -
between thedomwardsand backward waves: alwaystiads Wwithin ohercyclé of
the ultrasonic waves. This featue allovs;thednicrocompyter:226 toime

distinguish_the cases shown in Figures 7 and 8 fram each other and to
calc&l]JIét*e”th%nb:r%pé‘ba ion time chf?%reinO e'td; That'is, if 10 A=Z Si-20 S is

negativé ythetéase is"ad BhEwWRTA Figare 7 and it AR AT xkCe8ES Dhe
cyclerafthgaultraseniel iwawesthe caseris asrghovar i Eigure BiFHUS; 3hé sh
configuration.of conduit 202 which bas therabeverfeatutewill Beher and tc

described below. 15 The possible range of the flow elocity V (mfsec) of . ;¢
the §§Fﬁ%lleﬂ§]é{§ iTs}bEF:e§) *ndt%agod”fb%w%én?ne%?u& ity }41‘0).g o CoE

05\ATIHB06RONIFS) IADY whEte: ‘OSfIGwTate st the Sainpie gas TLaure 7
(littexfdin) £20. r=inbey; radius of the conduit (metérs) AS déscribed-alsove,c
the yelocity of yltrasonic wavessprapagatec i the forward. direction
relative to the, sample gas flaw is Cs=G:+Vand the,velocity, of ttrasanic. .,
waves propagated inthé backward dlll’eC'[IOI’l relative to 25 the sample gas
flowa8 V2eC-%2 “Wihers € e vadEfty of Hitrasolic waves propagating
through a Stationsry Sainple gass(n/Set) €11 e velotity of the ultralsoric ©f
waves propagated jn the 30 ferwarddirectionselativerte the-sample-gas; 10; .
flow (m/sec) C2:the veIociEygnggl}r&sg@&%W%es_pri)p@gated in the

where:

gy flow rate of the sample gas {(litter/min)

r: ilnner radius of the condult (metars)

As described above, the velocity of ultrascnic waves
rropagatsed in the fcrward direction relative to the
sample gas fleow 1g Ci=C+V, and the velocity of ultrascnic
waves propagated in the backward direction relative Lo
the sample gas Z1low 185 Cp=0-V.

Where:

C: the velocity of uvltrasonic waves propagating through a
stationary sample gas (m/sec)

Cit the veloclity of the ultrasonic wavas propagated in the

forward direction relative to the sampls gas flow (m/sec)

Co: the velocity of ultrasonic waves propagated in The
backward direction relative to the sampls gas flow
(m/sec]

Vi the flow velocity (m/sec)
The propagation time difference ty is calculated by

the foliowing equation.
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backward direction relative to the sample gas flow (m/sect V; the flow
velocity (m/sec, 35 The propagation time difference td is calculated by the
following equation. - 20 td = Lg/C2-11S/Ci Ls/(C-V)-Ls/(C+V) ...(11)
Therefore, if the inner radius of the conddit 202 satisfies following relation
(12), the propagation tine 5 difference td becomes smaller than the cycle
of the ultrasonic waves. Le ./(C-Q/'6000Q7-2H - d._s (C+Q/ (600007r2) )
<1/f ... (1%) The left term of inedﬁaﬁty“(&fis“ﬁ{aﬂmized when 10 the
velocity of the ultrasonic waves through the corideat 202/is mirdimum

(C=0,, 15 Celsiusdecreas)=818.1 misecy dherefore, forexample it the2
frequency afhe -ultrasonic wayes throughythe conduit 202 540 (Kaz), the
flow rate Q=10 h itter mill%néng the length of the conduit. i5 202 is 10 (cm),
thef the frimet Tadits ¥ {mm) of the ™ conduit 202 is 152.05 mom..).”
Accerdingieithe embBediment, r=2.5 (mm) is selected as an example.

Next. the method for measwing thex¢oncerittation andLflow -rate of a
sample gas will be describedjn detail 20-below. First, in sase shown in
Figure 6, the %l)rg agation_time difference, td begvgen the forward and .
backward w&ves” ~§ or Lainéd by A £Z¢3i = 20FU; becauss; as described
aboVé? the prepagativn fifife differericd ichis stibstaritially Shtial 75 cothe: t
difference A siAcBiZ CE-CL Casershawndn Figurees) thel fropagéatien) -
timedifference td %%P%%!Eﬁ‘n@?é’ﬁi3;i+4_iﬁ;§§i:€&§f$@§6§in gaserghown in
Figure 8, the propagation time difference td is obtained by B = Zcgj.: he
ZcFﬁ?ﬁ%Fe?%@, %gﬁﬁﬁalﬁff br e vallies A ‘é?’lg éreg %é'o 6l3tair%g(‘jﬁf'\lf)»{r“j ’ uti‘ _
arithPastic avérage: Next;-the“veloBry of e ulrasonftWaves throgheondust

202 1s 10 ifecm), then the innsr radius r {(mm) of the

condulit 20Z is r>»2.05 {mm). According to the embodiment,
r=2.5% {mm! 1ls selescted as an example.

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

First, in case shown in Figurs th

1]
el
!
o]
T3
8]
2
53]
~+
=
&)
3

¥
time difference tyg betwean the forward and backward waves
ig obtained by A = Za: ~ Zepi, beCause, as described above
the propagation time difference tg is substantially egual
to the difference A = Zgp - Zepi. 150 Case shown in Figure
7, the propagaticn time differesnce ty is cobtained by B =
Zepit:i — Zemi. Further, in case shown in Figures 8, the

ropa

e

2] ation time difference tg ls obtzained by B = Zgps -
Zemi+r. Preferablv, z plurelity of the values A or B are
obtained for arithmetic avera

e,

W2

Wext, the velocity of the ultrasonic waves through
the sample gas is estimated with the assumption that the
sample gas is in statlionary state. For this purposs, the

I
phase difference in the cutputs ¢f the trigger signals is

previcusly determined on the basis of the value of A. If
there is no phase difference, as shown in Figure 6, mean

TEIUe Zo ave OF first zZero-crogs 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 35 previously determined on the basis of the value of A.

If there is no phase difference, as shBWin”Figure 6, mean value Zcave

of first zero-cross time instants of the 21 forward and backward
waveforms is caleulated b the, follawing.equation, Ze ave. (20 +Zcal) /2

.. (13Yh case shown m“ﬁgure 7,’Mean value ZCave of first 5 zer6-cross
time fistarfts ot thg¥8RvArH-and backward waveforms is calculated by the
-Following equation. Za ave={&est ieg2)t2:.) (F4). ki tase shown in Figure
6, mean valyeZGave ;o first; zeeo-grass time instants.of theforyargd-and » <«
backward 10 waveforms is chlacrul%teg by the following.equation. ZC _ave
(ZCE2HVcST) 72°.. (5] The hean valié Zcave can'beé considered as the
first2&1OLEr08S time FRStARE Which RRYoBtafned Wit thé SasSUMption: of the
ultrasonic waves through the stationasy Zsample gas.iZoave is referred to

a reference,zerg-cross, dime instantinthespregentapplication. As oz £irst
describhedmavboye, trhe Igng%h Qt ;hgqc%qdqi%%Ogﬁs}fﬁwd,g%gré%% s,gatltla;tW %QI

one fiiteger s’ Sélected alfowing ' the Tltrasonic reception point to fallin the
pOSSIBIEES0 Fafigd df Te propagationtimes(Figure 0¥ Thefétofe: tRE - u
'_trasonic propagation timeltoda estiatédsby tkacingl back from the gist
zero-crosstine jastant Zgave along the,time axis by an-integral multiple; s«
of the.cycle of the Uiasonic waves until he witrasanic teception paint. 25
falls i1 the possible range. The Velotity of the ultrasonic waves --a through
the dEatigHary Saniple'dss is EstiffatBd by fO1iBWNG egaation S 8y Ca=1ery
Its ._=4326) 80¢Ee coAcantrationafioxygen RS is.obtdined by: egquation {6} <
or (7) with thescaleulated €& present application.

As describsad above, the length of the conduit 102 s

design

i

d s¢ that only one integer i1s selectead allowing
the ulirasonic reception point to fall in the possible
range of the propagation time (Figure 9). Thersfors, the
ultrasonic propagation time t, is estimated by tracing

back from the fist zero-cross time instant Zg ave along the

ultrasconic waves until the uvltrasonic recepti

Ce=™ Lig/lTs ... (167

The concent

]

ation of oxvgen Pz 1s obtained by

eguation (8) or {7} witn the calculated C..
e}

The £

through the sample gas flowing through the condult 202
are estimated by following eguations {17) and (18).
ter=te—ta/ L 17y
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The forward and backward propagation times ta, and ts2 through the
sample gas flowigthrough the conduit 202 are estimated by following
equations ( 7~ and (18). 35 t51=is-t8/2 ., (17 ) 22 - Lsl=is+td/2 ... (18)

The forward and backward velocities T1“and C2 of the ultrasonic waves
through. the sample gas flowing through the conduit 202 are estimated by
following equations (19) 5 and (2 G) Cy=Ls/tsl .., (i9) C2=ps/t$2 ... (20)
Then, the flow velocity V of the“§éﬁ1tﬁl"‘é’“§a% thm&r& the conduit 202 is
obtained byrequations:() 2¢19) e 1 9R0Y.Fathér: five flow Fate @ 6fthens
sample gasds calculated by followting equation (21);2Q=6000:H 2\ srough
(21), Next. with reference fa Figures 11to 13, & preferred embodiment of 1 5
the ultrasonic concentration and 15 flow raté measurement apparatus will
be dB&cribéd below. the ultrasonic concentration and flow rate
measurement apparatus 10 inclides e €enduit 27 which provides the
conduit 202 of the embodiment af Figure,2. . Howsings 25 and 26, for
enclosing first and;second 20 yltrasonic transducers 20.and 21, secured, . gn
to the ends of the conduit 27 by welded portions 41 and 42, The _ _. d
housifigs 28 &hd 26nciude [Forts 28 ahd 2o Etending perpendicufar o™

the coHduit 276 phevide the idleband 256tl6t portiGhs 2088 266a bt

the embedimertof-Figire 252 rkhe=eanduib27 and the housings 25 and

26 are. preferably made of the-sarpe (petallic material such as an

aluminum alloy. The,conduit 27 and the hqusin.gs 25 and 26 are secured

at one point 1 & substratd 30°6F°A fiousing of” 30he oxygan*~' ° _
concentrativnedpFarafds- By Alsctéw 45 THIS EdRfighrationalfows fie on and
longitudinal-deformaiionreithe- canguit 2t freely fiamrextermnal fdrcedvhichow .
may be the ultrasenic concentration and flow rate
measurement apperatus 10 includes a conduilt 27 which
provides the conduit 202 of the embodiment of Figure 2.
Housings 25 and 24, for enclosing first and second
ultrasonic transducers 20 and 21, securad to the ends of
the condult 27 by welded portions 41 and 42. The
houvsings 25 and 26 include ports 28 and 29 sxtending
perpendicular to the conduit 27 to provide the inlet and

outler portions 204a and 206a of the embodiment of

h
1
=
te
o
5
[

2. The conduit 27 and the housings 2% and 2§ ars
preferably made ¢f the same metallic material such as an

3
aluminum alloy.

+

e condulit 27 and the housings 25 and Z2¢ are
secured at one point To a substrate 30 or a housing of

the oxygen concentration apparatus by a screw 45. This
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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 22 and

26 to close the end openings of the housings by screws 43

and 44 with O-rings 3% and 40 being clamped bstween the
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generated when the conduit 27 is thermally deformed. Covers 23 and 24

are attached to the housings 25 and 26 ro 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 aag 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 second ultrasonjc . _ .
transtiicersS0 and®21 gehefate 40'5 Ki%7 Bf Gitrasohic waves. Fifthar =3
temperatare-seAsorstI7 and 38 foraletestity the Yas enieratifresrba ched
attaghed te the inter surfages of dheicoyers23 and’24 aThe fitst arthe first
secqnd, ultrasonic. ransdycers 20.and 21 and.the-temperature.sensors 375

and 10 38 are coupled to the microcomputer 226 through connectors 31

and ¥ attached t5* e olitet Slirfaces of the covers 23 and 24, cables 33

and 36 and evhhettors 32-and 35 MOotRIES BA the stbdtrate Bor DistAABE 110
D between:the-eng faces.ekthefirstand chs secend witrasonic transducers of
20 and 21.and the- kespective ends,of the conduit 27is.a significant s o :
design. matter. Generally, the sound field formed bg‘_ut\hga ultrasonic wayes
from-art URFASOME transtiicer mclides hear SHdTAF S6uRd fiolds. &g )
shoi i Figureut2.sThe 20 Wi agonic Waves propagate ihsai@through

the near:soung-fielshand, onhe otherchand tin the farsound fiekd: :spread?

in the farm of sphesical waves. Therefore, the gndssef theconduit2? age 32
out of the near sound field, %Ebg ultrasonic energy transmitted in the
condtiit27 s 55 188t d compardl With cofduit having the ends disposed

in the neasaund fieldCand therefore) thes6uridindisecfatic bt thie siyhac
fromdbe dransduecess isreducegh istknews thar thedaundary between'. the
near: and_ far sound fields is presented at a point Z the distance .30 ot < ; on
Whicﬁ from the end face of an ultrasonic tra gdqcerglong;he came” line

of th& ¥anstucer &'dé “ned by TolloWIRG equation (2257 DS =r2/C'%. (22)

ultrasonic waves from an ultrasonilc 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 cother hand, in the far sound field,
spread in the form of spherical waves. Therefore, 1f the
ends of the conduit 27 are cut of the near sound £

the ultrasonic energy transmitted in the conduit Z

reduced compared with conduit having the ends disposed in

83
%3

the nsar sound fisld and therefore, the sound/noiss ratio

¥

of the signal from the transducers is reduced,

(1

.

It is known that the boundary bstween the neaxr and
far sound fields is presented at a point Iy the distance
of which from the end face of an ultrasonic transducer
along the center line of the tTransducer is defined by
following eguation {(£22).

D= £x%/0 .22}
Where:
f: freguency of tThe ultrasonic waves 1in the sample gas

{Hz)



Where: 35 f. frequency of the ultrasonic waves in the sample gas (H?)

WO 2004/094960 PCT/JP2004/005590 - 24 r: inner radius of the conduit
(m) C: velocity of the ultrasonic waves (misec) As described above, the
welegiyw&dhrough a sample gas is defined by equation (13cTheneforesthe
higher S the gas temperature and the smaller the molecular weight, the
higher the velocity C becomes. According the embodiment, the condition
which maximizes Zo is that, for example, the sample gas is the air at 35
Celsius'dedrdde® ahtftheh, Yo "808G T 4 ™0 Figures 13-15 show
experinfentat iesUts oP fLIFBSORERATEIGIINS'WIfich Weré%btained by an
apparatus of kéguresti ikith thedistantesd oBEQBmim, €.Chmnwid &l.8amplie
mm. The.experimenialiesisspggasithat the ultiasanis-energyraceived
g;/ the ultrasgnic %@Rﬁ?g&&@é '3 significantly redyced, when the. disfancs ¢,

is 1.8 mm Ttompare the cases of the distance d of 0.3 mm, and
1.0 mm SO BIRD R0 BEFIEI064/RB-EE® « 25° CIAMET 1A%
ultrasorf@apparanis for e Sufihgthe CBAEENFAHGA BFRFfGw idtetofd - for
sample gaspcdeprisiags ancordwt toriffowing thersamphs gasibiafirstegrees
ultrasonig, & angEaissionyeceptign devicgsnounted to the inside of the
gonauit, a secaqd lyasonic apsmissionzieceplion, deyice moysed to

the inside of the conduit to face the first ultrasonic transmission-recegtion

device; 10 HARRHSERTErEEtiOH sRAtcRIEF SWItCHIRG th&operatiBR™ ™ =4*

mode oftheffiFeBndisecbivd HrRisHhic traRsnfissiontrecePlion’déviEBs and

betweert astransmisswnemoze fertrarismitting uitrasonieavavds antha

reception:nogefol ecaiving UHEASORIEWVAYESihe ultrasonic transducer

5 is significantly reduced when the distance d is 1.8 mm
compared with the cases of the distance d of 0.3 mm and
1.0 mm.



15 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
wavesitksglative to the flow direction of the sample gas whenihaadesice
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 transmis%ﬁ-%eptior. device generating
backward ultrdsonichbaveés resatve tethe flohrdiréefomet the sagnplesgas

when thsotsuice: is-ipthetransmissicitmcsie and gepesating fomvantr3@ ing :
waveform when the devicg is.iLthe: receptiop;mede.or the shasisofhe,
rgceived u"ltrasonic waves ggner%ted, lg)é the first %Itr_asonic ‘ w
. . [ Ry ViTIasE0onic LIANSMISS 10N -reCapilon
transmission-reception device; means for generating trigger signals When

the forwifH iRl BAERKATd Wardrins®pass 8¥er 485 BRsteeimined level: .
means for generating forwardefrrBaskward Fer6-cross Sigralsanheaaletion
forward sneh.backwarnd e 260 pass overiaizertleved propagationctimece the

calculation-means, coupied to-thestermperiure sepson thedigget signal
ggnerating means and the, zefo ¢1gss sianal agnefating means, for (1) 5
calculating a possible propagation time range on the basis of tﬁe gas
temperattire deteded sy S tamperall?é%sensor {2y defminfhg Whther

or not thelphases at wiieh I frtrighfe igeals H resestiviehr generated

on the basisefithes forwaed antlraekwarsh waveforms, aincide-withveachind a

' other,. 1943%8&%.5%69@%&9r9£@§§i§{8“@§é§a@lﬁ{ﬁbeﬂlﬁs§§
E%mmde with each other if thecy;do not caincide with each_ other, (4
5 & Temper é: posad i

- ] a,.au:tzm sens?r hyte th
taining reference zero-cross time’instant by calculating‘mean value o

the forwafahd‘vadi&iaRf 28/ sEmeTASENTE Y4BT obtainiy SfFete sas

u|trason@l@t@mioﬁhrﬁug‘h the conduit;
the first uvltrasonic transmission-
reception device generating forward ultrasonic waves
20 relative to the flow direction of the sample gas when the
device is in the transnission mode and generating
backward waveform when the device is in the reception
mode on the basis of the received ulitrasonic waves
generated by the second ulirasonic transmission-reception
25 device;
the second ultrasonlc transmission-
reception device genherating backward ultrasonic waves
relative to the flow direction of the sample gas when the
device is in the transmission mode and gensrating forwapd
30 waveform when the device 1s in the reception mode on the
hagis of the received unlitrasonic waves generated by the
first uvltrasonic transmission-receptlon 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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15 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) estimatifg the ultrasonic propagation time
on the basis of the ultrasonic reception point. 20 2. An ultrasonic
apparatus according to claim 1 wherein the distance along the conduit
between first:and secondantrdsonic transmission-reception devices is

selected so that only opeJesyltof the subtractin. falls.into, the. DOssiRIg .1 e

propa ation time range determined over possible 25 Worklngi conditions o

the-itradoniAPFare. 3. S&r?ﬁﬁ?aso%fg apparatis actditing 16 Him-2"¢
wheteintherdistainee oy the eondaitbetween firstand ge@@m@, for (1}

uItwp&gﬁeme@isasi%ﬁe%ptm;dew@gg4&§lee¢a@hetors@cti§éy e the basis

follo¥\/|n relatlon 30 C{Q%T%Q% k max(ﬁ‘l;lm|ngg<%4:fa Qjeéesléa cor
e uI !

propaga ion Ieng ](“ )F%requency 0 sonic waves in the sample
gas 2Cniifirmim) “thied oWt it oPthe GlfraSbhicVelséity &35 fifisde) two first
threugh dhe sample pas atdhpdowestworking dempetattire Timin(Eelsiusf the

degrees) zn CrmaxiTmin). the, upper bmjitof the lrasonic,velocity, (s./ %&@er ,

thror%(j;h tree sample Gas at the lowest working temperature Tim (Celsius

degreesy 4° A GitraSohfteapsaratis At Sordity fo- Elaiifl 1-ihereily thegra ses
innes radiud=ofthé iconduit is selacted sohthat dle difference betweenttiheach

forward gnd Qchglﬁﬁ%gﬁé'%ﬂéﬂéés smaller than, tﬁ%%c@r@é@% by
ultrasonic. waves under the workln % d|t|on of the sam %as 10 5. An

UltfaR0RIE AppAYatTS A8cSramg & elaim®L RSN thaél%ne? ditsofthée“ "~
conduitis selectedrtot satisfy thé |.following relation Ls% {8atyn (TrasAprtion

-QW3/(600008 112)r ales! (EnindTurin)+Qcseal (60AQAEI2)f <dffe 15ycle of

Wh%ﬁ% ultrasonic waves sc¢ 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 ultrascnic reception peint.

2. An ultrasonic apparatus according to claim 1
wherein the distance along the conduilt between first and
‘second ultrasonic transmission-reception devices is selected
so that only cne result of the subtraction falls intoe the
noasible 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 conduilt between first and
second ultrasonic transmission-reception devices is sleeted
to satisfy the fellowing relation.

(Ls/Cuin{Tmin) — Ls/Cpax (Tmin)} < 1/f
where:

Ls: propagaticon length (m)

f: fregquency of the ultrasonic waves in the sample gas

Cpin (Trin) ¢ the lower limit of the ultrasonic velocity
(m/sec) through the sample gas at the lowest working

temperature Tpi, (Celsius degrees)
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Ls: propagation length (m) r: inner radius of the conduit (m) f: frequency of
the ultrasonic waves in the sample aas 20 the lower limit of the ultrasonic
velocity : ~msn ~r {m/sec) through the sample gas at the lowest working
temperature Turin (Celsius degrees) Q~x: the upper limit of the sample

gas flow rate (litterim_n) 25 E. An ultrasonic apparatus accordingto .
claim whéreir thécondit indiedes a Straight potion %d.%@%%ﬁﬁ%&ﬁ?&ro”l”y
portion's perpendiciiaiy donneeted - fo e edds Bithe stragfhtpottiortthe
first-ang secend alltrgspnic 30Jransrisgion-keception devices are o
disposed ip the perpendicular, portions to.face the ends qf the strajght, ;

portion; and the distance between the first and. second ult.raso_nic |
tranghfis&ion-reteptibh Yevicds-arid the 35 Tespadtive ends dFthe straight
portidre of thieeconddit satisfying the folldwing Ffekition 020 frrC'Datite
distanee () betweenrthe ; s rsmandssecong W, 2004/094966 the
PCT/3P2004/005590, ; 28, ylirasqnjc transmissjon:reception devices.and
the respective ends of the straight portion f: frequency of the ultrasonic
wavedTif the $afmple gas (Hz) 5 r: inner radius of the conduit (m) C:
velocity of the ultfasonic Wanvesi(MiseepT 2A aiethodVfmeasiing tie ™ 2
concentration ef,sample.gas-flowingthreugh aconduit, cempsising-the to
stepg.of; 10.generating forward ultrasanic waves relative to the flow

direction of the sample %as; rg‘enerating baclﬁwa;r(}dO%Igrasgnjc waves
e YURIT )
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Al gy
~Lo/ (Cain { Tain) +0nexe/ { 60000mz%) ) <1/ f
whnere:

- .

Ls: propagation length (m)

1

r: inner radius of the conduit {m)
f: freguency of the ultrascnic waves In the sample

£
a3}
w

Coin ! Tair) ¢ the lower limit of the ultrasonic velocity
{m/sec) through the sample gas at the lowest working

temperature Tae {(Celsius degress)

=
. An ultrascnic apparatus according to claim 1

wherein the conduit includes a straight pcetion and

g
perpendicular portions perpsndicularly connected to the
ends of the sitraight portion:

t and second ultrasonic

n
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transmission-reception devices are disposed in the
perpendicular portions te face the ends of the straight
portion; and

the distance betweesn the first and second

{

glitrasonic transmission-reception devices and the
respective ends of the straight portion of the conduit

s
satisfying the following relatlon.

U: the distance [(m) between the first and sscond



relative to the flow direction of the sample gas; measuring the
temperature of the sample 15 gas flowing through the conduit; generating
trigger signals when the forward and backward waveforms pass over a
wiesriarnined level; generating forward and backward zefrorcressy 23390
signals when the forward and backward waveforms pass over a zero
level; calculating a possible propagation time range on the basis of the
gas temﬁgcrature detq_cted by the, tgr_n_perature serzjsor; 25 determlning
whetheF oF ot 1hé pha<asear WHiCR TV RRE 1y &rdigRars, t8Sp&dtively
generafeRFREFIHS BadRIST the forfafd EHdPBAcRRAId-RRaveforms,

coincide with éach:theenprocessirdtethe zerscross signats so thae 3kt e
phasesggingigieywith each other if they do not coincide with each other;

aptaining refefence, zero-crass fime: i@ﬁ@@@d@gu@ipg mean value of
the forward and backward zero-cross time instants; 35 obtairg’n% an
ultrasonic receptigﬁ p%"l’ﬁt B"y osugtrgct?ng %%?’lﬁflelcfai"?h‘{ﬁﬁplém 1 %)cycle
of the ultrasohic wakeBSd RiattheTRREHE i01 thé LULTHRREABA<2F fsIhto
the possibte propagationitimg rahgerahda estimdting theagltrasenicy the
propagaiaiptime: :on the basis of the ultrasonic reception point. 8. A

method according to cIaimg\gggE%jg ;imS n forward and backward ‘%tg@%onic

waves are transmitted 1_g%nd \g?ceived giirst and.second ultrasonic
transmisSion: téCepiiort tevices whidit are Asposed i e conddit, the
distance along the conduitdSEtResfifst 2t eecshd LiFasBRrCtriAgRiss
on receptdn devices belny Selectdd 1€ sbdhaténhhene sesulk. gRthe

subtraction falls into the pessiblg-prepagatiafpa:-Ange deternned:avare
pessible; yworking copditians, gt the,ulttaspig apparatus.
generating triguer slignals when the
forward and backward waveforms pass over a predetermined
level;
genarating forward and backward zero-cross

20 signals when the forward and backward waveforms pass over

a zere level;

calculating & poessible 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 waveforns,
coincide with sach other;

processing the zero-cross signals so that

390 the phases colncide with each other 1f they do not

coincide with each other;

obtaining reference zero~Cross time
instant by calculating mean value of the forward and
backward zero~cross time Ilnstants:

35 obtaining an ultrasonic reception point by
subtracting an integral multiple of the cycle of the
ultrasonic waves sc that the results of the subtiraction
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9. A method according to claim 8 wherein the distance along the conduit
between first and second ultrasonic transmission-reception devices is
sleeted to satisfy the following relation. vs~~min ?Tmin) -'-'s ~~-max
(Tmini i < -~-~r where: propagation Ié“nél% (m) 2C f: frequency of the
ultrgsqnic waves in the sample, gas Cmin(Tmin) the. lower limit of the,
‘uItrgg‘gﬁi% v%?&&tytqzr%/ggcs)étgi?olu%f?fh%?s? r%‘"f'eo)ﬁas" é?‘?néig\?véét vc\“/%r ing
temperature Tmin (Cel§itis’d&jres) 25T max@ming thefippstdmmit of the ™
ultrasonie vetacitys (mfsec)sthrougt: the: sampitecgas atithe toweést working
temperatuge Tmin (Celsius degrees)i10. A methad:accosdingde claim:.
wherein the inner (hagig§_of the canduit is selected so that the difference, . .
30 BEtWERT the forward and backward propagation. time is smallef than
the EgEIe-6ftRe Ultraséic Waves Giderthe WofRiAG ‘Condffon of the! 7~
sampie gasi Avmethadaccerding te:claim % mwhereinithetdnaer aadiustof the
Ebre 89@63%&3/@%6 Oﬁ%a%%ﬁéig@tgg%g &eﬂ?ﬁggogﬁéi(@%%m/

min.) -Qmax/ (600001t1:2) -Is/ Cmin(Tmin)+Qmax/ (600Q0mI2)) <. /= . . .
30 -uvﬁ%fé‘re:??_‘.l:*ﬁ(ro‘p%%%f%ﬁ%é’ﬁé}tvﬁ. (rﬁf‘f? inher radius go? fh%%rghaui? m =
freqBENEY o the Litrasohic Raves if the sanplfe FRgas Cin(Toih)-the e
lowerdimit iof the nttrasonic velocity.e(misec) thtetghrthe sample gasatthele
'OW%%MFK?%%@@{%Me J4, {eelsius- dagrees) Qipaxtheqepper limit
of the sample gag flow rate 10 (litter/min).12. An oxygen concentration
system for generating “an oxygen enriched gas; comprising

distance along the conduit bevtween first and second

ulirasonls transmissio slested o
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sztisfy the Zollowing relation.

gas
Comsn {Tmin) ¢ the lower limit of the ultrasonic velocity
{m/sec) through the sample gas at the lowest working

s )
temparature Tpy (Celsius degraes)

Coewe (Tain) 3 The upper limit of the ultrasonic velocity
(m/sec through the sample gas at the lowest working
tenperature Tue (Celsius deg

10. A method according to c¢laim 7 wherein the
radius of the condulit 1s sel
batween the forward and backward propagaticn tims is
smaller than the cyele of the ulfrascnic waves under the
working ceondition cof the sample gas.

i1, AR method acceording to olaim 7 wherein the inner
radius of the conduit is selected to gatisfy the
relation

La/ (Cmsn (Tmin) ~Qmax/ (6000077} )

" o ; NN AR e ® 1 e s
"-L's/ {Cain (Tmin? T0mex/ (6000UR:*) ) <1/2

following
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an oxygen concentration apparatus for generating an oxygen enriched
gas by adsorbing nitrogen 15 to remove the nitrogen from the air; and an
ultrasonic apparatus for measuring the cgncentration of the oxygen in the
oxygen enriched gas and flow rate of thé‘oxygen enriched gas, the
ultrasoni._c apparatus comprising: 20 a conduit for receiving and flowing
the Qxygen enriched gas; a first ultrasonic transmission-reception device
mouhted To the inside of the conduit; a second ultrasonic
transmissién-reeépHens25 Yevicamountad to the inside of the conduit to
face the First ultrasenic-ranseission xecepfion.devica’a
transmission-recepion, suitch for, switching.the. aperaion made,of e first,
and second ultrasonic transmission-reception devices between a 30
tranSfission mode for transmitting ultrasonic waves and a reception
mode for réeeivihg-Ultrasbhiclwands ‘d terhperatiresensora disposeddn ocit
the cenduit,forimeasuring thestemperajure efithe-exygen: enriched gag
flow@&&ggq_%g_hgg;e @g&dg%‘ tggifggt_ HIér&sgggtransmssmn- reception
device generating forward. ultrasonic waves relative to the flow d-rection
of the_oxyg‘éﬁ’énrrghedlﬁﬁg “whehi the FevicsTs JATThe transinis<ioh made
and gerierating backward waveform when the device is in the - 31
reception made onrthe:hasis of the: eeceiveditiraspnierwaveas generadedng
by t%s%%wtm&%ggnggggsggmrﬁgggyg@ plewce; the second _
ultrasonic transmlssmn-_ﬁrecer%%or; device generating backward ultrasonic
waves relative to the floW ditécton of the Giygér enrichgd gas-when'the
devigeé issinathenteamsmissioe mcterand sgerieratify forwardowageforrnr ogen
when ¢he deviee istn the treseption mede 08 the basis ef the received
ultrasonic 10 waves gengrater by, the. first irasonic, ransMIssion:, »: g e
concentration cof the oxygen in the cxygen enriched gas
and flow rate of the oxygen enriched gas, the ultrasonic
apparatus comprising:
a conduit for receiving and flowing the

oxygen enriched gas;

h

& LIT8T

ultrasonic transmission-recepticn
device mounted te the inside of the conduit;

ssion-recepiion

et

a second ultrasoconic transm
dgevice mounted to the inside of the conduit to face the

trst ultrasonic transmission-reception devi

Q
O]

;

& Transmissicn-—reception switch for
switching the operation mode of the first and second
vltrascnic transmission-reception devices between a
transmission mode for transmitting ultrascnic waves and a
recaepticn mode for receiving ultrasonic waves;
temperature sensor, disposed in the
condult, for measuring ths tempersture of tThe oxygsen
enriched gas flowing through the conduit:

fTirst ultrasonic transmission-
recaeption device generating forward ultrascnic waves
relative to the flow direction of the oxvgen enriched gas
when the device is in the transmission mods and

1

raveform when the device is in the

i
O
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generating backwar
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reception device; 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 signals when the forward
and backward waveforms *pass over azerd level; propagation time
calculation means, coupled to the temperature sensor, the trigger signal

- 2C generating means and -.the zero-cross signal generating means, for.

(1) ESR O POSSIE proiagatrainG e S e Bk o PEs
temperabre detectéd bybthet temparatiire Serisors (23 deteimifiigs 507~
whetherernotthe: phases at which two first. trigger signals, respectively
25 generated on the basjs. ofthe forward and backward waveforms.
coincide with each other, éB“) 1'F:rgcgsgirjfg\theh ,ZEI0-Crass §i%:(13arj§ so V}h% the
pha&8§ TBincide With'Sactt Gther if they dd hot comcids With each Other.

(4) Glsthining Teferefite zEre éréds timblinstant by 30 CalcdRtiingheansd 9as
valugrefitheferward and backward Zeto=cross timeinstants, )0 twining

an ultrasonic ; teception-noint, by.subtracting.an integral multiple of, the,
cycle or the ultrasonic waves so that the resylts o_the subtraction falls into
the 58§§BIélﬁ%p%%%ﬁoﬁriirﬁe%5b range and eeslti&fﬁaetfﬁb”thehﬁl‘té%%%%“
propayjatidndfifie ren the Dasis 6f thetiflfrasenie ¥éeaptorr poIHtt13SAR "
oxygeireonceniration system accord_nc to Maim'__ 32 wherein the
distance along the condpitbetween first and -second UlrasoniG gnats when

transmissjon-reception devices is _selected so that oglsy éﬁ}% result of she
subtrdction fafig “inté the possibie propagation time range detefmined over
possibledibadag eAdioTS0f the ultrasonic apparatus. 14. An oxygen
concentration system accordingttor claame13 whegeindhe:distamce aengward
the conduit hefweep; first:and, second, ltrasopic- trapsmission-reception
devices -is sleeted to satisfy the following relation.

WAVEeICIring pass OVED & L0 1uvVel;

prepagation time calculation mear

=
w

coupled to the temperature ssenscor, the trigger signal

generating means and the zero-cross signal generating

7

means, for {1) calculating a2 possible propagation time

1

range on the basis of the gas temperature detected D

the

y
temperature sensor, (2) detsrmining whether or not the
phases at which two first trigger signals, respectively
generated con the basis of the forward and backward
waveforms, coincide with =ach other, (3) processin
zero-cross signals so that the phases colncide with each

other 1f they do not colncide with each other, (4)

obtazining reference zerc-cross time instant by

calculating mean value of the forward and backward zaro-

crogs time instants, (57 obtaining an ultrasonic
reception peint by subtracting an integral multiple of

the c¢ycle of the ultrasonic waves sco that ths results of
the subtracticn falls into the possible propagation time

range and (&) estimating the ultrasonic propagation

o
t
E..{_
=
6}

on the besis of the ultrasonic reception point.
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[- '+ L /C (T 1/f 10 s/Lm n(Tm n) _ s marl+min)) where: s: propagation
length (m) f: frequency of the ultrasonic waves in the sample gas 15
VmIR(TmllI) : the lower limit of the ultrasonic velocity (m/sec) through the
oxygen enriched gas at the lowest Worlaﬁg Temperature Tmir. (Celsius

~ degrees; C=r(Tmix,) : the upper limit of the ultrasonic velocity (m/sect
through the oxygen enriched gas at the lowest 20 working tem efature T.
(CeldiGs Bbgreas) 1%1‘?A“r‘iaBF()‘/géf’rT%Uﬁcéht?atﬁ)cﬁqsylét(ijn‘%D §edGiding t6 Traift©
12 wherein the Inrisraradius-oftherderiduitis salepfedbso Bsatithes 18
difference betweendhe+. forward and: backwarsgspropagatioptime isn falls
smaler thag the,exdle,of 2%, the liasopic wayes VOAGENRMOMINGLg ove

condition of the oxygen enrlched gas. 16. An ultrasonic apparatus
accEifiig fo Clz;\"ijr‘f‘lmi{zL NRh&ERSH the iner fadids of*fhter(a,‘gf? titis"sélacted "
to satisfy fie- follBwirry: relatioA SO-ES(CRMIN(PMiMY QffaxA 6000012} =&t
(Crain £Turin)-Qmax={50600Q7L: 5s2:<té where; propagatien:length {fmen
r: inger radiys gf the. 891%d%'¥ mas?élf freguency,of the ultrasonic wayes in

the sample gas Cm n,T,u (ffn . the ower limit of the uItrasonlc - velocity

(m./S&C) thréugtt i B%Gen enriched as At the WSt Working: = -+ 7

temperature Train (Célsi{issdeghees) - 33/ Q@M.%h@ﬂpﬁerll#mt of the
oxygereenriched gas flow rate (litter/min) 17. An oxygen concentration

system accordlgggj%nq@r%; wlgggsjq the, conduit includes a straight
potion 5 and pérpendicular portions perpendlcularlx connected to the

ends of the' StraigREPSHioh;©F the witrasonic in the sample
gag

\ Fy o G £
Cpin {Tmin) ¢ The loweyr limit of th

1

ultrasonic velocity

{m/sec) through the oxygen enriched gas at the lowest

o

working temperature Tmys (Celsius degrees;
Cpax (Tmin) 1 The upper limit of the ultrasonic veloclty

(m/sec) through the oxygen enriched gas at the lowest

working temperature Tny (Celsius deqreeS}

15 An oxygen concentration system according to
claim 17 wherein the inner radius of the conduilt is
selected so that the differsnce bhetween the forward and
bac

kward propagation time is smaller than ths cycle of
i

the ultrascnic waves under the wo

Fh
t
g
<

king condition of

oxygen enriched gas.

16. An ultrasonic apparatus according to claim 12
wherein the inner radius of the condult is sslected to
gatisfy the following relation

Ls/ (Cazn | Tuin) ~Omax/ (6000073} )
~Ls/ {Cain (Tmin} +Cnax/ (6000072} } <1/2
where:

inner radius of the conduit {m}

freguency of the ultrasonic waves in the sample

W
jth
[44]

Cpin (Tmin) ¢ Che lower limit of the ultrasonic veloclty
(m/sec) through the oxvgen enriched gas at the lowsst

working tempsarature Tu, [(Celsius degrees)
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the first and second ultrasonic transmission-reception devices are

disposed in the perpendicular portions to face the ends of the straight 10
portion; and the distance between the first and second ultrasonic
transmission-reception devices and tﬁeJIBes“r)ective ends of the straight
portion of the conduit satisfying the following relation. 15 O<D<frz/C D:

the distance (m) between the first and second ultrasonic . e
transmissiemzrecepioH etices and the redpettive 8RdSof te sfrafght ~ "
portivrt frequenty of theé ultrasonic waves in the sample 20 gas (Hz) inner
radius of the congduit{m)Jfervelosaity of the ulrasenicowaves {misece;d 8- An
oxygen coneentration system accaiding to, claim 12 whevein the copduitis,
secured to the oxygen 25 concentration a ara%ﬁ@‘ t one point to a low
the BB TAPETE SxBand 11 the ongit e drection Of e SFaight
portiorefreetisfrorh éxterridl ferce Wwhich-imaybe generated when the

conduit is thermally deferaed: rst and second ultrasonic

transmissicn-reception devices are disposed in the

r(j

erpendicular portions to face the ends of the straight
portion; and

the distance betwsen the first and second
ultrasonic transmission-reception devices and the
respective ends of the straight portion of the conduit
satisfyving the following relation,.
0<D<Er®/C

st and second

o
f: fregquency of the ultrasonic waves in the sample

r: inner radius of tThe 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

3%

llow the condult
rmally expand in the longitudinal direction of the

sTral

(Lo T ()]

ht portion freely from external force which may be

generated when the condult is thermally deformed

LA



