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WOCONGEMGERATI ON AND FLOW RATE OF GAS 5 Techni calcthPraiod005590

The invention relates to ultrasoni ¢ apparatus and

nmet hod for neasuring the concentration of oxygen gas

in a sanple gas and flow rate of the sanple gas,

which is supplied froman @BsERIPIIERENt rat or used

for a nedical 10 purpose. Background Art It is well

known that the propagatlon veIOC|ty of ultrasonic
waves t hUaTRASYNISMAPE ARS METHA] MEASURING THE

function of the gg@gﬁﬁ?ﬁgii@ﬁ §gg fﬂ@wtﬁﬂpgrgguggsof
the sanpl e gas Vel oCl Ty Sec) o rasoni c
5mave§eggpé§ééafﬁﬁédthrough a stationary gas is
present ed Tlmé 1ﬁ1|v@\ﬁ|tﬁ9>newtdt@% (tl)) Wit geeaie ey rctlafs and
melght % t he ugperat re T(K). 20 C= (K T/M
(“ft)wo WEEFe MRS U3 9o FANEENTEA ER8LiTE © &ﬁn gas in a
at ceﬁmpa@tgwelumﬁ fdrer meltec wfarthepeanfdle heesd, athich is
constant . pressur n , .
measar lpﬁ)& the vgﬁomnt g’fg%%l Scr asor?%ga-lé\?\)g{/gjsso({fr%%rec% medical
10 pr opagatiosg -t hr ough a sanple gas and the tenperature
T(K) of the sanple gas will provide the nean
nmol ecul ar wei ght M of the sanple gas through a
cal cBegkiggeunfoPAréxanpl e, the nean nol ecul ar wei ght M

of 30 a g3Mmlse@as &R mhra& &%eo%@gké)aﬁf&g%mw of
S

m xture of g mxture ratio P w il be
cal cUL&E§ OBy S HAVER G TEGTA |aor°r WL SeRYsd by a
15. .. &8nht1%heb& t3% M&&cdﬂﬂnunﬂdm'dwa ghie afenpergeiure of the

S 004 PoRRIE0 SoeT/ o Bbg0 T Farady Hh/A4Y) & dRrasonic waves

propagating through a stationary gas is presented by
flowing equation (1) with mean molecular 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 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 weight M of
30 a sample gas containing an oxygen-nitrogen gas mixture of
a mixture ratio P:(1-P)(0sPsl) will be calculated by
following equation (2).
M=M_,P+My, (1-P) ...(2)
Where:
35 My,: Molecular Weight of oxygen gas
My,: Molecular Weight of nitrogen gas



Therefore, the oxygen concentration P will be
obt ai ned through a cal cul ati on on the basis of the

wormasimsnent of nmean nol ecul ar wei ght M When PCEEP2004/005590
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sanpl e gas is an oxygen-nitrogen mxture, x=1.4 is
reasonable 5 over a w de range the oxygen-nitrogen
m xture ratio. Wen the velocity of ultrasonic waves

]Lolr opagalt I'Iflgaréﬂb’xféu,?hftl@ %adweea @%Sude%&@(al’dﬁﬁﬁ)P and 1t

ow_ vel.0oCl esa as | S SecC

ol R Yandin iy, PR e b,y e st o e

t he rrfemrsweﬂn@ﬂ exf ineanl nalelcatliare wed ghte Manpilergahe sample

flowis Cl=C+V, and the velocity of ultrasonic waves
Co( HASe Aoy AT S ST A9 RS d K - do i easonable

rel &vete d Qrilde SaTg & 0ahd laWdeh-Gd36gén MIBHRHY &atio.
t he Ve|OCI2%yOf t he sanple as flow V(m'sec

calculaté‘H1 e IV&HIT g |W%¥R%%°n%ﬁ5W&V%ﬁ:pqggaqatlng
thrcigh 'Ei‘l&afnlpjw reptse 1(5137'(&6’&)ed)f drite tﬁﬁmﬂl@v\gaﬁ:lOClty of

vvlllbe t.al ne It ing,the vel acity t.he
carE GBI 3%, P, A ghdinareved gy e i asonic
condavest rﬂlomghecv\hpchptﬂgetsag‘phe ghs fbowsrd2@irection
Met hads, AN aRPal Usks I g a5y NE eety, and the

concentration of a certaingas or the fl'ow vélocrty of
a Sasicdtyapt wvﬁa@%@aamgzpm/ﬁ@cm prosﬁgaheng in the

basigaMwarld & IHRRAGH AN MEREiIHY tHe IREHAILRAGAHIYY is
time of _ultrasonic waves through the sanpl e gas have

beerr:25 YevelFBBERLCESr ERGNBREC Bé}ﬁaﬂéséhﬁné%ﬁiﬁeﬂas flow
Pat entm/ Jadyl iieatdaire lkaiedl JoyNEo 18024y’ eglesadmas jan
apparatus for measuring the concentration and the
flowrate of a sanple g¥s(By-Gmagurihd the

propagat i t18 Hatd L(mA308EG ¥RVERePEaRBgA! E;Ql will be
between two ultrasonic 30 transducers opposingly

di s eed-ned &YC&H&H%P%MQ}PQ WS ae itHye Harifie gaple gas

f | ovilow Wyt Refe shapairesa Wiesanini¢doPatBBt conduit through
No. 7-209265 and No. 8-233718

Publ i.cati qns ( Kok
desm 5 %31 QP gt%sgaf St M¥suring the concentration
a ceMeihvdpambripparetusesa foanpleasyasiny the

eI 8 35, WORAAAION v elae Y Gl RORRGALON v of o

rasoni ¢ waves propagati ng
vmthsaannl@flmlu MY WP INONE) Gy PgOnciple, on the basis of

PCTH&EQQQQﬁ&HEE%%%n:$eloc1ty or the propagation time of

ultrasonic waves through the sample gas have been
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
transducers opposingly disposed in a conduit through
which the sample gas flows. Further, Japanese Unexamined
Patent Publications (Kokai) 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
propagation velocity or propagation time of ultrasonic
waves propagating through a volume with a reflecting type



apparatus including an ultrasonic transducer and an
opposi ngly di sposed reflector. In such a nethod and an

woappawatsus for nmeasuring the concentration ardTURB04/005590
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flow rate by using the propagation 5 velocity of the
ul trasonic waves, it is necessar%/ to accurately
nmeasure the propagation tinme of the ultrasonic waves.

Howeyssar dthes Simdﬂeglea@tml%dmz basd s AfcdPnd an

recei ved ul traspni c waves ways i ncludes noise
conRRI L g ?%cffe%do‘feﬁa]re&ﬁqr'to determine the

nmomrent 1@mwmismrchuld mesttrod aved e asrpparmteiye&bﬂsynéatwrlng the

|t [
SR G RS nd TP Ko 1P IRLARFIRIC Fropagation
t hr oiRprP Lty onbl tehe stﬂgtr\reﬂscmmee%veﬁg plrtoo:eajmeaceﬁ&‘»@y to

conmpl &y Jk?éf%)"@ﬁ&a A SE AR e 1 ¢
Patent 15 Publ i cation (Kokgﬂdb gJaaié)h:’>18644 descri bes Jasonlc

et HRVSDr  HRWANSY ndt pﬁwaaglatqwqu @0 (#he Lamic of the

wav esed gl Wt qmtxtem:rvmemféa of 1vdies riaaeivdss noise
ul trasonic e results

e SHRRERS o b AKGE B RGP &SGRt rififoqroment

val evhémen It radorriy ovavess sad) Itecmivemstbyntths ultrasonlc

deter th ti of the Iraso

vvaves cgicﬁée neglérgegrgeﬁ%%?é r}}ehepr]%pav? Jﬂ:coc? d| ng
to tttﬂetmcrroi_d:, waees i ¥d rﬂgid)lfretdmlsgeemeurmamﬂ ofhradgh a
Zer Qe GRORSk S N1 | Srfii s § 1 i Il &y vl T4 td;!b%noplex

anpl i tude of t recei ved vvaves I's fluctuate sonme
25 éa&@warerher@%r%awee oblaRanaPe e abisied jFatent

| nstABlid#t Ied atkord y) qicpseaiplam m&mlwm if¥chod for
ul trasonic. waves actuall ﬁ-lo hich
obt éﬁ‘%%%“’z’é‘r%-%r%"s%"a‘i?ﬁ-ﬂe&i ntslt“éﬁwt él a%%‘h‘tc waves in whic

propatatvarefome of the reddiwesbnilcnescesic lvaves is

part en sSur {
nea iur?%grga{ éégl‘]l‘ Or;{fﬁg %%eng a]fff ecq?ioath%ngq%eegreadtlo Of the
di f ferepiarmeaterdh a mzrercé@iemzamgatalm tthrr:e @:ndst tdmro-cross

zer S&h i nst
Pat gt?}%ﬁélg’ubl%%%% o{? M‘i J) No 60 13842 escr | e{sﬁa‘l@j\e of the

f1 oW Y EE S SRS VA YR %sr o"é\ﬁ dREFFUEANYK £f divel oy rate.

cur vicdSrdid ¢ WatEtk aediwy bagis tﬁfmi[ﬂ'ga dlthﬁfé)rgér&fratlon of

the received ultrasoni c waves. se t

envel ThFHRVE IS S PAheR IRF atﬂl ‘?ﬁﬁé Cf@‘mol “the

PCT/ a0 3D 5O0che received waves is fluctuated to some
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
ultrasonic waves. In particular, when the concentration
is 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
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 tinme. However, a hardware is necessary to

woampueodhe recei ved ul trasoni c waves and a c@aElI@x004/005590
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signal processing is necessary to calculate the
envel ope curve 5 based on the “sénﬁl ed waveform
Therefore, according to the invention of JPP '422, it

i's digdrciilntatieo R ¢ 2o CTRAGL cd@WieC & IWrlald InaW

cost. Disclasure of the Invention 10 The ohject of the

i nvETAPGIFE o Y dEMR VeIt PaddTiaTFpdtatfSess@ry to
met kechpfler theaswdeigyed arlaerisioatiicowased fanawar atoenpdfex signal
gas, ' 3| yr at el f

con g\rgétyrefas%lg] g\rgd%%cg\?sv%?aatye t(;%f )éaari%g zl#ﬁl%ettgl %s evﬁvﬁlé) G FUrve
conplasedsiogn dlheprseowdsidhyamedf cam . 15 hgd@iflorenalaccording to

har QRS & nRAGRAGH 1’ LRE he Br esent J M I+ et dvide a
provi ded an ultrasonic apparatus for nmeasuring th
con&OTPRLY SRVAG® MR rl&e COSta sanpl e gas,

conprising: a conduit for flow ng the sanple gas; 20 a

fir t.ultrasonk% tran ssian-reception device

m
moultes 105 Wife n§$§é%@WePﬁé‘%bnduit; a second
ul t rasoniThet rcajewts siforhee deptengri cteiisceo provtield tan
t he dl'{sf:'a%% qfc ta?%a%%@%%' tantdo feﬁ%%dt r]E%.rf lm_re%% ring
ul t rasonic t ran ssion- recefﬁl on device; 5ta
t r agoRcSitartiesepidof 1om tretref of gaist,cmiight led low to

operidyed tade rifasihie frileS oAttt nulan@$AYE rate of a

transm ssi on- reqeptl on devi ces bet_vveen a transm ssi on
nod S AHL e GRFs MUHIONG @ CORPISIXC SAed RFPCESEdGpENGh an

nodedddr ifecal Wardiwdlder.asoni ¢ waves; 30 a tenperature
conduit, for neasuring the

sensor, disposed in th

t enper at %1‘5%5@% t?aﬁ%ﬂee RI&S S oG " S o u diredife 1S
conghtidvidelte afn ndit ralstond ©o ripp atrfaansNifes arasecdpld @he

devi rating formard ultrasoni ¢ _waves relatjve . .
to tc%e Cﬁg’ %v%%‘%fnd%rnectfﬂa%ﬁv or?i Y g)%sgn‘élaglp\&aes e GHELL81N9:
devi ce i & iopndve tt fans filosiiony rabee samg lgeg@rsat i ng

backwar d emefqr MIWReR onlilke td8WsGE dlsS Jnl i@ taeeP e ce
node on the basis of the WD 2004/ 094960

PCTAPIGEH dos5d¢ inside of the conduit;

a second ultrasonic transmission-reception 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 waveform when
the device is in the reception mode on the basis of the



5 received ultrasoni c waves generated by the second
ultrasonic transm ssi on-reception device; the second

WwOowoea@seni ¢ transn ssion-reception devi ce gemreTaPr200g/005590
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backward ultrasoni c waves relative to the flow 5
direction of the sanple gas wher the device is in the
transm ssi on node and generating forward wavef or m when

t he rédiGRd slllt&ats%l&:e%ﬁ»féso@em&@t@@ e thasisecdnd
the .received %trasonl C waves g}ﬁ_nerat the first

d.b
Ul PG AP0 o R RSB 5 CEC ESEIeR 168y CEdCE means f or
gener atl ltglet rsiegpegpard snlg;nalss;mndcemmlmsmlfscmw—d-emmﬂ)tlon device

ba0§ or gege%ra'@cv% u(i\‘c gr gg{%&r%r m&%%.%tlv%veclo’ the flow

rating orvvar Zero-cro
si gdireaiion tqfetﬁl@r\ﬁ@mwl@n@alsam dheadevdices isasa the

OVel rah3nd s&8lch hdWd) 'ankl QRAHHIAM | 'f'@ﬁ'vﬁﬁijWa%te'f@}m when
nmeans, coupled to the_ terperature “sensor, the trig

si giidle g&vacs .%%&ﬁ’@ TEGEDEHON; Bl0gec OFs & he mls of the

gen&re@télwdrm&&asfo@nc( lz)av«“e@J Gén@liriat@da bRosiehIfd rst
propgTat|on t| ran on th 1€ 20 hasi s, of, the gas

te AATPS et &@W@ S TEEREEFRPUAEY 1§§hsor (2)

det erm nlme@mmeftdxergemnenmmgharp]g@ms sdtgnaits wrhlem/\nthe

f . |

bas PEPERn My ard SRRREIE pUREALS AitdetSomined
wi t He¥gdtt ot her, (3) processing the zero-cross 25

si gnal s %féatn@atfotrhge‘?lté%%%%n%o'f%%‘%dwatn@ %@Rw%tr]aerzérfo cross

t hey do not coi nci with each other, (4) obtaining

r ef SiENGd Sz MDEIC thes fOr idh g PaGKWeAd Moty MPedass over
val e zfrd heviear;war d and backmard Zero-cross tinme

i nstant s, t.ai ni.n rasonlc reception point

by 50, SRR a%gl S el TR degra g o the

t he temgerasmriec seases ,Sahiehatr ilggerr eduintad @fenfdrating means

subt n%iCttél g,)efr%l o3 ddu Q4 gﬁt%}%.p%%?u'e@a% 1 o%%%%tl or%otxj ::{El)

range an estimatin Cr asomic propdga
ti rr@admtlwetlt;%@s posfs ithe piroragatiion ¢éast iremgsoiont the

35 Badikels %@f‘eorg%'sngzetnfbe%%‘%hli@’ dfe‘%%tc'ére% ®fy W temperature
invention, there s provi ed a nmeth neasurlng the

conSERSCHi di Jod iQiggs whiekhiety Ot%P@lffgl’?h& Bhid@st 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, (5) obtaining an ultrasonic 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.

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



WD 2004/ 094960 PCT/ JP2004/ 005590 6 conprising the
steps of: generating forward ultrasonic waves relative
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backward ultrasonic waves relative to the 5 flow
direction of the sanple gas; medsur i ng the tenperature
of the sanple gas flow ng through the conduit;

geneycitd it itd GaRy gﬂéggﬂéfymen the forward and
backward wavef orns pass over a predeterm ned |level; 10

gener at i AFYGRR HRF Rk Wt 38aT0-T MEYE s iffildtstve to the
whert Idwe direrericbranst Backving MAVRIOr ms pass over a

zero level; cal.culati a possi bl e propagation .tine

range on IHET acefg}%% cqiq“f?etcgé’éﬁréar?ﬁéﬁé‘t mag’ec?etreecltaetdl‘iﬁ/ to the
t he ftlanpeatiatagte onl » s erteorsamdteergasyi ng whet her or not

t he phas ' [J.St ' I .Qﬂﬁ‘ﬁ’ .
respective a)%tugfgrye%?zr}t}{e%%oerﬁ%{%t Igés?%ec;c t Re Forwer flowing
and BEQUMEY EheBemsiait’ coincide with each other; 20

processi ngrid¥en eI -t iQfife 15 | ANAH S 5 YHA HN & JRASRS and
coincide with each other if they do not coincide with
eacPHTHEAT SRAVEIRTE RASH VEF ARFSAsie&rningd level;

i nst ant yenexad thid atficyvarehand bae kfadidh e drawras argdi gnals

backward .zeraq-_ 25 cross. ti inst{ants;. Qbtaining an
ul t rw\gg&nitéler gfcoerp alréir} apn(ﬁ rﬁa%arsiﬁﬁvae?cfﬂrﬁbg 7S toé’gqrala zero
mul tlieptesl ;of the cycle of the ultrasonic waves so that

the resulds of; e 5 UPTIAGIAR ﬁr?#&%&qtéﬁ .tér}g'(}e range on the

possi bl e propagati on tine range; St I ng

ul t REore CHhridisag@s diemHarRtiTe [detasdsic kyf thee temperature
ul t reas@¥C reception point. Further, according to

anot her feature of th invention, there _is provided

an oxygeP SIS (et hF s dmSr tendh@saRy an which two

OXYy gfeirr sanrd rakefe rg s, g ey xSt cIa vl yoXjaRirated on the

COMELE PR L, SRR s P Boincce
with each other;

processing the zero-cross signals so that the phases
coincide with each other if 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 instants;

obtaining an ultrasonic 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

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

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



nitrogen fromthe air; and WO 2004/ 094960
PCT/ JP2004/ 005590 7 an ultrasonic apparatus for

worsaismdeng t he concentration of the oxygen i RCTHE2004/005590
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oxygen enriched gas and flow rate of the oxygen
enriched gas, the ultrasonic 'a?pa?rat us conprising: 5
a conduit for receiving and flow ng the oxygen

enri ched gasil & dddrsilc WPPgASANIC for measuring the
transm ssion-r.eception device nounted to the inside

of (IRRENTR T Weddifd WPMIBRs gy Ehe oxygen enriched gas
t r arsrd ficon-raaeeEii ahed@syeen Ehmnihaddedidsy e ultrasonic

inﬂéﬁﬁéyégdgaégﬂyygéi&C)face the first wultrasonic

tran Ssi on-reception Hevi ce; a

transm s eendaddptiican redeiot nigoranshifileniing tthe oxygen
operafd idhdPdaHLf the first and second ultrasonic
transm ssi on-Tecepti on devi ces between a transni ssion

15 node forf FHStHaSAP IR (RIS iS siQfsTegfptdon device
r eceqiuraied metrfearir{jsaca@ \dfgg,_m:l tc{]o&ﬁﬂﬁi‘dé; yvave?; a
terrperature SEeNnsor, | SpOos.e In the candult, I, .
measur | nd TIRE Pl FARR G R SRS e ARk n device
f | owiown tteher dueg - hteh el nesdmiuidf, 2@ tdeenduintsttaulfiaces darhiec first
tra 1.58).QNn- tJ ' ratj orward
uIt?@gg%%%gQéagg%%§@§%%§¥¥b fﬁ%’ %ﬁNd%ﬁaésﬁion of

the oxygen teranisgHed igus neeeption davitod ifor jsvitiehing the
trangid,Ssl i R 3 tg%ﬂ@iqtgtn%n@a%va?n% VAR ¢

when the device is in the reception node on the basis .
of APV SR RRTI oY ifffe PefeicaTared 1P THE S 1on

secofidie WHdr asQiHshidEANY IS rAForaee Maveis da\d e rddd®tion
second, ultrasoni c t.ransm ssion-recepti on device

gendlPS F§ ARV NA TR eV 56l ati ve to the
flow di reedtenmgre refturee sensgpen ehsposed gas thleercdrimit, for

devi St il q v
for gt 3y (Whd N LR8I W gas
mod e lov it thagiughofthe wondaddi;ved ul trasoni c waves

gener at e Hy fih& 1%l a dOilASUEmission-reception device
transmi ssi on-recepti on devi ce; means for generating

tri gFeEgRd £ ¢ e LR S MR VT idied to the flow
wav ef irett iRas HOwHe Y RILteiicRd 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 device;

the second ultrasonic transmission-reception device
generating backward ultrasonic waves relative to the flow
direction of the oxygen enriched gas when the device is
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
forward and backward waveforms pass over a predetermined
level;

means for generating forward and backward zero~cross



| evel ; neans for generating forward and backward
zero-cross WO 2004/ 094960 PCT/ JP2004/ 005590 - 8

wa2gwaddsssonhen t he forward and backward wavef orrsr/ e/ 005590
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over a zero level; propagation_tine calculation
nmeans, coupled to the tenperatbre sensor, the trigger
signal generating neans 5 and the zero-cross signa

gengighkng w&aHSthEOEOQ&hraahﬁalahbngaadp@asébbgms pass over
pro a?atloi EE range on the basis of the gas

n% Gf8re®d&técted by the tenperature sensor, (2)
detern1npngpabathen 0imeotanbalphaeesmahnswhbohpumﬂ to the

by .
{ hothabbLASREpELENgLE, ERODEELLYELY QSIS ShEHel ety means
coi ABfdEhRi EAreackosEheigngld) gpnecatsnagmenas, for (1)

zerea@eeiatlﬁggaabés§Qbﬁeabrgasg9€§éﬁst9ﬁénQbHaeMbhhthe
each ot her o not colnCide with each_ other,

|
() BaBLAT AEnGhPeRErcROBPSEREAER sUE erkEd REL ARG Bgmberature
cal eghabkng (ppadetédbmyaling wﬁeth@rf@rmnbd 8nd pnakwardt

: . h :
¢ cHpEPBnteB ALBY TEaBERScPIRBRN | REBUPAr:HaLY, BRBerated
of bhetbgcbesat bﬁethelfoawandcamavbackwaraaWaVbéorms,

resHEEﬁc?EetP?tﬁ“@%&ﬁcgkﬁg (6?5| %SSEFSﬁpgﬁé'Qe?o -cross

propagation tine range an
ul t FAgBALE ppopagattbﬁ phﬁéeSncohecbéguwltbfeahb other if

ul t £agQNi6 ﬁggeeghﬁelgglQ&tthEEHGBthQECORgbnnganlng
anothef feature of the invenfion, theré is’ provided

an BRYGERNEBNEBRPTSEPSA té?@téﬁ?FBPthMeFa%FHéaéhng mean
oxygamuenbfchﬁd g63waganahaSbangQEdaBeexyeeass tlme

concen ion a&gtus .for gatln .an gﬁ b
enr%Bﬁ &as 6 ad86P b ARInP rBS hafs 8nﬁege gon point by
ni t sogenateaongt he antegaad mnluliplasofii chappgacadeusff dhe

”EaEEEkQQOEQE HSQQgegg %EEg”FﬁE £Q§ ¥98?hkﬁetE8btractlon

%en enr ow ra
enr tahéd gaso thé Qpﬁsabéﬂuproapgataonstcmﬁprasgﬁgand (6)

condyktmh ek n! angl€9a99h§€tg¥8p9§§tléﬂet1me on the basis
concentration of e nheasured; a first

ul t PAsERPCUL FRASANAS| BREPREABRI BR1BEVYI ce

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

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
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
mounted to the inside of the conduit;

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



35 mounted to the inside of the conduit; a second
ultrasonic transm ssion-reception device nounted to
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2004/ 094960 PCT/ JP2004/ 005590 9 ultrasonic
transm ssi on-reception devicel fhe conduit includes a
strai ght potion and perpendicul ar portions

pera%&@e%&haelxrﬁaaﬁsggggntgehagt1%ﬁdae9&cbhe strai ght
portlon irst and secon u traionlc

transn1s§38nc°PQHé§t98ﬁ18é§§céss§FélS §pBsEdonnapfe

perpem@enuhau1aaopbram©neopéapenaheueadsyothhected to the
i_on he di stance between the first

Zﬂgaé goﬁgo%ﬁﬁrgggﬁﬁg t PRASACES] on-reception devi ces

and the rtéspédtristeaeddsecbndlltiresonigi granpoisisapnef
the ggggyhbnsﬁEb%EgbngrEhﬁésgggkﬂm”EgtﬁﬁlﬁEEgEndﬁcular

wher tance
f|r§Préﬁ@n§eé@néaCEStQPtﬁ&éénpé Fhﬁn§ﬁ¥§é96ﬁ pPeg&pPnenand

devi ces %ﬁ@ Hﬁetahe&p@@kw%@neaﬁé @&r%heaﬁargbaahd ultrasonlc
por i on : fre uenc uItrasonlc ves in

th
FaRg4SSUADT EPEEFRER PRUTGE S0P Ehe Cof GaPECEATe26nds Of
C tékeosicrpightt pertlibnasdnichewavasuihl sat)sfBinef the

Des¢r ie% gg oge&g%lgkamnngs Figure 1 is a schematic
di agramo dn O0Xygen ‘concentration apparatus

accordlng the invention; 250fPghire’/L is a schematic

di aghameof an ul t r asoni c apparatus of the invention;
Figure 3A is a waveform based on_the received

ul t Pas&hiec IhEFEECeFri(Fur 8e3Bers 4Reefiizp§egnd second

i 1] ugthrakodl cot ranBAikis@Bn - %@ce tiba wavetesmasaoWRel N
Figure 3A, Figure 4 is | ustrati on showi ng the

uItF§§BﬁF$lVﬁa§@FSrHFWFgﬁ FﬁéaﬂﬂpﬁgBPr§FQﬁals and the
zer @-cE@eguedcgnalfsthei gukeaSonic %ageaphnshbe sBambhe gas

rel?%ggn bet ween t he
r: inner radius of the conduit (m)
C: velocity of the ultrasonic waves (m/sec)

Brief Description of the Drawings

Figure 1 is a schematic diagram of an 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 3A;

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

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

Figure 6 is an illustration showing forward and

backward ultrasonic waveforms in case that the phases, at



35 velocity of the ultrasonic waves and the
tenperature; Figure 6 is an illustration show ng
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t he phases, at WD 2004/ 094960 PCT/ JP2004/ 005590 - 10
whi ch the trigger signals ar e‘géplefat ed, coincide with
each other; Figure 7 is an illustration simlar to

t hat,rafen %wrterl@de& Qﬁlatl@tarteh%e(mﬁ"%%%djo d¥ilncide with
coincide with 5 @ach ot Figure 8 is an

il tq%‘r?rglmlartothat of Figure 6 in case that
t he phasesqaeot 1cso|aa£|1<1awﬂﬂatleﬁprsmtﬂ1arr to ginaa Df

iy B 1R T e Qe TR SRt e

asseguth ethdgt t he san‘pl e gas is in stationary
state, F'E%!{\ﬁrel% 'r°s ah %’éﬂu@@a@ﬁ# Idsushrat LN dHiife of

expl ai ni ng the way for obtaining trasoni ¢

rec@ﬁ{qudfr? 615 p&iase thagurtdiel phases §é7ctni°6=n Cofinigle with
ul t reasnick rRppar at us according to anot her enbodi nent

of the |nvent|o , ure 12 is an e anat or.y
|IIustreuF%ﬂPq%) %ﬁ %ﬁ;ﬁqﬂ§%ﬁ¥ﬂﬁyyq%ﬁﬁ?q%ﬂqnﬁf Tat
t he e‘xpimlmfngarthemiay tfroasmhuaitrnamsdmeerzeﬁa-gmm ¥ime
sho ri t I t ras( vef

SRR BT By TP SRR B R8s 1
Flgmmaixbma§¥MH;a§qxwlnental results of uItrasonlc
25 Wavef%”aﬁ;f@' T ae?]%dcol} 3N 13AAa ﬁaéres

Fi gure and Flgures 15 ows e perlnen
of m&leﬁslmrtg A efast r@wmm SBteaiHdd apP e receptlon
appyatdts of Figure 11. 30 Best Mdbde for Carrying out

the Invention A preferred enbodi msnt of the present
i nvent i off Wd44e 1b1e ife e Sa5ed Vel Bw then utlﬁieraeﬁ%dbldﬁ féRaratus
desaiddeadiiir} @ ahother embodiment of the invention;

Figure 12 is an explanatory illustration for
explaining the sound field formed at the front of an
ultrasonic transducer;

Figures 13 shows experimental results of ultrasonic
waveforms which were obtained by an apparatus of Figure
11;

Figures 14 shows experimental results of ultrasonic
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.

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
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
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present invention can be supplied to a m xture

i ncl udi ng WD 2004/ 094960 PCT/JIP2B07/ 005590 - 11

anot her gas. Figure 1 shows a schematic di agram of an
OXY @bt He@NGRRt.rati on system having an ultrasonic gas
concentration and flow rate neasuring apparatus

accor di ng WUEE d FHhOMSr Be § ERBGEHLFe AL 3GF A O fpids ey gen

I NV erinceht rBtd oap Risaiens hbYQ nigh @inUda s rald ooy gefas
concentration. apparatus 102 which praduces an Qxygen di
enr ICCREF"FES By " Pé‘ﬁ@\fi § FiHFoJER SHFGMS; REPTATYS” according
supplo ed pre fz reenp radeciimebd4 offr duimet Iperesengi daveh ttilos .
SySte”‘tﬁ@%ﬁgggé?ﬁgh%eﬁO%Oana%dE@ea%x. e%p@dﬁgﬂatration

gas produc oxygen _concentration “apparatus

102 FPPAFEFMS dd 2t &N MU IPKCAYIGIFISe aNa PFAIIENUSTIOT NG (dee by

Pr egRioviiie Miitdd el Fudih ahld QWr sapd1Seld by ad¥Vnptessor

108, sugﬁ as gﬁpressure reduction valv%ir Th$hprod ced

oxy Qi Gt Al GREEG Rin W SR S SN Sort it ey 106

pat iTérel oixtyrgeng fe nar ipthediu efaiso prioduiced bi0 thelloxyapeygen

concent rati : rat I ncl.udes a_ pluyraljt f .

COMEREA AR ARIRC LIS 2 B B 2 wrcrasonso

ads eppera taisc R 0ds of zde ipreseatpiipivieg tsyst emrogdt a £low

shoun) J RElydi Ay 49 gf Ol lipf GGt in R reducti

conpr esseg E'l;ltl rn%?rdgeglt he corfprsélsso%_l&%trloeg%aqh &t e ton _

pl urVAliviey prh@oIPl;m@C@ﬁid opged eaCichgdt 9@ sprigdfded supplied

OXY QR LRetNRF GaDaft/i@Mt! R reRlgnmas ﬁtr%dtu%@:_ifdnowl%_b% 110.

setting device 108 and val ves (not shown) dispased in

the pipih§ SR CONCEHEATPE FPEFERNG i LA96Si fg

t he pPdaradridiy tof 2o lumals t(ne tadhomwngntf oo ricaioreddart iore

of col u adsorb iLtraogen _tao.praduce t.he _oxygen

enrﬁl(k:]%ergg%élas dzsr% SR Zs ;(]"ohr @%nt% ggﬁtléitﬁéd 3 ﬁltpﬁ‘élgoﬁ( -em

col Umes shelvweas 6 niclaidddgo coed uditsr dgen diigecttiag the

r ORISR Pl i1 G N MY 2Q WL A 0Ty @ACH L3 tn

Fi gurepézlféét he Lﬁlt rasrc?ﬁqldc appgr gt uss ftog of th%gpr esent ©

i nv@RIEE ftyr afe£odimag @W@_f@@n@éﬁﬁﬂéﬂm@ht@#d?ﬁ@@uced

fl 0WxRfed @nrad chRWPIRsIFToM lthebP@olumns to the flow rate
setting device 108 and valves (not shown) disposed in the
piping system for selectively opening and closing the
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 other columns
release the adsorbed nitrogen for the regeneration of the
adsorbent.

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

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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produced by the oxygen concent gtion apparatus 102.
The conduit 202 has a WD 20047094960 PCT/ JP2004/ 005590
- 12 straight portion 208 and perpendi cul ar portions

204ts&&(élg§rﬁ6 gorHient fh?:bst mech% Afcutike %Idrﬂﬂﬁigllqu 20t4 and
ortjo e s ai ort on conpri a condui

renia? (RANTRS S BT NS fifort e RELA AR GOTgon . The
whi Gt réaesh th o rahiang e 8 &oa{m@etsha Iwmlmm{bmlr&V1ng a
A f'JﬁIcul’ilatrr %%Q:Q:'lon r%%Sdléci% %]e8 %Y‘l'l%' n.%o f' r% );:hanges

ul trasonic s’S|on rece Ion device, IS
pr o\A lgay a:thearlormmuﬁlrtalie axn@ -de Poff itrtsd s:tlrta1a@mnlc

POr tt Qfhs RYMb A 298C O%O\Méﬂrﬁs QNG A ARI4YGRIo a2

provi ding a second Ultrasonic 10
tr ar?srrﬁr’sséf}lo‘i%%oé’céﬁqecﬂjfld’é\ud@é’ icey flisyddpHyumrayided at an
t he enef kefr t@vd 10fs ildee dMsihde safr alily tstpoditghin pPeiid @ second

208 t face t t ul trasonic transducer 218 .
Ch a1kt e NG drddbioat] 200 Bt o Hacktit aiifrasonic
secmnsmnmr@dapeumm&w isnd 122 liys moafmarerdecto the

engt r i.cyl ar, .
bor SRR O LS e Fi RGN Lon, 208 o
to these 1tdw diimsdt ndrtrca‘sqrh@ gaansducergl? ithe dandiiits

202, epfisy idde it Q:theoQﬁst%Qﬁ% b'Q{%\,equ(){-_gl%n fﬁ%erétr{datée@'bnd

apparatus 102 is connected the 20 inlet port

as AHFRANV IFad rSoHRE T 2tlt?r Giligh 222 ﬁ?pm%feéérﬁﬂutto a

210prpagxﬂﬂaﬁumengﬁﬁ IRortion 206, disposed at the
downstream si de rel etotheflg\rﬁdlrectlon of tgg)e

gas thr pteﬁéD AL RETHLD 2F uEPFES 2o
t o wipsthre2in tshelepredsdtiiven to Ither f1HW idd reartiect ed. the gas

H?E?{Pa ggglggg%m A Y ch 224 %nﬁ%f{z%gp&%d 7! NG he

rasoni ¢ transducers
The PYASNoSSiceNtTadden @pPpawatets 222 iisdepemdsied) to the

SWi tiGhes: te-fORRYsatl 140 Jmde Al 3% fdutlc e 584 g30 a

ul trasoni ¢ transducers 218 and bet ween a
t r arfSIRRIS sPndvdde 319 -whi ch t he f| rst and second

ul trasonithd pAIPEGEIilar portion 206, disposed at the
downstream side relative to the flow direction of the gas
through the conduit 202, has an outlet port 206a to which
the production filter 110 is connected.
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 first and second
ultrasonic transducers 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 ultrasonic transducers
218 and 222 receive the ultrasonic waves. The
transmission-reception switch 224 is connected to a
microcomputer 226 so that the switching operation of

transmission-reception switch 224 is controlled by the
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The 35 transmi ssion-reception sm$tch 224 is connected
to a mcroconputer 226 so that-the swtching
operation of transm ssion-reception switch 224 is
conti@lrcR&mp tiche 2@ 2004/ 094960 PCT/JP2004/005590 -
13 nlcroconputer 226. Tenper at ure sensors 216 an

220, for TFERSEATNG S ﬁ@nspéﬁpérlét Gre &€ 0n é°§a§‘eﬂs&ﬁlﬁ§ the
t hr mgipetrla&uw i tth20gas &aewdlnfgpQ&&dugmeﬂ:a@abloyldlurit 202,

t he Rer | a rt| ns 204 206 so hat t hey

do RaE Biarerd < RetRReRRLY dRe Pel ParBRAiSenRd, g tons 204
The angnévaser ¢ hegnsdey 206 natd di220rdr séheoddoot éat tthe
thes@f& ”ﬁé tﬁo%2§08ln %@'Ste%ggQ%%h&%nse sorf2€ 216 and

changes i'n e erature %as |1 S .
smal2i20 Giley coOnBesTecha é#semapapsog@ﬁssrrs 26 -218rotthis

220c&&he&%;@mspﬁitheAc%%hﬁé% Z%Sth@ft@hbék%&u&@eof the
first agq second &rasonlc trans grs 218 and 222,

a zE8P8PcFo§Es &été dn OPPYuPPe94 £be GeMpetatyre sensors
zer @16r @3s 2Ri0mmayi mstdﬁB@o@hdthe signal s fron1the

f | d d
(5t 20, SeAgd Lol el gy 3aluces 21 Mo
t he Bpgesonig cordisduce ref 21t8h@ndle\2|2@e aoaeamdcmss

Meagieh @R o’ eSS a@@o”%%qrﬁeﬁ%%tlg E%@'ngr%ss time

nonvol atil e nmenory device or_a disc Vi ce
stoﬂPﬁ&aPﬁ§ SfetRiE; §ﬁ9§@§ﬁeﬁFP@rt@ﬁefﬁFéﬁo@@ﬁp@EQPnﬁO

226 udRe 26N QU T rRMsATRERISS 238 a6ANReCt ed Wasthey unit 234
croconput.er 226. The operati on of the ul t.rasonic

ConCOr IRCAtAng (O Rae Fandle QG eafsdng: Gonsggion of
of &h@ ﬁeese@t20®nbmd|ma@tmMabhrbmedes&@Bh&dsb@h@wmeabry 232

A sanp) for ex Q en-ni.t rogen _gas .
nlxtur dﬁg ik PTRY© ? g oPeWﬁ¥%h%F¥lﬁe Pf(gsﬁglfFVlce
is f@mpgkpedngotmheO@@mamubnzeystAm ﬁbatthewmicrbeomputer
te r-ature e o S

tegggﬁakﬁsé%gghgggsp§§gﬁ SQ% 8§ g%%%sgﬁggnQ§hﬁﬁg 30

t hePeSEOCOMPUGEEd 228 -t he nenory 232 as a reference

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 gas

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 ultrasonic waves are transmitted to the
driver 228 from the microcomputer 226. A pulse voltage
is supplied to the first ultrasonic transducer 218 from



tenperature TQ(K). According to the enbodi nent, the
wor ki ng tenperature range of the system 100 is
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degrees. During the supply of the sanple gas, pulses
for 35 generating the ultrasomit Wwaves are
transmtted to the driver 228 fromthe m croconputer

226+nA BEH%@rVQb%agﬁroh%hsﬁBB|E%ﬂn%ﬁibBQoBLkébeption switch
uIt%?aonlc transducer 218 from WD 2004/ 094

0
PCTA3P2004P605556¢ PlIEaSPHéCdFFGQFdﬁﬁsrtﬁigugﬁnFﬁétes
trandrrasoaicr eeopti eprevisbohdidgdroThtaef pudse voltage. The

ul t [ .ra er er at l.trasaqni
cor PATBARE RS PavER ehrEatSh bl She e ST B EaRBETE
wavégageducetred 18y prbpagiatet throngbothe Sampdrsdaserf lowing

218+ RE-BRABAL Bt BEOUGRKLD ﬁo?@%he 2985 of! ‘EWie”EonngiQU% 2 and
the straight portion”208 of the conduit 202 an are
rec8r@edepgivRe S¥céRE SPCPAdoHlLErAFaRdGuEERNSINCErTRE2 -

secend dktbagonl¢rhcanseueeandddcaenenat @gnaktates an
elec;rlc signal c rresgondln .to the %ece

d .
Ul { PAEHFEC16 TI9ds CO8 SPRECRIGPEC SRpSTEr T956 TWRAoBghTasonic

t hewhwrass tos shenmiceoeptipanesWw2l6h tA24ughd thiee transmission-

zer Q-.Gr e 1.QN ,Gi,r GUILt 3 h i.Cr . . .
5o R BRI LRARL 2ol B B 0ec e B BRI B circui
on 2RE.badhe oficriecompuserhddt chdculanesi thed fpyweed

ar e jgeRaGakedn! @ ikae tdrisee) &#8 the ¥d il ivie WGl when
the el ectric signal i§ received from the second .
uItF§§oﬁFén§W&ﬁg&Qc§P1§2§.a?ﬁeﬁ?nﬁﬁéted to the driver 228

trapgd $£5ie0Rimec GblenORheWellelt224 sWghehess tle@eived from
ope&gklon no eHﬁ& the first ultrason transducer 218

f r ofmth&SCPE P&ﬁnﬁﬁdérPBSpﬁéeFeégﬁrion nmode ri ght

20 after Thea , eltdet tiransmdsslioh-ercebe isacerdtch 224 switches

ul trasoni rransqucer 222.is_r.eceiv and al s

i (ERosvpia VRIS RAER o Se” SR EER tEa SR Res Prapsepcer 210

t r afgducshe222 ansmdwistlioa medeptiootheodeceptila mode right

trangRie$si @l TadetriEngreabietroRUkpges gfe%ngeﬂ%g%‘a's%ic

the ultrasonic waves 25 are transmtted to the driver

228tFE@ﬁﬂPﬁérw?@?oé&wﬁ@F@ﬂveQZGPéAaéﬁpséWGGFP§§etm§

SUppipiee@ thiont RedeeeFnehellsktananiug tih@nsd¢C @i adddueem222

t he drlvgr 228 throu%h tpg trggsn153|onzrecept|o

swi CER™2 2R FRECPEIEN O Er &8oiitE TEARREGGEEPI2T0qe -

gendhaires fitletr, apulise swdves generaspogdithg ultrasonic waves
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
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
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



30 to the pul se voltage. The ultrasonic waves are
received by the first ultrasonic transducer 218. The
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signal corresponding to the received ultrasonic waves
to the microconputer 226 throudh the
transm ssion-reception 35 switch 224 and the

Zer O &4 0591 Al el e £ {1 deredht & o M QEOTUM €428 and
226 cal cul ates the backward propagation tine ts2(sec

on tHE H2EIS Wien H'q i e GiHelt tHe W3 JdoHesigersl from the
PCT/ 204 DO hic dfanddwananited pul ses are

ted, to_the d 228 and _th
ot ri ¢ 3 GRAI Y ne b GrA MR OF (st B Faeohine

tr arsifiesri 31 f B;he)tﬁ]awmcnfg e segrlesagae iof tled combuit

te2, f t f

tﬁe c%iqng:;*l 8542554 can e rlfe}?r%vde%% rkletra on?eatgj‘aénIJJ]lme t
pr opaydtherftatonary isammie staf iiohalef igwmhlhy dhsljawing
defi ©dord ofdpWi ng equation (4). t8=(tel.+t82)/2

.(4) 10 The m croconputer 226 then cal cul ates the
ul trasoni ¢ propagat i on tvel baity)C8(m 6&L) through the

stati onar equat c
CooLs/ts The sr‘?]g@'%oeclcﬁ@%oncen%)éMa{}%ono&%aldlﬁ%éeg pd¢ piltrasonic
obt prRRRIAL I fus lawi by Gqodseen tbyovaht hiebasiasionary

COULRIE: (s B £ QsnP ST G M) | (W02 ML)

Furt her’, the concentratl on of oxygen in the
san‘pl e can be obt ai ned asC&Irsétgo 4B)the ultrasonic
propagatign 20 veIOC|t nd.th
ul t rasoni ¢ progagt o %‘iclq}fyegseqpr{?slgﬁwo F’aéﬁ?g RY
gas fandl &i09G céquatt:rcuge(rﬁ pyas tHwtbasss tdfe eduataisans ¢(1) and
propﬁzgﬁti on velocity CO02(msec) at tenperature TS(K)
t hrough 100% of oxygen gas and the ultrasonic

propagati on veIociwa@NZ@ﬁtﬁem%)dﬂM&SNggnpemabure

Ts(K) throu 100%.0of nitro as easjly
obt al ned o AT e C, O ST o the sample
cal adratles dﬂ:ytéméd)vmsnga arptato aE (the wilitrddwnic propagation

glatnrj JH‘lgty r?r{:argeatéa%]yelé)ézé té’ncpst(}{g Sﬁelct)ratggnl%gfbxtgbagatlon
velocitles in 100% of oxygen gas and 100% of nitrogen
gas. That is, the ultrasonic propagation velocity
Co.(m/sec) at temperature T (K) through 100% of oXygen gas
and the ultrasonic propagation velocity C,,(m/sec) at
temperature T4 (K) through 100% of nitrogen gas can be
easily obtained by using equation (l). Thus, Pg can be
calculated by following equation (7) with the ultrasonic
propagation velocity Cg(m/sec) through the sample gas.
Pe=(1/Cs*~1/Cx,° )/ (1/Cor?=1/Cg%) ... (7)

Such calculations are conducted by the microcomputer
126, and the results are indicated by the display unit
134,

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

transmits the ultrasonic waves is referred to as an



Ps= ( 1 /GCs2-1/CN22) / ( 1 /Q022-1/CN22 ) ... (7) 30
Such cal cul ati ons are conducted by the m croconputer
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134. Next, the explanation will_be directed to a
met hod of obtaining tsl and Ts2® Tn this connecti on,
the nmonent 35 when the first or second ultrasonic

tr amg%qrorek&n@ AL Gr{ea%ﬁietn% the i ldiea s aHsE: WaVe®cond
is rel erred to as an. WO 2004/ 094960 PCT/ JP2004/ 005590

(GRS 6 HEARS TR 1 EmbiFo P 2T&T ST [y UgrtTasonic

secmdresulltsr AP dd s Acein 2AM8 ralsodd2 reeriptdsr dint in
uItr son C ves i.s referred to as an ultrasonic

rece 5 & 5561 3BPL493E 9% sent application. 5 Figure
3A shovvs Fa guyei c3a§l shicwsa o rtiyp iweanle fudrtma soedel wegrefyorm

the 10 GJ5Q% %ﬁc"i%%o’ﬁlr%%%h% 3B 6l S r i 'x%rB%%mi%t an

of a portion e wavef or own by circ
shomlﬁsfgﬁ“@ﬂtes?f?ﬁ T tIRN KHe they aRFEHATHC ISh@ss by circle

variz;gis ne ShMaNeiigrdy G e 3¢ fftlhféUIVJavte‘Iorm includes
detect 1Q the ultrasonic receptlon p0|nt

It PR L S EORERAT IS PG aRe s ago detect
Theﬁﬁkom&tnasmmmbInycdpimﬁw;mne&emﬁ mmmemmumasddne waves

ul 139001 6, PR A0 ROIAL J5 Sl YR e o bl Ohoooraing

the cros tlne stant o maveforn1mh|c
det et@t agdeafpres ante mv;elnttmwe dghet wd tasemief gemeption point

suf f{iCig 1hrr§é€é?ic PR 10 AN e Sro- %Qfostshg instant of
°ncl

pur pose, € zero-cross detection circuit

a 2O WAVESO IS EICA G sletestad gddercshsarardritude of the

Ref Haid T rinD ful fHUIS eht 1518 HoHcBERs TYRA %th:rentOUt BYrS this
trlu%er signals Sti to the m croconputer 226

whe PR Sfay SRSt RS? M%F%%@t‘?@r rh“ﬁeldldes a
| evederoHea czay @o@dg@&&t@ﬂnwdataortrmgtq@ﬁ £ oMmpadiad-ol. oss
si gnal Z%eg()the To uter %@6 when t he wavef

upwar dl y ‘passes SV er tt‘iLé:J zero 1 &8 PSR S8 °§r

226 cdietperts Pe & ragge rofs itgne 18e 15Q; drapsshes ingiratac diputaes 226
f f a .

o ot S PRl SRR oy, Bassel shied & By3gffternined

Pr efléar\f@& v, T%é&ﬁ%ﬂ@mmamogep@mm & jZe310-Cross

Lhr g #RN04Cl 088 tid Wit odsmdudey 2% Wl AR UHfdSSrm

t|lﬂ%5&§¥z¥95%gg§gs over the zero level. The microcomputer
226 determines each of the zero-cross signals Z_, as a
zero-cross time instant after the first trigger signal
S.; 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

The interval between each of the zero-cross time

instants theoretically corresponds to the cycle of the
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
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



Zc2 and Zc3. 30 The interval between each of the
zero-cross tinme instants theoretically corresponds to

wobhet/oywhbe of the ultrasonic waves. Ther ef or @CTURE04/005590
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ultrasoni c reception point can pe esti mated by
traci ng back fromthe fi st zer&ﬁ cross tinme instant
Zcl along the tinme axis by an 35 integral multiple of

t he wecleydife tde d4Hd A doniay efaven & ddrerafednel t ddonic
pro n tine can be estimated by subtracting the

paero&atl o
eni STOP N B3id an integral multiple of WO
2004/ 094960 REU IR AHHRHBELIche ViEAdodity mfclwel tofaddreic waves

| :
ho FR et BT A SRS RS S ad SARRY RSB
O MERESe Prash ayata it timough -a §tq;t |e§warrg/legasth% wlocity of
pr eaﬁm%&ylcewwm{rﬂaugrmr AR & rddiah V@l P Y20

of ultrasonjc waves, ure nitr en as at 20

hr ou
ool S A e S8 T o e 4 s ey ot
ul t nelsd somiay esaddy algfowsgpl q;xma/gmycms g&is Ax 20 celsius

g: ae@%fggge%jé 63t2nh/ ecmS e re or ﬁ gQLSLus

grees e el oc y o it rBasdhi ¢ Ves
t hr slegress, m&g@erelmq:rmeqf gels nesanire Watdss tlindhigh an

t he ;ﬁ?rp—fnl in]}(ﬂgr%ecfalﬁ.§%flecfé.d Sife YR of

show the re t|o etvveenthev ocit
ultr nehfesl dnBathe FHIUTEFerid W esraph wiiastinchethe

uppefe B d O tWddH ttSné)fvelJo%lté}ﬁ H s Sh el WRRidy and the
thro h an o en- mtrogﬂn m xture are Jndicated
QP%X )

Wrfim Xor étt}foé’é?ﬂﬂre ang RNRE i omits of
t%rnxhénuﬂﬂﬁadddianﬁeKdBlﬁy)ﬁhﬂdﬁgqrhd'BxygéHuﬁfﬁﬁﬁghn gas
if ot ro tion,dengt ected, t sat y .
f ol Irglvﬁtﬁugre?e AT i D Inl('qa&rﬁy o'né%%ntaéléiegmegﬁ)be &‘36 possible
sel eptaphgdt icin al inevsradee id tI4SQ0( T) receht/iQn, (Foi.nt

to Ifl'?éﬂe A £ g D geat%.o?f’al dS ﬂ' ETE rs@?g@ted to
1SrL :lcm (f{if qwévw%aq ﬁmﬁl%&&) ,ﬁni ommnrécw can be

25 Tsf@lélﬁ-_sed WAt ws WHE b 1 Ay ke J@f@;&ﬂ%ﬁ/%ﬁt to
of (g_q,QTCmax (T’L L8/Cmin (T) ) is the lower Timt
t he rﬁhﬁr RWEPIT RIRPAFIIEHY ttlé‘}ﬁaé?ad't‘me

is 5 (L,/Cpin(T) = L,/C (T)) < 1/f ...(8)

where:
f: frequency of the ultrasonic waves in the sample gas

The gas temperature T which gives the maximum value
of (L,/Cpax(T) - L,/Cin(T)) 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 KHz, the propagation length L, which
satisfies relation (8) 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
ts, the forward and backward propagation times t,, and t,,

is previously measured. With reference to Figure 6, the



Cel si us degrees, and the frequency of the ultrasonic
waves is 40 KHz, the propagation length L. which 30

woatdmoiidees rel ation (8) is cal cul ated as fol | @6%JP2004/065590
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12.3 cm...(9) According to the gnbodinent, L9=0.1 m
'S enployed as an exanpl e. i oPder to obtain the
ul trasoni ¢ propagation tine 35 t9, the forward and

baclwalrgg;&r PR 1 Db Ad NRshd il RN AyHe? thHeS HDHPLURMYes in

reference to Fi gure 6, t
DoOBUSHTAE HOR T AIDRALE Vet PasfmIQuer the
ar e wgeinpyet elcbvdien tire teionchsaBy eshd rtrlb;ljdr tdijynals are
for Kk d maveforns asse Qve
tri %n?eﬁa%‘% eqbédcﬁ n R ! i ggaesre srleglngilsvearteo the
generatefbras tarsl sehee diiifienprore plnagdhe edetaarass tthiane

5 wavefr tmene{kﬁxeddﬁéef andrgb&dﬂqaa@{ el %,ﬁ:

i nstants f.or war ackward waves, .
ZCBi~ ZeriZCHiS, Sibsigpdiadiivaledpadqlel the didfgirenscetaelin
td igrogdfRagst it0ihdd NEs ah&i @nNdoé bde bRt VEENESPRard and

formar and backwar d mav ZCFi: the Zero-Gross ti

i nstRAFY P YD Foraiar &PGFRPSE Ol me H@Stants Tof the
zer cEaanaasd twave fioxst arg s, : Oﬁ:het ke rbackeoasd tiaeefia®ants of
i=1, 2, 3. ve nunber However, the trigger

si gridls %:}Cik‘éﬁréi A erJa‘t]e'd 2t Hi ﬁWéP’@nP‘%‘%&ﬁé -of

t he wavefiy s, et wagh qu}‘&rvwg%al@% bagkwas £ dAVESnerated
even if the same trigger level is used. Referring

to Ry ereny Rf}?eser%%rtdwmsefq% Retwapdt the forward
si greald |1m<gemrcamedzeydmreaére ifhidie waanee Fi:azSJSﬁﬁer aBfel is

e 0 ah el A ] HdlV Y LA B dE vaves, ce
pass&ESngmersnmmlt risggEmdmatadd whear eﬂm e:,h:tﬂtb Wwanigggersses
S| gra}elzoﬁﬁé)rtﬁ{lf?a l%@e{ld MY & & efifarr tq'oatwa%es the

cycle earlier rigger signa e forwar'd
wavdsr iggen tﬁlegnéb]aslé aenerh efde mdede tihe tsesorgl srasteogmsses

tl My} S LY strltbejéaeelréme f ofear etk el Ragdkwaridy v &Signal

= 7,Bi - zZcFi,” " gives a negative val'ue. 1f the

sanrpﬁ%r e BASKTAHE SR 25 & [enaRRRAY afoPnes oy AegearLier
- ZGHiarTuste Rati RGOS Jirgatiore. theﬂmefaerce,wa\fesq =1In this

ZcBi_ - ZCFi Sl Ve ne atlv val ue, it appar.en

Lhatcai6e (PIGGHT SR g e BRI fH¥eants
between the forward and backward waves, A = Z_; - Z.y,
gives a negative value. If the sample gas flows through
the conduit 102, A = 2_,, - Z

cBi

must not become negative.

cFi

Therefore, if A = Z - 2. gives a negative value, it is

cBi
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
the forward and backward waves, A = Z_. - Z.;, exceeds

one cycle of the ultrasonic waves, which indicates that



IS generated earlier than the trigger signal for the
forward waves. 30 On the other hand, referring to

WORoguva9dd, for the forward waves, the triggercIiigoak/005590
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i s generated when the second_wqye_passes over the
trigger level and for the backward waves, the trigger
signal is generated when the third wave passes over

the the gyerggevesignal tfus cesefoBbthevalids eiengenérated

the zer0:&F 0S8adk 'ﬁ‘?e {%f@@ééd%f&mnfof hend Ayl xaélq,gaves .

backward waves exceeds one cy c
t he u|tra%%<mrcdme%o W STRoRI RO T [ehe ViBvention, the

2004‘5&9&19@9 ﬂ@/ﬂfwi&%:@%b thad tﬁé‘epltéﬂ)W1on time
C,ia %éor the forward S g{enerat ed rlier

than T YYere e&W&PnfG etﬁgr dwang ﬁ&& ard waves
AccoaDiays tfalhe veittoih mend cﬁ)fc]tehabﬂ entu ik addi®ic waves.
condj t [ e o that the propa on time . .
Soa s Pt g TEL AR S e e ERR O oy diReingu ish
al walyre feddes vihdwm oneF oywtes of dnvk mlﬁrcaso&dmvmm and to
Th t er .

SR E MO SR SOOI S BB 1 o i,

di st ] ngui sh wWn |n I gures
eacht btAcFesamfdet 6 é&lgétftllﬁ?e the pR&pad&t B&nshpwe in Figure

differanceit ch I h@g 5., eRcebdA=ERBI cgelte b% Regahil¥@asonic
t he case |§bas shown in Figure .7 and i f = Zoei - ZCFi

exceEUE DN Ty o’fs tHe MWhsHhi-IWR &b the case is
as shown Thud gtr.hee @nfliyerativn cohfegudweit orodfwhich has the

condyit, 10 t will be

descrlcé) %em 1 al'Is:lh kpeeOSS| }%agﬁ%etejfo the flow

vel ocity 'KN{ reeseiolf rarmae seihpile galow sveprasiarit 68 (y/sec) of
fol '%@arﬁﬁfél 4 t¥s ( &010&?& £ :
where: Q IovU\?Arat es of t e san'pszg 4 %’erﬁuil]lgéy (10)
20 r: inner radius oWSMﬁ@/d@@@@mn/t m. Aslmpscrlbed

abov the velocity of ultrasonic waves propagated in

the TOrward direction relative to the sanpl e gas flow
i s @=G\gw atrﬁdtetl’ceﬁvtsie)csamplcé g,dstra(slmrtitoer/(/mxre)s

PRI RAIREROBS Stay el o ve Lo 25

As descrlbed above, the velocity of ultrasonic waves
propagated in the forward direction relative to the
sample gas flow is C,=C+V, and the velocity of ultrasonic
waves propagated in the backward direction relative to
the sample gas flow is C,=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)
C,: 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 t, is calculated by
the following equation.



C. the velocity of ultrasonic waves propagating
through a stationary sanple gas (msec) Cl: the

wovmbgoi4bep of the ultrasoni c waves propagat ed iPCT/IR000lnesso0

10

15

20

25

30

35

forward direction relative tq the sanple gas flow
(msec) C2: the velocity of ultrasonic waves
propagated in the backward direction relative to the
sanpl e gas flow (msec) 35=VL tQeli/Ow velocity

(m sec) The propagation tine difference td, i
cal cul ated by the follow ng gd&éﬁ“ghs°0é§§834/obhbéo
EST/JPZOQHé9@559Q, 1f29hetﬂnne£9£§31h9/53 Ehe condult 102

% L9/ +¥1 g % Ther ef L t he i nne
e Rt b TERe kgl bbb Latanhel FRL { bhPoRFRRATStion time
rel atEperéndy, ti Hequmpmoaid e ithan St fdywriances tehe

becogg Egnﬁlleﬁf%ggn the cycle of the ultrasonic

waves. 0007t/r2) )- L.
/(C&CL(6DQ@OGX(6QDOGﬁJf2))— @;ZJ(Cﬂ@e(6&ﬂ00ﬁﬁmﬁn)&ﬂ/f ...(12)
|nequaI|t é IS maximz t he Ve|OCIt¥ of, t he
uItrasonF wafes tRFBugh %H@qEBHHEYt(ié)leﬁ Pexihzgdnyhen
(C;€hbnvélébhsyusfdegeee$if3§8n1cnﬁseéi thfbeghf ehe, conduit

f
thr e n B ol ToThan £ SRl TR Seqiktd FRETS 11 V) -
=10hékrefoee, nioy erdmphe,| eéAgtheofrefieesondoift the02

h 5
ConéQtésg%glE %Qv%geghggnéh gguggﬁd& to_@% §8€485 (kHz), the
enbbdprerfte R=205(Lixferémia) eenddths AAngkhnpfethe conduit

Next g2t he mﬁtheﬂ)f0£haﬁaéuélmanébersamﬁsnkr@hmqnoenqhe
fIOM/rate 0 descri bed

et aj |
be! BRRABGLRAP2 18] B-eals &HBdn | ACEPEOLBIGEOL Rae embodinent,
propagabi ofm)t iBesdibteeanae hd behwpea.the forward

and backyar ained_by_ A = Bi - _ZcFi .
ecatoe, BECqeLbe: BEtRoln505, TERGUR! Bagar SRAFRREEation and
di f fépencetedofsa sampﬂangaalwyléqbaldeecrhbed in detail
difBg&che A = ZcBi - ZcFi. In 25 case shown in Figure

e propagation tinme difference _
First, in case shown in Figure 6, the propagation

time difference t, between the forward and backward waves

is obtained by A = Z,; - Z4;, because, as described

cBi

above, the propagation time difference t, is

substantially equal to the difference A = Z - 2 In

cBi cFi *

case shown in Figure 7, the propagation time difference

ty is obtained by B = Z.,, - Z,:. Further, in case shown

in Figure 8, the propagation time difference t, is

. obtained by B = Z, - Z.4.,,. Preferably, a plurality of

cBi
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 is 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 2 of first zero-cross time instants of the

c_ave



td is obtained by B = ZcBi,| - ZcFi. Further, in case
shown in Figure 8, the propagation tine difference td

WO 304/00ei ned by B = ZcBi - ZcFi +l . Preferabl ypCEIP2004/005590
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plurality of the values A or_ are obt ai ned for
arithnetic average. 30 Next, t vel ocity of the
ul trasoni c waves through the sanple gas is estinated

W t Botrharasaddapbherwhiat whkefogABPhe gascusakBd by the
statlﬁga%é state. For this purpose, the phase
di f £Or&R¥E "IN EHa 4R put s of the trigger signals is

previ ously determ ned; on g(fgfe;mh@ggiﬁ/gf thesyalue of A

if 35 there is no phase difference, as shown in Figure

6, nean IRaFagezehownofinf Figureero- BL88sVALHE Pnst.affsfirst
of $RecVOrddd4+0R4968sPEht4P30040802880ard dhd baEwaLdq

and backwar d wavefgrns is calculated_b e follow ng

th
eqU¥RVEROTRE AFec? CZ&PiﬁchX)tPerOll%YéPglﬁq85§é°n'

shown in Figure 7, mean ualgle. gcayesof figst 5
zero-cross tine instant$ of ‘The“forward and backward
wavef or mgnj sagal ebpanednpyigkeef 8| BRRAgVaduUat Lor. ZE first

avezekolekds4CB2he/ Znstankddbs! Rheas8ralP¥Nahn BheWlard
8, nean val ue Zcave of first zero-cross . tine instants

of VR¥SEOrN&r dSafdlEaeRMEAIPYOtREY EPSLRY1ING eqMEtRa ed
by the follow ng equafi on. (g ZQZaV(;;cZ( . + Z cBl1

Y/2 ...(15) The nmean Val'le Z&av&'can be consi dered as
the firsfThezaeencrvedset Zpp,.i Ashaht whhehdesedbkai hbd first

“‘tQe&Bécréééuqgggoﬁngkaﬁhewﬂh%ﬁaie”bﬁtﬁ@péa tAtpughe
the stationary sanpl e gas. Zcave Is referred to a
r ef 866RBRtEON0OEr §86 LdtwASPRdcaWaves theopglséhe stationary

appkiag@tieOgasAs gdescriiBedeaboyeq theal eBgbheftet BBro-cross
condyit 102 is designed so that only one integer is
sel &¢fEd LBFIFERENGD F%@ BF?FS§6n?EpEéE§ﬁPPBn point to

fall in needpsssiibed 20Borvengehef 1ehgthr offagaki edndud® 102 is

{1 ndeg oRE . 8, Fhrgaohy vt PR AG CRRE P SALERCCF 8p-loving

zer Gher odsresepicnsegrptioavpoahsngot liellt inetari pospible

aay SIS B BUL GPLABRLLAS EXELe BLalle L A8BREEoce, che

t heuds¥gspendcr grgpagation time t, is estimated by tracing
back from the fist zero-cross time instant 2., 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 equation
(16).

C,= L,/t, ...(16)

The concentration of oxygen P is obtained by
equation (6) or (7) with the calculated C,.

The forward and backward propagation times t,, and
t,, through the sample gas flowing through the conduit
102 are estimated by following equations (17) and (18).

t,=t.-t,/2 ...(17)



The velocity of the ultrasonic waves Cs through the
stationary sanple gas is estinmated by foll ow ng

woequizdkmn (16). C8= L9/te ... (16 ) 30 The PCT/JP2004/005590
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concentration of oxygen PS is_obtained by equation

(6) or (7) with the cal cul ated . The forward and

backward propagation tinmes t8 and ts2 through the

sanpl e gas flow ng through_thg. ggnduj{g)102 are

estimated by follow ng eqtlators (17|)( Shd (18). 35

tsl=t 8-t dile forward and 26akuweADBE RCH/LIRE)(Y/ 608500 of the

- 2 = . f r )

el P ey e R T s Ty iy rough

t he AR GESE IGRnidke aftdmptred Ry deHdawinmegrasions (19)
est igmi qddyy. fol l owi ng equations (19) 5 and (20).

Cl=La/ts1l ... (19) C(C2=Lal/ts2 ... (20% Then, the fl ow
velocity V of the sanple §afksoughlddhe conduit 102

i s obtained by equations (3), ,(19) 10 (20).
Further, the flowrate Q é?'ItSﬁ stan‘gpg)gas is

cal cul at ethdiy, ftald GG ROWRLItEN ( 2k) -theQ%@Q&liﬂrH 24s through
(21)., Next,. wit eference to Figures 11 to 15, a

pr ef G &P Mt o PR 1R s GEYE erftdat i(G?) and
and (205 f | Gurtdtexr nedsurfdrentragepdy aifushe Idanfpde gas is
descy.] trasoni G .concentrati on and

fl ovccvra{rl%tqgl%:éég\#ryen%nelogjplpr{acfaetq]dsactfﬁ)q?n(glddes a conduit

27 which provides the geEdwionriV2..0f21he enbodi nent

of Figure 2. Housings 25 and 26, for enclosing first
and secoltf*u m%tﬁ'hs%rﬁecmﬂ%%ge‘rgé‘rﬂ? and t?l?lsr a

sec et drirddhentsudiineint tdfe wandilitradorhye wmtethtration and
d,26 jnclude

Por 148 1k el SRR oA e defieriERa pelow.

condui t ZXhe ailrmasaiela wradatr anicdon aund etl pomatens

2043:\@5&‘11#@1&” eéﬁ?aeeﬁéochim‘}gt{cﬂféﬂe? YDt 2 2’9“‘%1hich

condui t and t ousi ngs an 6 are preferably

medesTV ides sdife arnduilt d Odatad itdle spdtedignent 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 is 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 39 and 40 being clamped between the



alum num al l oy. The conduit 27 and the housings 25 and
26 are secured at one point to a substrate 30 or a

wohougioagroof 30 t he oxygen concentrati on appamrarug2doy/0es590
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screw 45. This configuration al#$m§ t he | ongi tudina
deformation of the conduit 27 freely from external
force which may be generated when the conduit 27 is

t hemmlsllylg@efw Rl 260\\RIS t&% Fers @3k arid ached 'Ith@ first

t he ho sin 35 2 ) ¢l ose t end eni n
of tat?e ﬁousn ]‘33; 4% %qn @ttaChed
and t40 tihe n@rxamrmmmmwmmmwmmm The first

PCT/RPQUANB50 2o 7 c holsisnRe2E 30 2 9 ddierace 40

cCovers rst ~ an traso
t r affSidu & 3 LT agen ix] wavesat t ached to the inner

sur f aces refr e ,C QRipe rad uakd s%some 3f7l ¥ld 3¥NGor detectlng
second ul trasonic transducers 20 an g enerate 40

Kr O G SETHEE AFES 2K AHTBE et b T O S aces of

37 amd IDviears @t egid 12g . theleg&iﬂsmelrdatslﬂo@rﬁf Qlltrasonlc
att%¥hed o the .inner ? rfa%fz‘ the cqovers 23 and
§] ni

UCE Y S8 CEMREFATIE T SEnssgs 37 and
and 331 aaed ddn@lie&m:t@r dther evisenmsompul e rar® 61 3 uaghe

ggug!nogﬁ Eictotr%e 30 n%%rﬁplétt% c%%% tt%r Qyah O%Q%Qn%%wa%es of

attach the outer surfaces

covél® TPVRTS 2’3@, a@éblzéb Tabdes 36 and Senie& gongrtors 32

and a3 MeUMRMtQE e b Sukiea3@ 30@.stance D bet ween
the end faces of the first and 15 second ultrasonic

transduc&’$FFMP PETHREN (RS L8 EAGSFe dndd St isd and
concuicton?l/ ulsk raassirgrd fﬂr(aarsthSgrzo rEid @l aGehera | y,
Qni ¢ vaves

the | d faor uItr
v R A e el edP 5 PR Ry desion
flemwsteas s lE@neral 15 ,giihe BRunthd i2(0 dulfiorasshiby Wwanees

progﬁ%a%ddl%ewaaes? A oh o hE el Qon 0 r}gx’nfécﬂc%rarl%cludes

on t her han In the far soun fie spre

t he edmadrd Sitfersaulld \idpdels TiRGr eher, 1n fFigeeerdds The

of the a¥iid WAl rafagiftd N need s amibudd &id near
t he uItrasonlc ene[%%*transn1tte in the conduit 25 27

is e md F&€edds sound
di sﬁamdi i nsptriwmaaar theurfdbrin elfd spheériikerefwaves .t haherefore,

if the ends of the conduit 27 are out of 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 Z, the distance
D of which from the end face of an ultrasonic transducer
along the center line of the transducer is defined by
following equation (22).

D=f-r?/C ...(22)
Where:
f: frequency of the ultrasonic waves in the sample gas
(Hz)
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15

Zo the distance D of which frog14t he end face of an
ultrasonic transducer along thé&“center line of the
transducer is defined by follow ng equation (22).

D=f -f 2/{aner f2P)us Pt Wies &ordduft eguency of the

2004 DRI BT PRI GO FE VI (HRSE k ad us

of the cd’chLdetsc(m@beid alsbhwe,) thheofvdlmeitit rGsdnmauglmvessample

e veI 0 .
sanp?eacg gas | sq{déc%)e% geb yaetelq(%}hat 1on (cj;ﬁé/rﬁ !h%ore lgher
hi ghere BIashet qfere natipes angd etrmwcsmaﬂel%rmh%rmqlkﬂacular welght,

ol el afi xghehe \F@Foéhtghet‘ Bdtons OCIA&:&MF@%

Accor di nbodi ment,” the condition wh
nax@rﬁ’%cég-"fd”r's ORI Qi ARG “E"‘}”?%‘-“éla?ﬁﬂ eZog&§ t§at, for
t he étampite ,35trﬁel§amz;s1edeﬁ§e_& g dihemt 5 ice BhO degrees

0. Figures 1 experinmental results of
uItragrgon %f 6|Sm? ﬁl aﬁs%‘ *obt ai ned by an
appar at uFiofrdg glLBr-e151]shmw Fexpes idiesttaic rabwlft .G mMm :
1.0 I‘fl]C %vefGEfoTl.l}t?s %%H Mé‘é)h{)teasﬂt u}fgtjg&?%npparatus

t hat e trasoni c energy recerve raso
trar%ﬁjlfclé‘ur]% ik wighithe gistancgivtaf vheh Mihe 1.0 mm and
di stlam:eml I sfhle %marﬁ@m@dleoké/gmg ha: fases Had hehe

di st ance .3 mm and 0. mm WO 2004/ 094960

PCT/4 %quy Z%GC%LV,QC}\/E?Y thenp i Rasibif transducer
appaursatwgrfmldmaswlmddmj wm-rrcecnter atisgurege d1igv 1.8 mm
rate, 98ss £9 ris : ndU|t or

fl ovvlongpﬁw lr?%?e gas sgeoa ?équ;q} ra%nocn?c of 0.3 mm and
t ranksm g@i.on-recepti on device nount ed to the inside

of the conduit;



a second ultrasonic transm ssion-reception device
mounted to the inside of the conduit to face the
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transm ssion-reception switch f swi tching the
operation node of the first and“Second ultrasonic
transm ssi on-recepti on devices between a transm ssion
node for transmtting ultrasogrLgImeves and a reception

node for receiVving,ultrasoni c waves: a _t enperatur

sensor, di‘spod¥t tr(a}?eomtcor?cﬁﬁaﬁa%f‘{ﬁ ]ﬁ%ra Lﬁqn%bmtr}% the

t enpeyratanty afiatheshnflev gaste fdfove repntgireo s t omprising:
conduit; the first ul i SSSI Qe T tion..

devi ce generating f%rév\(({arg uq&r&%%%ulmg@ezd rgi aéti(i;aes’ .
to the flow directi®rfigfst hel tsaRsine Qds affdi hieon-reception
devids, ice iMbdMteed HANStHS S @Ak aHd INIRNAL N9

backward wavef orm when the device is in the reception

node on the basis & RPN VEFWMLT SN T IRR/n-reception

geneteatinte mpudeed anpnrshall idisiidf the conduit to face the
25 devi ce: the .secon

tr anfsinlisstSiuqtrgrr et 'tc,1 gcnranﬁ,n}sls rb—rf'ed:gﬁt on cﬂev' 8

ul t rasoni c ANSH 551 O Céﬁf? SR ce ge er'at ng
backwar d ul t rasoni & weresssmirss igiri e depttimn fdwivech for
dirqg;iggh- tgﬁ} Q&ﬂ%} gﬂ§l¥$&31 | (K &
tr ansrrjl' SSIlgi;? node dn .%e%ner at1ng c%%?cvl\}aérj?/l’o;% vvaveC% (r)brém d
mhehlk?ﬁ?&ﬁﬂﬁQxﬁﬁ%ﬁﬁm%QQRQWTQRHﬁHQﬂPqnﬁﬁykﬂ?Qih?tWﬁﬁﬂ:ﬁ

of tiveadHeied d4ash UWdASIUY G MRS tdenRy al1edd¥b e waves and a
first ultrasonic. transm ssi on- receptl on d,eVI ce;, neans

for TRGFREHIHG'QGS d¥r L8 G DIt £ AR ¥ AP fand

backwar d wavef or s passnpprartr SsdqrRgdet efivpmkd eMmelthe
means_f or..generating forward and backward zerQq-cross

o1 o T R S b DAl 96 004/ Qnoryete gas
PCT/{JR20I0Yy 00B59®mh -t cavedreiftor ns pass over a zero

| evel ; propagation fdydre tClHlaéﬂa‘Hbr{ﬁa’Bianéﬁ%ﬁﬂll 0
the tenperature sensor, the trlgger signal generating

mearfe AR ke FRBHES IR TA G iYig- T SATbis waves
for fddlatcle WA Y £ RO SE td B IPRAIAUHO BB 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
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
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 forward and backward waveforms pass over a
predetermined level;

means for generating forward and backward
zero-cross signals when the forward and backward



range on the basis of the gas tenperature detected by
the tenperature sensor, (2) determ ning whether or
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respectively generated on the basis of the forward
and backward 10 waveforns, coinCrde with each other,
(3) processing the zero-cross signals so that the

phasesrefmme deasd tdveaach zardddrevdl it hey do not
coi ncide with each ot her obt ai nin

(_49 K r g{?‘er ence
zero-cross time i ndrSHEIR L EhedltS RIEIR it ei
t he darmead] tand-Headlempat atene Henmas,s tHeredigteaantsignal
(5)9cg}{ |4 4 raarﬁlo' eﬁ.foe ch% i by, :
subt rac%%glq‘g}n%natﬁe%ra ?u t i{) e -g'lff t %qci/]{:&}le goefnei%aetl?g
ul t MEFHH ¢ SRR sl sFalmtlatia g es mass igile wopagation time

subtyatdd &h fald LddityP dhamosplPlienyanadmtd eddd®d by the
range and 64¥eeest| mat i ng the ultrasoni ¢ propagati on

PP Grf BRI (4e ATTIEIHNG 1 §Io/Pr not the
poi has®s At whircds amvicec Ay ainisyRecaidimng 4,0 dsidotlively
wher gj e di stance.alo t conduj. t twe first
and geés%c%gn]c(f aﬂﬁshr }21 of nibE:aa stl:ég 1§ sérqnﬁ-‘shsel ork.l;}qurweacrgdgtalnéiﬁ ri)oaec\}iwcaersd
is M@ei&ﬁnm@,smqmidmlmfdn@mmuhem, t(%) processing the
S!Jbtzr&g—'&'bdsf@éifgr%if NP dhg pc‘?&;';maes WA with each
time range determ ned over possi bl'e worki ng

condtthesnst fofthate dn thats einincdsifartitis each other, (4)

ul t IO i AP RA Rl ieh AL G RG ds & idleM id hsiieiy t he

di stance .al ong the conduit between first and second

ul t ﬁfgﬂlé%%%%iva%-%@efpm% fpryiacsk and Rpokward zero-
sl ectrexb o o ismd iigfetdrts f ql9 )owibtg imalmf iam.uldrasdni@n n

(Tur.j - Lt . X (Tur.i . < 1/f . ere:.. f: .

fr eqflf'!e%r?)gytlﬁln f‘#eln% ags&%tcr@ v(\:/atz/lélsg ia/nn tlhn\gjesqarrf% & ulgtalsp le of
35 Giien(CHAl® of tthe [Wweraddniia wivasheilthags diiec results of

vel qgid Ysudt¥ 8ot H0Ugh itd'{g)elscé}fg’lp%dsgsg?)l )ﬂl{/l%a{g%"{ﬁ%n time

wor ki ng tenperature Turin ( Sl us ees

2004309 G0 PCR I B00NHVIsp-he Wiragapdcrmuppagition time
uppesn ltdHY thafid e WHe a8Has otalOddep il §0int .
t hr ough t.e sagﬁlﬁé%?s at, the Iomgft morkiqgﬁgg laim 1
t enper at re Tritth Y& QSRR YE 3TN ol &
apparhenesi raodey disgdrmrecladiongl the conduit between first and
second ultrasonic transmission-reception devices is
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 ultrasonic transmission-reception devices is
sleeted to satisfy the following relation.
(Lo/Crin(Tin) = Lo/Cpax(Tun)) < 1/f
where:
f: frequency of the ultrasonic waves in the sample
gas
Crin(Thin) ¢ the lower limit of the ultrasonic velocity
(m/sec) through the sample gas at the lowest working
temperature T_,, (Celsius degrees)



5 wherein the inner radius of the conduit is sel ected
so that the difference between the forward and
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of the wultrasonic waves under ?e_morking condi ti on
of the sanple gas. 10 5. An ul frasoni c apparatus
according to claiml1l wherein the inner radius of the

conduit i, g4al ggtednbouppati simithesrf ehbowiBgakehati QBlocity

(T U (SO 0o e e s ocking

f r echammrgr afuntenel,y t(Cadeniuc wWageseis) t he sanple gas

Cmi n( Tmi Dot .t | i ,
vel gc(:i {n y@’( m szgg)d l?l#ric{:)s’d;gfi%rEt e saartn%% eéJ gataé%ﬁ% 1i%v\?els%lm 1
wor KTHRF €00 tidiperheh e adius (CelHlaisauhridesh)s @ribected so

the uppertid s Arddte Rl Pand | YW E and backward
(litter/mn), 6. e$ ul trasonic apparatys according to

6
cl aiPRPAIHAU -1 oAl s mdRAfe e SHGEgIRE the
pot vt wrgbr?ic pervendimid mre Heo rid i peyqehic i asd ehe
con %ﬁﬁ?ﬂ tcgéhe ends of the straight portion; the
firstodnd second ul trasonic transm ssi on-reception
devi ces dre diXposkadrdsortite appeEmpendi adeordiord ittnsclaim 1
L actHdi% AIAR DT e MM A FhPUSARN e AW ddfected o
di stance between the first and secon ul'trasonic
t r arfAf i wrthe daptlorireviedes iamd the  respective

ends of the straig rti-on,of th 12
satisfying the foIp%&ﬁ%ﬁJFngt&Bﬁ(?ggeggﬁé%)QZ/C D
the distance (m -beteeeprt herd i I/t b yeepnd; VO
2004/ 094960 PCT/ JP2004/ 005590 - 28 ultrasonic

t r at¥R%7 on-reception devices and the respective
ends of tie stdpiatty RO i Jie fdReNGYavds te the sample

uItréggwnc waves in the sanple gas (Hz)
Crin(Thin) : the lower limit of the ultrasonic velocity
(m/sec) through the sample gas at the lowest working

temperature T (Celsius degrees)

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

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

the first and second ultrasonic
transmission-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<f-r?/C
D: the distance (m) between the first and second



5 r: inner radius of the conduit (m C. velocity of
the ultrasonic waves (msec) 7. A nethod of neasuring
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conduit, conprising the steps : 10 generating

forward ultrasonic waves relatfve to the flow

direction of the sanple gas; generating backward

ul t nﬂmﬁmm@e&aﬁﬁésﬁ&;ﬁ-&dd&pﬁﬂmdﬁ\?ﬂ&ﬁ Oihd)ftil'tehe

sa g%sﬂ [ t.he tenperature of the sanple
15“8’461% ovﬁvnég;eﬁr ouog ttrhee Sctorndltﬁrfa% pgoerntelroar}i ng trigger

si gnal s viverf nemuerney vafr ¢ hendh ldasamy i wearedorims tges ssample
overgs piegdet ermned |evel; generating forward and .
backward zero-cross 20 signals when the forward and

backwar d MaVetHine FHsts Rferthey cRH et )

cal cul atiqyg vemsisipler pHpagaidbdidBravéNgan Aed he
basi s of }he as tqﬁggngiure detected by the .

t enper at ur'e séhdbtt 59 Hi Y G At e of
phasssn@lte gds dhldwimd ithatough ggerorsdwitg! Ssomprising the

resgﬁ&;' . generated on the basis of the forward
and aciév/vgér%' wavef orms, coincide with each other;

processing the zer s gigfayyas! tHairagm icthevaves
Phases Loivei e thd e RAFMQINAL dd dhehdSMP1e gas;

coincide with each other; obtaining reference
zero-cross tine i EANERAHY T RIGNERGh G Hedf AHiudafes

t he Aalranginee agel tHERGKMAY dIZRI-IGOSE e d gt 1antdes ;35
obtai ning an ul trasoni c r.ece

tio oint b
subtracting an int égraHail% Pcﬁleencoefenaerf@téi%cq Shithggample
ul t rgesorl lowisne s hemudiatt teheargluiltt;s of t he

subtracti on WD Zoog%%%%ﬂ%%{%%% Wh%nﬁdthe

falls into the pos e pro at'i range; _
est ifRAYARS (9 Radkaoid yedfsada iRRFS i9Mer ¢n Rurdetermined

basiewf1t he ultrasonic reception point.

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

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

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
the phases coincide with each other if 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 instants;

obtaining an ultrasonic reception point by
subtracting an integral multiple of the cycle of the
ultrasonic waves so that the results of the subtraction



8. A nethod according to claim7 wherein the 5 forward
and backward ultrasonic waves are transmtted and
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reception devices which are disegsed in the conduit,
the distance along the conduit “Befween first and

second wultrasonic transm ssion-reception devices

bei ngaBEd epiesl difle Sgod a1 OBy tfﬂSrtﬂﬁlrﬁ)é tdege; and
subtraction falls |nto t he, 031 ﬁ ﬁ qg ﬂatlon ti N
range deternined ove? PRSI eF RSt KRS ES %l???ﬁﬁﬁ?ﬁlon ime
t he Qmttbsdhaﬁlﬁpwhranmsulﬁradbnmnrmmbepxxwmhp@um@

claim8 whereig fhe, 4is dé%‘?& ﬁQ@& N ROPAMdrein the

bet ween first ‘and secon u asoni c
tran%@ﬁvsaslr@namécféamkw@ewl‘@é%s¢@@|@v% e trangmitted and
the ff&é%@%y ef@ﬁé@nan& L@é&M(JiwasorLﬁé %ﬂgxﬁ&mlon-

) < 1/f where, ency he uItrasonlc wave

i n tHRERMPR d%‘blcg"a% V%‘h’r T"h*f‘i‘q) lsl?ch%eq‘ owrtihe rﬁ?méﬁlt the
t he dd &t aseni £1omed othd ycor(ddseq:)eﬁw@ugﬁfshe axwpé@cond

gas af the Iomest Wor %b rature, Turin

dogr Shes Sansd Tra 9 TS TP T (1 Vi (581AS Belected
uItr%@ohm@tVthlewe ﬁésqhuseﬁ)th¢wsugﬁra¢mﬂqmuﬁﬂkﬂ@asnto the

329%&253%%\%@ A%%]Q%l aci%}?gél ng t%e Tchal m&ll'vﬁe?i‘fenr %OSSible

i nne¥orkiey @oRA 1t Heng onfuiie | bl e e e P REVS he

di fference, befvweethddead @M@k anl dBLcineg dﬂhereln the
progggatlon ti is 30 sma|ler than the cycle of

ul t rasHrRRe Qs THAY oG PNt 1§ orP e ??ﬁpnd
sanpmrtgﬁsbnﬂd.tfhm&ﬁissh@nxxﬁébpwndm)déwdmeg idespddted to
t he ne t he condui 1 is selected to

sat |és §* %?’Ve é’\? OWI n"élr}%l a?nijotn 35

L/ ( Cmi n(Tm n) - Qmws(/mqomnza Do/ Crax(Tnin) ) < /£

- L/ (@24 T n) +Qmax/ (60000n/ r 2) )<1/f WD 2004/ 094960

PCT/ JP2004/ 005590 - 30 where: f: frequency of the
ul t rasoni £ vBXREUERCY Hef sl eltipsonic waves in the sample
gas

Chin(Tmin): the lower limit of the ultrasonic velocity
(m/sec) through the sample gas at the lowest working
temperature T,, (Celsius degrees)

Crax{Tnin) ¢ the upper limit of the ultrasonic velocity
(m/sec) through the sample gas at the lowest working
temperature T, (Celsius degrees)

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.

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

L/(Cmin(Tmin)—Qmax/(60000n/r2))
~L/(Cpin(Trin) +Onar/ (60000 /%) )<1/£
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limt of the sanple gasflowra5 (litter/mn) 12. An
oxygen concentration system for geﬁer ating 10 an
oxygen enriched gas, conprising an oxygen

conGggHdrdead i on apparatus for (generating an oxygen

enri ched ff;;.as b(%/ adsor bi,rr;1 nitrogen to renove fhe 1
ni trogen ¥t oM IIENY OhiP e H5ISRGE Yaard jd¢ garple

nmeasags ng the 15 concentration of the oxygen in the

oxygen leiQqedﬁga%P?aTgwgkoTﬁﬁ§£eogfthgeu9§¥gggnig velocity
enri ched dds, "t"he ultrasoni c” "apparatus conprising:. a
condUifsgdy thaeaigh Mghearspiplenigas tae theykpsre sthriatieihg

9as;afbrdddd Ml I r@eaniG o RaRsEesSI on-reception

devi ce nounted to the inside of the conduit; a second

ul t r asoniQait'r FHENUPREEN Lidddp Ofort hed SRR eneidHt dd owp rate

the (nsitter Afidhe conduit to face the first

uItrasom(atr sm_ssi on-rece tioq:device' 25:? £

transmi ssion- FEEERHT B SATTH Fott L FeHIHY 19 generating

operat iy geodeerofidhed fgast compsieciorgl  ul trasoni c

transmi ssi on- r eceptd,pr eyl e RENBEL fon ({ARMIAN Hbr
reception

mode for transmtting ultTasonic waves and . .
modeIENRT gt \AThPAN IS I iched agas 3oy aadsoipleind Uritrogen

Sensy , rhSROSALk ik dhsgerf WWBH tond Ofi Meagid i ng the
tenperature of the oxygen enrjched gas flow ng .
t hrough the condui taP tthiEF35R1QIFRRAGH kS for measuring the

t I anSof GHi et TR et i e demi e ganertad gy ot Waiiched gas
ultras n'lc wayes 35 rtl ative to the fl o(g di recgi on log .
t he %%(‘é/)genowenrr? Cheétf Jdi° RhSIPT IRPTASNTE 925 1 Pl itrasonic
t r areppasa tors momeprislingpener at i ng backward wavef or m

when the device is Jndhg M0 Q04 Q94960, %?%E%}owing the

PCT/ JP2004/ 005590 - 31 reception node 0O asl s
of 1Y I ANEFIAD riEni ¢ waves generated by the

second ul trasoni c t4 a5 SiHYrasonic transmission-reception
device 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-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 oxygen
enriched gas flowing through the conduit;

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 device; the second ultrasonic transm ssion 5
reception device generating backward ultrasoni c waves

wored4touswe to the flow direction of the oxygen pemriPzdoedossoo
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gas when the device is in the %[ansnission node and
generating forward wavef orm when the device is in the
reception node on the basis of the received ultrasonic

10 mtgmemmd@d oy tthfég Hasrist of ttlh@S?.fdic@lved ultrasonic
transni _ssi Qn- evi ce; or eratin

e G e ey e Pt St Ao r atemids ton-
wav efegreps igas slepver ;a predeternlned | evel ; 15 neans

for generating for rd%%q _

si gnal s when the f\g?lwar ?a%lai\(l:y%r %ogﬁ rcafnor msssﬁaos?s

overr eg£eparien dpalicey aepegatiing thaﬁém@éldc&lllétrla@@mrﬁ@ves
coumea_%ﬂl@et he HeRENJUIE reRISen JdfheHd 'og@%rens'éﬁqjched gas

nerati ng neans .and the zero-crass .signal
Gon A A eeacs g (1) et GRS Hasudtds @nd
pr oppg@iriading e rwaaityerade fidien bikins thfe tderig®s is in the
tenperat ur.e _detecte the .te rure 38nse
det grer%%r?l{lonmﬁe ee|r°q]o%)ﬁnotbatshls rggﬁagles et(:(a\ﬂ?r} Lil\(fiic})asonlc
firstaves wmerzat@dalby tﬁ@spfemtveﬂlytr@&ogﬁwemmMsmn-

the]}@? «.ward and backward wavef orns,
coi ncl £§VA{M eaéh ot her, (3) processing the
Zer o- Cross S|gnalsmﬁﬁﬂﬂuﬁpﬁIﬁ?%ﬁﬁ%ﬁ&?Qxﬁn¥99ﬁr\ﬂuqﬂals when

each heOtiehvarld tal?l%y HR KRRl € W fde it o sRadv et her,
(4) obtaining re erence zero-cross tinme instant by 30
ﬁ?g‘“%@fﬁ‘

cal AFeLS iof the forward and backward
zero- cross tine i metast $or( YeneMadiiMg§ cawatld ra3gdWatkward

rece tlon 0| nt g)élatslubtr ctlt@l%afn |nte tftaldtt?gﬁ‘ |_e, of

t he cy %t e Pason ¢ waves ¢S suldts
of vtalvefm F&sisopviedl las zieoo hervelpossu bl e

propagation tine 351336 &k (t(::l)mee%ta' '@ﬁtl'arig.otnh‘?neans,

ul trasonic propagat| on time on the basis
ul t CRYRHIEE e &t SeMRSIGRTULES SeRASAR 1t rtavgeomrelgger signal

appafetdiS tAGCO mdahG taddC ltdemzbd MR rdd@4/sA9HIB0 generating
PCT/JP2004/0055 32 . wherein thelg)stance al on

t he EGHRL (£ Botde S ¥IA g 2 possible Dropagativn 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, (5) obtaining an ultrasonic
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. An ultrasonic apparatus according to claim 12



second ul trasonic transm ssion-reception devices is
sel ected so that only one result of the subtraction

wofabd/®49dont 0 t he possi bl e propagati on time ramga/JP2004/005590
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determ ned over 5 possible mogkb?g conditions of the
ul trasoni c apparatus. 14. An uffrasoni c apparatus
according to claim 13 wherein the distance al ong the

condiidrdiat werRn diigtsnch 16iRf Atk WdndRsAiKetween first and
transmsséimI recept,ion devices i s sleetq%)tocfatls
SHBRLRCHR

t he T 9 StwitHd 5 B o rF £ AP (LS evices is
Lo/ @r@e(cmm)sq that fothemez rfesalmeepferme sfubitheaction falls

FL&Lr éﬁ?gﬁme U tra 0 om@%?fgﬁgg:geteéagied over

t hr cHRﬁ’FJt %mwetdtcgbﬁs stt thee qlo*«fv@s&onmraamgratus
tenperathB'HRHWdﬂ%ﬁé%dﬂid“§ﬂ§3¥atdan96589dvn§ td&laim 13

upper. limt qof the ultrasanic vel oc

£ hr UL S 18y st GOREY e et i et and
t enpycdnd ex Ik as driGe simsiﬁg;aeﬂq) r%bekﬁldﬁm%ev1ces is

ul tr o rat.ys. acgor ta cla 2 erein

the Teah<d M R S e e A A e to” Fha

the difference bdilwé€n,the.)f or iav d,.a0md,; bajc kwalr £

propagatd.on time is smaller than the cycle of the

ul trasoni ¢ waves under the working condition of the 25
oxygen erfri dregiupicy 6 the vlittmesomic ap@satiys the sample

accgk@ ng to claim12 wherein the inner radius of the

conduit is selected to satlsf% the follow ng rel ation
L/ (Cmi nCrmilAyetirake (18GBB0FAMIE2pE) they ultfasonic velocity

- L/ (@ secim unrsQaax /HHe) @3em )enrdibied Whiey ait fthe lowest
c e(i]’yerﬁ‘r% Ofte)tm%%rualhtturﬁaez\i\.ﬂ;fI(\Ha\iF lBPnFFﬁg%S%%Sgsom c

veIOC|tyC;&SIngﬁsecpethppeghlLMeto&ﬁgéheeultchsdngasvelocity

gégtrees)&ms) TSIt 0, BRI e rz%’o‘a(gc‘%]tslt”Tce iJuest

t he WRIgEMY itfAMPesta e @mwéﬁeéﬁ#p@héégg§95f>| ow
15. An ultrasonic apparatus 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
oxygen enriched gas.

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

L/ (Cpin(Tain) =Quax/ (60000m/r?) )
~L/(Cpin(Trin) +Quar/ (60000n/x%) )<1/£

where:

f: frequency of the ultrasonic waves in the sample
gas

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

the lower limit of the ultrasonic velocity

min):

working temperature T (Celsius degrees)

min



rate (litter/mn) 17. An ultrasonic apparatus
according to claim12 wherein the conduit includes a

wobe4i9gdsd poti on and 5 perpendi cul ar porti ons PCT/JP2004/005590
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per pendi cul arly connected to Lh? ends of the straight
portion; the first and second u ?rasonic
transm ssi on-recepti on devices are disposed in the

per pendi @jlar tper ippes lanfiaceft kdecddtygeh Mg iched gas flow
str 'égg f%%ggy ﬁf); and the distance between the

firs and secon Ultrasoni c transm ssi on-reception

devi ces and t e ukxqﬁanﬂina&pnkraﬁuslﬂyqnndﬂqynto claim 12
port f t M e Sat ' f

rel z;vtlr%{)‘:neQL 15&%<D<f-r 2/ ls&tlusc{é/ sgt%ﬁaclegq“n) 1{ehtg)v\r}eeannd
ti“aqugﬁnqﬂﬁy%gguﬂﬂ;taﬂqqEggﬁgqulcularly connected to the
tr ar&rw&mrtrreecs&mauajhtd@am&:rand t he r espective

ends of the stralgrg eﬁe{tlon freque of the

ul trasoni ¢ waves i nit d #p ( SO her
ramtxanﬁmidnianynhndpdﬂdn<aevmﬂe3nane(ﬁlsﬂused in the

I I .
gCEIr rdrrng c%l\/@l\/]]eagz rﬁ‘gf%elcavﬁwer e| #’% ettghgeflo qé%)g:reh?e{]lrjse&alght

to tRRrtgigyerfi@s concentrati on appar at us at one poi nt
to allow the conduighe (i JMEIBRIHM PR F {8 and second

| ongi tudinal direction of the straight portion freely
froﬁ%%&%ﬁQﬂﬂcfQﬁ%ﬁ?Wﬂﬁ%ﬂ?qnﬂPQﬁPtkﬁHNQQﬁ%ﬁf%w&%ﬁ the

concttaépé&it\}terémisl b:ﬁ;ﬂea‘r@ neka ikfh ng:xﬂtgﬁlbf the conduit
concentration s em f.or ner t|n an oxygen

enr i%H rkﬁéﬁ? eﬁﬁ) qﬁ%'&é&ﬁﬁﬁ$ Ttoncentrati on

appar at us for generatlng an<0x¢geﬁ/@nr|ched gas by

adsor bi ng, nitrogen., 1o I eqpv Sv? erhirt ‘?-:gef“lrfsrtor%rchp Segond

air; and an u rasoni c app ratu nmeasur i
CoNnGErHIaRGIGIE dfr ariean imeigam- 1a¢ aptea wox ydyori cas |amb¢®s

and fd Qyudahie Andd & OVHES &Y FREGRaSiod he

ul trasonic apparatus conpri sing: 2004/094960
PCT/ JP20d4 despiency ©f 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 ultrasonic apparatus according to claim 12
wherein the conduit is secured to the oxygen
concentration apparatus at one point to allow the conduit
to thermally expand in the longitudinal direction of the
straight portion freely from external force which may be
generated when the conduit is thermally deformed.

19. An oxygen concentration system for generating
an oxygen enriched gas, comprising:

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



a conduit for flowi ng an objective gas, the
concentration of which is to be neasured; a first

WwOouwea@seni ¢ transm ssion-reception device noEPCTSH2(008/005590
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the inside of the conduit; 5 a cgnd ul trasonic
transm ssi on-reception device unted to the inside
of the conduit to face the first ultrasonic

transm ssi on-receptd QoriRMItC Eort FE wAidlidn g dedeisred gas,
strai.ght potiqn and _ perpendi.cul ar rtions .

per%‘ di U A agcd‘r?ﬁ‘ecqfcrad%l&r}ﬁes tfgcg)een&"s‘?"’ldc‘furter‘fle'

straight portion; t#ufﬁﬁsﬁﬁukhnh&nnﬂgutnﬁﬁsm#asﬁqn-reception
L angi o8l GRRERPUIPT LAY AT URPAREHN L Ne
perpendi cul ar portions to face the ends of the _
straight portion; Garcrd hd tiafaice aNAEES sian-reception

firdewird sRARIED Wd MaRdNins ildea Y ForRE_PIHPFace the
devi ces and the respective ends of the,strg#gpt

por t5357F ot A SBHGui 1T 2RSSR T 9950 N ng e’

relation. O<D<f-r2/tBe 2dnsharnte:idelddes @i sitancieyHt)potion and
bet t g sSecon ul t r.asgni

Ur arehben e e s Mo e spmiagied to the
endensls tdfe e &tglai gidr tdagrt ifon if r equency of the

ul trasoni c waves inHAe 5aPpl 64 2RI (H2rdsod ner
m C f the

radi us of the conduit vel ocity of

ul t RO SEARTS HaReRtd)O He VAR s \Ageh diemasad am die

SY S HRIARGLEOICH I (b riGlcantld A aine thRld M¥erlthe straight
di aneter, of the straight 30 portion is snmaller than
t he RO &Rt er of first and second ul trasonic

transducers. 21. Arthxyienit o ddtwiidror sy it and second
accqr irn toc q__l aim lgssv\ho%reien tt{rel conduit is se LJEI&led

to the ' Sgef EOMEMI A S S Gfsad s ghe

al | cwsppathae8®rndmgift udienat mefgrtmatamniagf dftheehe conduit
st raight nid reel f rpal force which may

be ?e%e}rsaﬂt%gé{dv\hq{ehrgt el)béﬂolnnlr uirPteql)%tqf{w}gr mal | y def or ned.
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where:

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

20. An oxygen concentration system according to
claim 19 wherein the inner diameter of the straight
portion is smaller than the outer diameter of first and
second ultrasonic transducers.

21. An oxygen concentration system according to
claim 19 wherein the conduit is secured to the oxygen
concentration apparatus by means for allowing the
longitudinal deformation of the straight portion freely
from external force which may be generated when the
conduit is thermally deformed.



- 35 22. An oxygen concentration system according to
claim19 wherein the conduit is secured to the oxygen
wocomrerddoat i on appar atus at one point to all owdrm2004/005590
conduit to thermally expand in the |ongitudina
direction of the 5 straight porXdon freely from
external force which may be generated when the

conduit bs thgrmgl| yedet8hEBAtration system according to
claim 19 wherein the conduit is secured to the oxygen
concentration apparatus at one point to allow the conduit
to thermally expand in the longitudinal direction of the
5 straight portion freely from external force which may be
generated when the conduit is thermally deformed.



