
IEEETRANSACTIONSONINSTRUMENTATIONANDMEASUREMENT，VOL．44，NO．3，JUNE1995 779

A ThemistorAnemometer br
Low－Flow－Rate Measurements

HiroyukiFtdita，ThdahikoOhhashi，MasahiroAsakura，MitsuhiroⅥmada，andKenzomtanabe，Fbll。W，IEEE

AbsLTut－AdigitaIanemometeruslngaSeIflheatedthermistor
asaprobehasbeendevelopedn）rlow－nOW・ratemeaSurementS．

TbenhanCe theprobesensitivitytom｝Wrate While reducing
COnVeCtion due to seJflheating to a minimum，the thermistor
is keptattheIowestpossibletemperaturefbrexhibitingthe
negative resistance・The heat removed fbm the thermistoris

analyzed and comparedwith the measured results，tO derive
thecharaCteriStiCfunctionwhichrelatesthevoItageacrossthe
thermistorto theAow rateand temperature．Thisfunctionis

transbrmed什omthe仙｝W－ratedomaintothetimedomainby
thedigitaIwavefbrmsynthesis・Thecarrierslgnalthusgenerated
ispulse・width－mOdulatedbytheoutputoftheprobetoprovide
thedigitaIrepresentationofthe鎖owrateundermeasurement．

Thecross－SenSitivity oftheprobetothenuidtemperatureis
COmPenSatedbyscalingthecarrierampIitude・Thisprocessof
quantizationincludinglinearizationandcompensationfunctions
makesahigh・aCCuraCy，鮎W・ratemeaSurementPOSSiblewitha
Simpleconfiguration．

A　　　　　　　　I．INTRODUCTIONIRFLOWmeasurementisverylmPOrtantfbrmonitoring
andcontrollinglivingandworkingenvironmentsin a

building・Forsuchpurposes，thehot－Wireanemometryisbest－

Suited becauseitcan be used to measure turbulentflowin

OpenSpaCell］・Theprincipleofmeasurementisbasedonthe

resistancechangeofahot－Wirewhenexposedtoaflow．TYle

resistanCeChangedependsnotonlyontheflowratebutalso

Onthe伽idtemperaturel2］・Tbreducethiscross－SenSitivity，

awireisusuallykeptatthehighestallowabletemperature

l3］・Thiscausesanotherproblem；theconvectionduetothe

hotwiredisturbsthe80WBeldtobemeasured．Thismakesit

difnculttomeasurethelowflowrateaccurately・
A straightfbrward way ofreducingthe disturbanceis to

lowertheoperatingtemperatureofahotwire．Basedonthis

idea，thebehaviorofahotwireunderthelowertemperature

OPerationisfirstinvestlgated・Forthehotwire，aminiature

thermistor self－heated at the constant temperatureis used

becauseitismuchcheaperandhasmuchhighersensitivity
than theⅥbllaston wirel4］．The thermistor anemometer

OPeratlngin the constant temperature mode poses two

difncultiestoitsslgnalprocesslng・Oneisthecompensation
fbrthefluidtemperaturel5］，andtheotherislinearizationof

highly nonlinearreSpOnSeS・These difncultiesare OVerCOme

byfinding out the characteristicfunction which describes

the voltage across the thermistoras afunction offlow rate
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Fig・1・Ablockdiagramoftheanemometer．
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⑤connectingcable
Fig・2・TheconfigurationofthesenslngprObe・

Vcc

Fig・3・Thecircuitdiagramofthethermalbridge・

and temperature・The configuration and the operation of
the anemometer based on the charaCteristicfunction will

bedescribedinthefbllowlngSeCtions・

II．CoNFIGURAmON

Fig・1showsablockdiagramoftheanemometer．Itconsists

Ofthethermistorprobeexposedtoacrossnow，thethermal

bridgetodetecttheflowrate，thetemperaturebridgetodetect

thenuidtemperature，theanalog－tO－digital（AノD）converterto

extracttheflowratefromtheoutputvoltageofthethermal
bridge，andtheliquidcrystaldisplay（LCD）toindicatethe

flowrateandtemperatureinthree－digitfbrm・

TYle COnfiguration oftheprobeis shownin Fig・2・Itis
COmPOSed oftwo matched miniature thermistors welded to

Stainlesssteelstaysl6］・Thethermistorsandstaysarearranged

SuChthattheymaynotintroduceanyslgnificantturbulence

intothe鮎Wfieldtobemeasured・Thethermistorsuspended
bylongleadwiresisconnectedtoonearmoftheWheatstone

bridgeinthethermalbridgeshowninFig・3andisself－heated
to343Kfor且ow－rate meaSurementS．Thisis muchlower

Withrespecttoaconventionalanemometerandisthelowest

POSSibletemperaturefbrthethermistortoexhibitthenegative

resistanCe・Theotherthermistordetectsthefluidtemperature・
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Fig・4・Thevoltageacrosstheself－heatedthemistorasafunctionofthe
nowratevwiththefluidtemperature7L asaparameter・

ThevoltageV（V，7L）acrosstheself－heatedthemistorwas

measuredasafunctionofflowratevandtemperature二㍍．TYle

resultsarePlottedinFig．4．Replottingdataasafunctionof了も

withvbeingaparameter，OnenOticesthatV（V，7L）decreases

linearlywiththefluidtemperature了もfbraglVenflowrate・

Therefbre，V（V，7L）Canbeexpressedas

V（U，孔）＝Ⅴ（U，れ）J（㌔）

＝（Ⅴ（0，℃）＋△Ⅴ（U，n））J（孔）

＝Ⅴ（0，㌢）（1＋ん（U，れ））J（‰）　（1）

whereV（0，71）and△V（V，71）denotetheoffsetandunba1－
anCeCOmpOnentS，reSpeCtively，atSOmereftrencetemperature

Tl，and h（V，T；）isthe charaCteristicfunction de血ed by
△V（V，71）／V（0，71）．Thetemperaturedependencef（7L）is
glVen by

J（孔）＝1－0・012（九一298）・ （2）

Thislinearfunctionfitsthemeasuredtemperaturedependence

quitewell；thecorrelationcoefficientbetweenthemislarger
than0．99996，andthe varianCeis smallerthan0．003in

themeasuredflow－raterange・AkemelofthecharaCteristic
functioncanbederivedasfbllows：Theheatdissipatedbythe

thermistorperunittimeisglVenby

◎＝C（U）（孔一㌔）

＝G（1＋たul／2）（九一㌔）　　（3）

whereC（V）＝C。（1＋kvl／2）isthethermalradiationcoef－
ficient attheflow rate v，7Listhe thermistor temperature，

andkisaconstantWhichdependsontheheatconductanCe，

thedensity，thespecificheatofthefluid，andthedimensions
ofthethermistor・Inthermalequilibrium，theheatlossofthe

thermistorisequaltotheheatlngPOWer，Viz・，

V2（U，孔）
月（7吊

＝C。（1＋れ1／2）（孔一㌔）　（4）

Tberma）Bridge V（t），Ta）

Fig・5・TYLeblockdiagramOftheAn）converter・

whereR（孔）isthethermistorresistanCekeptconstantbythe
themalbridge．Substituting（1）into（4）andnotingthat

V2（0，㌔）
月（孔）

J2（孔）＝C。（孔一㍍）　　（5）

We get

l＋坤苫）＝（1＋たul／2）1／2　　　（6）

misindicates that a kemel ofthe charaCteristicfunctionis
vl／2forkvl／2≪1，OrVl／4fbrkvl／2≫1．mefbrmeris
amenabletotheconvectionduetotheself－heatedthemistor．

TYluSthelatterisadoptedfbrfurtheranalysis・

Theapproximationuslngthekemelvl／4degradesinthe

low一now－ratereglOnbecauseoftheconvection andthe de－

viationfromvl／2・Tbcompensatefbrtheseerrors，afunction
whichis sensitive to smallvisintroduced：

榊＝eXp（莞崇）・　（7）
TheconstantSα，β，andTWeredeterminedsuchthatthecost

functionQr（α，β，7）definedby

中（α，β，7）＝
vanance J2

（correlationcoefBcient）2　p2
（8）

would be minimum．Fromthis evaluation，α＝0．32，β＝

0．824，andT＝0・096areObtained・SolidlinesinFig・4show

V（V，7L）CalculatedusingthecharaCteristicfunction

坤苫）＝Ul／4exp
0．824U＋0．096

り＋0．32 ）（9）

andf（7L）givenby（2）・Theyagree9uite．wellwiththe
measured voltages・The standard deviat10nlS Smaller than

O．008，andthecorrelationcoefficientisO．996．

Fig・5showstheblockdiagramOftheADconverter・The

ROMstoresapri0rithecharacteristicfunctionl＋h（V，71）in

tablefbrmwiththeflowrate一′beingtheaddress・Accessed

sequentiallybytheincrementaladdresscounter，itsendsthe

tabledatatothemultiplyingdigital－tO－analog（D／A）converter・

ThereftrencevoltageoftheD／Aconverteristheoutputvolt－

ageofthetemperaturebridge・ConsistlngOftheWheatstone
bridgewithoneamconnectedtothecoldthermistorinFig・2

fbllowedbythedifftrentialamplifier，thetemperaturebridge

producestheoutputvoltageV（孔）＝V（0，71）f（7L）whichis
consistentwiththetemperature－dependentoffsetcomponent

in（1）．TYLeD／Aconverterthusproducesthecarriersignalv（t）

glVen by

坤）＝Ⅴ（0，㌢）（1＋ん（8，㌢））J（n） （10）



FUJITAetaL・：THERMISTORANEMOMETERFORMEASUREMENTS

＋1．0

家＋0・5
噴

出　0

呂．，5

…
棚
。
“
1
・

。

（
s
h
芭
d
O
当
り

…
“
。
〃
・
5
1
・。

（
s
h
哲
也
○
昌

Fig・6・Errors between readings of the prototype　anemOmeter and
manometer．

WhereDisthetableaddress・Thecomparatorcomparesv（t）
WiththeoutputvoltageV（V，7L）ofthethermalbridgeand
latches the address D whenboththe slgnalscoincide・The
addressDisthenthedigitalrepresentationoftheflowrate
undermeasurement，WhichisdisplayedontheLCDviathe
Parallelinterface．

TheextractionofvfromV（V，7L）ispossiblealsowiththe
ratiometricADconversionandthetablelook－uP・Compared
tothepresentmethodbasedonthedirectdigitalwavefbrm
Synthesis andthe PWM，this alternativerequlreS high－COSt，
high－PreCision components and thelargertablebecause the
CharaCteristicfunctionis nonlinear．

III．PROTOTYPE ANEMOMETER

TheanemometerinFig・lwasbuiltuslngOff」the－Shelfcom－

POnentS，eXCePtlngtheprobe・Foreasyassembly，allthedigital

functionsrequiredfbrtheADconversionwereimplemented
by a fbur－bit，One－Chip microcomputer・It contains256×

fbur－bit RAM and4K x8－bit ROM．

Theresolution speci丘edintheflow－raterangefromOto

2m／sisO・01m／S・Thus，eightbitsareenoughfbrthetable

address・Tb meet the specihed resolution，the charaCteristic
functiontobe storedintotheROM shouldbetwobits丘ner

than the address becauseit approaches vl／4in the upper

bound・Forbetteraccuracy，ltWaSquantizedinto12－bitwords．

SinceonewordoccupleStWObytes，400bytesoftheROM
Wereallottedtothetable．Thetablecontentissenttothe12＿

bitmultiplyingD／Aconverterviathree4－bitports・Thetime

requiredtoscanthetableis150ms・Another50msisrequired

fbrtheone－Chipmicrocomputertoprocessanddisplaytheflow

rate・ThesamplingrateisthusfivesamPlespersecond（sps）．

TbevaluateitsperfbrmanCe，theprototypeanemometerwas
appliedtodow－ratemeaSurementSinawindtunnel．Theflow
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ratedisplayedontheLCDwascomparedwiththatmeasured

by acommercialmanometer・As plottedin Fig・6，relative

errorsbetweenthemarewithin1％fullscale（FS）．Errorsdue

tothefluidtemperaturearealsowithinthespecifiedresolution．

These results confim that the slgnal－PrOCeSSlng teChniques
basedonthecharaCteristicfunctionarevalidbrlow－flow－rate

measurements．

IV．CoNCLUSIONS

Adigitalanemometerwasdescribedwhichusedathermis－

toroperatlngintheconstanttemperaturemode．Itallowsnow－
rate measurements with a resolution of O．01m／S．Essential

tothishighresolutionis the derivation ofthe charaCteristic

functionwhichdescribestheconvection－dependentbehavior

Oftheself－heatedthermistor・Anotherkeytechnologywhich
enablesthelow－COStimplementationisthePWMbasedonthe

digitalwavefbrmsynthesis・ThehighperfbmanCerealizedby

thesetechniquesmakesthepresentanemometerattractivefbr

environmentmonitonngandairflOwcontroloffansandair

COnditioners．TbexploititsperfbrmanCeinwiderflow－rateand

temperaturerangeis afuturework．
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