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A Survey on the Present Circumstances of Small Liquid Flowrate Measurement
and its Future Landscape

Kar-Hooi CHEONG

Abstract
A survey has been conducted on the current landscape of small liquid flow rate measurement with the objective of assessing
the calibration and traceability requirements. Among the various measurement principles available in practice, thermal principle
was found to be the most widely used method for small flow rate measurement which directly yields the mass flow rate of the
flow. It was revealed that small flow rate measurement is essential in three application areas, namely semiconductor
manufacturing, automotive industry and microfluidic systems. Microfluidic system, being a key technology in life science and
medical research nowadays, is seen to have huge market potential. Hence, accuracy and traceability of small flow rate
measurement involved in microfluidic systems are imperative to the progress of microscale industry and research. The report
proposes that the current calibration capabilities of NMIJ/AIST (National Metrology Institute of Japan, National Institute of

Advanced Industrial Science and Technology) to be upgraded in stages to eventually cover the microscale flowrate.
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Table 2 [HWN A —H—IZ L0 TR S 3T D30 NER AR a5 oo B 5 5]
T I AERE ] BE s B FAE)
A—=N—=TA4907 | s - ) 5mL/mnBAET | pspm o ok it 22 =,
O— A - (387%) =ER 3 50mL/min +3%RD RIERCEEROREEEHSE
u Flow Mzt 25nL/min  ~ 33y L/min [+2%FS &% s RIA R
F—L LIQUI-FLOW 2R 50 ~ 4000g/h +1%FS aVbA—LIR Tt
N e o j;’EAi ] T3 -thu
MassFlex ayAyst 15 ~ 225g/min |+02%+€0& %gig;ﬁégéﬁw EMEL S AR
CoriMate oAy 25 ~ 2700g/min |+04%t¥0O& |EEl-H/NE
AAZO0—t)L [sP—X mEiER 1~ 10mL/min |%5%FS FERER, NAF R, LERIE
a7avy RK145031)—X  |&E#E= 05 ~ 5ml/min  |*2%FS EREOREFIVY, FEHREBERE N1A@ET
SKA 4511.30/4 iR 1~ 20mL/min |NA LENBEMNEC BREADBEISET D
LFM10 B2HERX 0005 ~ 0.25L/min |+2.5%RD WB\OiFRERE, \vF FENEEICKE
.= e ) . AR —ZHVIECEF D HIFIDEH D KSR ERIE - il
:();7’{\7//7( DFC9000 A—E R 1 25L/min +2% WIcET 5. KER
oo ) EXERADREAE
HM 007/U A—EURK 1.2 20L/min +1.5% TS R LDKAEE IR - 2iE
*—IR FD-MIJ—X BRI 025 ~ 5L/min NA REEE KERE JRANEHE
5 = e St | ez s HREHERSE TERCEA 11— R EWEEIZE
BARFET BFAMNRES |FEAX 1 ~ 600L/h +7.5%UR L. BENT TS —as~
BHEEER  [OF—Z BiER 0.0085 ~ 5L/min +2%RS AVNRIK, KT - 82 - ESAEA R RoHSY G
_ e ) GRS, L2 WE ERES
R — “ — 71 XL ~ 0 T
hA4Ya—y=v% [y LF-100 B R 1mL/min NA +2%RD k37 LN R A
:E'I;'?DD__» MF-20 A—EUR 57 ~ 185mL/min |%£0.5% Mz, 70 GRIA/KUK), 4L, K
EmJO0—A—4 [USF200S BERL 300mL/minkL T +1%FS $BHRIOER, O—IRb, MEHE
J— . o . ) LT OEBLEHRENTE
e S — =5 ~
HBAE ADMAGV)—X | EH= 30mL/min NA NA b ROKERE AR
(GE)RD, RS:#HIY{E FS:ZJLRZ—JL NA: not available
Table 3 sk A — 7 —I2 k0 HilES AT B RUNEIRF RO LI
Manufacturer Model Sensing principle Flowrate Accuracy
SLG1430-025 50nL/min  ~ 1.54 L/min 10%
SLG1430-150 250nL/min  ~ 7.0y L/min 10%
Sensirion AG SLG1430-480/320 Thermal 1.0y L/min  ~ 40.0u L/min  |10%
ASL1600-10 400y L/min ~ 1mL/min 3%
ASL1600-20 200y L/min @~ 4mL/min 3%
Cole—P Nano—-flow sensor Th | NA ~ 8000nL/min NA
— erma
clerrarmer Precision low—flow meter 139nL/min _~ 139y L/min | +2%
Issys Inc NA Coriolis 8nL/min ~ 25y L/min NA
Upchurch Scientific Nano—flow sensor Thermal 1.5nL/min  ~ 8y L/min NA
. J —FLOW PN400 25nL/min  ~ 33.33u L/min |£2%
Bronkhorst High—-Tech Th |
ronkhorst High~1ec 1 —FLOW PN400 erma 83nL/min _~ 3333y L/min |+2%
Emerson Process Management Micro Motion LF series Coriolis 16.67y L/min  ~ 6.33mL/min +1%
Maxim Integrated Products Miniature flow sensor Thermal NA ~ 330y L/min +1%
OME 01 ~ 150L/min +1%RD
OMG 01 ~ 7500L/min +1%RD
OMH 0.1 ~ 3000L/min +1%RD
Kral Mechanical indl
e OMK echanical (spindle) 02 ~ 150L/min = 1%RD
OMX 01 ~ 7500L/min +1%RD
OMC 01 ~ 350L/min +1%RD
Swissflow SF800 Mechanical (turbine) 03 ~ 20L/min +1%
FMTD4 1 ~ 250mL/min +0.5%
DEA Mechanical tat
FMTD20 echanical (nutator) 5 ~ 1250mL/min | +£0.5%
B1O-Tech FCH-mini-G8 Mechanical (turbine) 15 ~ 1000mL/min |%*=2%
HoTee VZ5-005 Mechanical (oval gear) 0005 ~ 0.9L/min +2.5%
Max Machinery Model 213-59X Mechanical (radial piston) 1 ~ 1800mL/min |=*0.5%RD
Alicat Scientific L-01 Static pressure 001 ~ 1.0mL/min +1%FS
EGE SDN503 Thermal 01 ~ 200mL/min NA
(note) RD: reading FS: full scale NA: not available
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N%. FigInrmd Lo, fiim b > ¥mL/miniZB L T,
ENNAD A =T =B BICEE LRI AT v
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==Xk LT, MBS TEN A — B — PSR
NxLoTWD., ZOWERITIE, WU Z2 02
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5, Wl TIn<.
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4.1 HEEHF? P

AR, EATIMERE Bitkre 2 fdFr o - A E A~
EREESTETCWND., ZOXIRERIZIEX D7D
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b, EERPER B & D 4RI E R 2 E WD T B FE O
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DANTERE L TIRBEDO/RT A —2 21557012, RE
e e CMEEH O T — ¥ Z HEBICEH T 2 L ER H
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MrlcEE Rz S, ROMTF 2 —= 7 % i L Tz,
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2D, KR, KE, PR ARDRE, v %
TR Rk I o — O R A GRS, VTV EA L
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FEMAEZECUNR > TW A, BUhit i O ik Z2 K
MTEIE, SBRECUDH CRWRREEILTE T 5720,
e o — L LTH SN D ATEEER RE W E A6
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T DIZHUN R DA AW ILTWA. £z, BIFE, EAT
HIZBRIRFIR LY & SEEIR I 2 KR T DR A 5T S
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OHNGEEFZRICEHA LZbOTHSH. BAEMIZIE,
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WZEDIREE U —oE e B x4 <, AR
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EEREOIIILERIEGE, S>F Y b —&—ICHINT S
B & T 2 E R ZE I E ) =R T B %
Shi-.

F, TNETOBRKXOBEFRAIZRS T, fHx 0k
EICHAAT X2 A T DR 2 X NOFREFINRD LD K
IR TETWD. FlzIE, PEERT o AOREE
EHAIAEN D Z A 7 O i 1 5t
MBAFE SN TV D, FERELE O KFEk 72 6 ] S0 i &
SHLD, WMREH OGS, WET 2 — 7 RiFs AR
i, BEM B ZERAL, TR IhTWS. 7,
BE W OSE, —HoHEROEESE T O fICH#
JEFa—T7%EL, EBERFORFHOEEHEEN
ZIEWHFRET 252 LD, ko 774w
A TR BRoTnD., b oiEFE, Bt
mL/min 72> 58+ ml/hE CT1L~ 2R %D D XK 92 ih
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Ieilt, CEERICOERE oML i, Eidiil, K
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O OMEHZ, FIR TIXHEMETH D720, RIKHOE
SIS X ORI BT O BEERE LT\ 5.

4.3 EAFTEDRBIRATLY

HpEC AL G T, BAEEE PR AT L%
iz e~y ya RN EEENEZ, FEMARE L L
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T A, BEETOBHICRE SN 7 020 A
BT I 2 B R IESPES T DA > TV D, &
T ENDIT D T AFRED A — X2 RGEBP{ToI
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T OWIREN A — 2 1%, BV ER B A R B
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Table 6 Global market forecast for microfluidic technologies*”

—_— AAGR%
Application 2005 2006 2011 (2006-2011)
Ink—jet printing 2103.0 2220.4 3196.8 7.6
Diagnostic and point-of-care 380.0 488.3 1710.8 28.5
High throughpu.t_screenmg and 1478 178.8 463.0 210
compound profiling
Drug delivery / medical 115.0 144.9 460.2 26.0
Chemical analysis and synthesis 100.0 113.4 269.3 18.9
Proteomics 65.0 71.9 118.7 10.5
Defence and public safety 0.0 0.0 15.0 NA
Other 23.0 29.2 50.0 11.4
Total 2933.8 3246.9 6283.8 14.1
note: AAGR is the average annual growth rate
all figures in US$ millions
7,000
8,000
5,000
2
24,000
= 3000
-
2,000
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2005 2006 2011

Fig. 15 Forecast for total value of global market for microfluidic
technologies 2005-20114
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KEEHEDT=2 ) 7 %47 TR, IR O &
FERAWCREZERT L2 AT —b & D0, FHARE
WL THRmRED V9. 207z, uPIVoBGER T
HEE, MEEREPHCLRIGEAE LS D, — I,
KEBD A= —I3ME OFEEZHNT, T A
ZMERED TN 21T > TV 5. BIZIE, ~( 277
72—\ BANTEY 7 N 2T B LT, MBI
NICBET 232 EE LY, 78 v 2 A TTNALAD
HREEZMGEL T2 T A= —0b 5.

2T, HEEONELAFE LM 2T LiF5Z &
29 %%, Gambo &\ 9 BIEBHTIEE D b v T A —H —
DRAEN R R 0T, ZOA—T—1F, fEKFE AT
FUARFO2IEO X v VT L= g U EERBLTND.
FIFH, 156 ~300 ORECHE L BHE L OMTITE K
LTV DB OmEN G S, BEDOENEHAD
LEMBEOEEZERTD. v U7 b—3 g LB
BEDONANRAIANLY TV T 5809 HFTHD.
HEICL S THWO LD IEERI AR S, B A
OO RGN HIE, BB EORILE AW E
R L H D, TICNZ T, Bfrntibh s,
MFAEICFHE STV D, FHKEIE1 mL/min O &
THERTHILENDHY, OBy —~ L& Tl
WMEND., —IIE, BIEOBITL, BEL1~3%T
300 ~ 800 mL/min Dk L v A ME LTS, T il
KL T, ~8 T v (RIS IR 2 < & D Pt Mk sy)
OEEIE, BmLhowmEL Y, £10 % &\ 5 (KR
TIThND. ~XU UEGIZTEE Y R TR
WhHiL, ZOV ) VR TOREEIIA—T—DF ¥
V7 L—ya rORITESNTND.

NEL D & 5 — > OF A %413 Bronkhorst & V™ 9 it &
A—=H—=Th?b. ZOA—=T—1%, LM
I LT, v U T L—3 g AR
BRAE{ToTWD. bEblidA T Fod¥EroT, A
FORIERMIETA 7 o X OEFEELDO L —H YT
S —ETEHRL TS, 2O, WoeiiciE, BESS
FEN L >, BB, RREE, mEORESRMNRLE, HFx
RVERE T 7 7 Z — DIE WM o T\ 5.

6.2.6 EXIh>2RERE
BRENDMEBREEILT 7V r— 3 VICKET D
BN, KIEE1%~+10% DL DIlhbl->TW5, K
TWVREICBWT, @MWRBENFEI LTV, ES
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uL/min O A — & —Z70 5 &, FE» S IXAMICRKE L
5.

2 OT TV r—a T, MERERILEL S
RO ERNED Y, KT AT ARTF OO LI ZEE
DNEFZE Y IAEBI L TWDENE I mE WS TIEL LD
BT RRD NS, 2L, WERIT ¥ RALA%
WA, EPOFHEKERAELTND E I DE W0 ) b
DITOID. —RITIE, EESETIT LY REAEERY
LN, TNTHLARFCELRVEEOEEERICH E
D, SEVEAMNLEHEICEEY, BEEDCH D RN
SDOFIRE TRH TV,

6.2.7 RMEIL—HEUF -T2 RE

~A 7 afitiEy AT MIEET S EER T, Zhue
53 ~5FDM, WuhNiED ML —H% YT 4 —RNEL
MIRE SN E WS ERBRZ . BUE, UNREICE
W DM E R ONBIEREICH Y, JiE kL —F
v T 4 —OELIEN RN TH A D & D D&
RAMMOLX O THDH. Linl, kT AL 208 LE
W2 BRI 72X, TOMEERLTALD E-Bbh
5.

BECIE, BEXV LT 7Y r—va v OBRLN R
EMECHEMEICELNEE L ERAZT NS, £, T
NRAARY AT LADF v ) 7 L— g T 5 JIEA
FHCDWTERAN2E DI TS, FHIEA—D
—RELEAIRELE LV RFICHHLT, bIAFH
i, BEET S Ra—HF—ihbbtnoBZRLH L. H
1E, WNREOT 7V r—3 3 VIRERS VAT T 4y
PHIRIBELOOH DI L0 5T, RIEICH EIEOME
BWAMCENPNTWD Z EICEMERDH S, Rk y U7
L—a VBT N7 TAREETLIHEE, A—F
—la—F—LOMTEMLOIY HAHMEIZ /> T\
Wb, RIBEDSEEICRE Lk & ) aTRErEss K
ENERTWS, JEEML—YEY T =0T
WERICIE, ROERPRSD EEX DS,
® EDOHENEER/NT A —X TIER R OE
T ARHL. B, T4 T AT AREI
SEIZEBNTC, MELY b, RENICEE I e
RENEIIZRD.

Xy VT L—varo =T =0,
FEROFIHMENR RO SN D.
ATy My TE, MR TIEEHOKRE
& LW H A AN R 2R PERR D BRI 72 B
MEDFFEZDOHONHELTE 5, HAHWVIXIZIER
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ARETH D .
RO AXE RS D VITEIEREIZH Y, F
YU T L—varBDEEINDTA T A T LDE
Tz,
ZOEHIE, BEMNEREOT 7Y r—arnliil
WEBRA U FaX—F—ZHHRETHY, Hfinmkt
L OB BT A D ETEED LIERIR 0,
EFNFETIEIL—H YT 4 —ICEoTeBNTohd &
WORRTH .

7. NMUICHTIREZEEDHINERICOVT

7.1 WMNEEREFEEZEOLEMIC T B 1%E

S FET, K0B TRUNEEREDOFHNN ED X 51T
PRLTVBEDOD, MERERN L —YEY T 4 —NED X
IMESITENTWEDOH, SHHBEKE L —FE
V74 —IZBLTEDE I R=—ADRELDDN%E T
X/, ZIT, WHTENLDZ & ERAWITHRTT L
FL DR A BIFRIZ T 5 K5 7o BEHEEE i oD 7 ik
ICHE DT VW EEZ TN D,

BAE, BUNRIRTE RG2S R b3 M LTV 2 o3 -8k
TGS I BB S, EHETOBREHIES S AT AT
HDH., TNEDOSEIZEWT, mL/min D F— & — DM
INREFHIR R DERNE D Lo TS, Sk, b
TR OBEEE N2 T EREEShTW5b. filx
X, CERERIC oERER N m i, KRENLEZRHD
720, WRICBWTRIKRTHAFEEM BN Z L b,
T DO EAGE LR FH N E W b & REED R E 22k O T
EENTWD. Fio, HEOMEREFFMEE L km/h 2> 5 km/
LIZv 7 T2 8128 MEansd Lo, mag@lne
FDHITOMN, FERFFEDRED BB EEIND Z
ENBEREZHEOD Lok, EEICHUNKRENTER
FHBREICERT A ENEBMH TN AEELH
L. Fie, FREREISE UTHURENN A — X 2 ATk
EEITOELGEEREMG AT 20, FTETELL
TV ERTWS. LL, PL—%EU T o —IKilD
TH G123 5 NMIJ ik, mL/min O 4 — Z — O §i EA UE )
ML SN TRV ORBRTH S, 5%, ZOlE
HFH O IEFRAN O N 2T 5.

L5t%, PL—HE VT4 —%NELTHAHEEDO RN
WNRBEOX—T7 7V r—v a8 o-—o L LCRIE
BT ONLDE~A 7 aififhkv AT L THDL. ~A7
B S AT LD OR T, FCEE L —TE
VT 4 —MNEEROIX, BIEEEERICH D T RO
LETHIEER TH 5.
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WUNEAR R R OBV &Gk E Y

£, BIEA 7 V= y MyBCHE, WEX D Lk
T A XM N B OREENEEH SN TND0, FF
St v FIOME N ER LIZY, BM7RE AT ¢
AT U—OHIBNZIGHA L0 7, fiE kL —Y el
T4 —IZEIND T oA PR E L 72 B REMED 43I
H5D.

NP EWHERENLAEND S ) —D2D~A 7 i
KL AT LOT TV r— a 8L, ~A 7 akkE
MTHD., ZOTNAANELEYNHORRBEMIZH D
N, R TR VX— N BB DI, BEO R
HERHEARTARTHD. TOLDIT, HEFTET 1
Z2DF ¥ VT — g URMBELCR D, v A 7 akEHE
MO ENREH LD, WEN—V T 4 —D=
— AP MIRINTAET D E ATV D,

ML T B2 L THONDIEZ L OREREN SR,
BE~A 27 a )7 74 —FEiliNESFHICREL2OH
5. Bz, GSK=°Pfizer7e & D L 5 7o - H{HIELD K F
FUSE R — B —N~ A 71 YT 7 Z—Z T, AIEE0R
FBEDFIERE ZIT > TN\ D. &%, =477
A — AR T SR RE R O EIRIC AR DR T v v L IE
FICRE W, BERRICB T OME N L —T ) T o —
DOHEfRIE, FDA (Food and Drug Administration, 7 A U
AERERMELELR) SCEETME ORBEHF LD
DRBEREESNDZENEZLND.

Fik Uiz~ 7 aifiiks AT 20T 7V r— a3 U
BNTRE L S5 it & FPH L ul/min ~ nL/min T&H 5.
BE, ZOnB ORI, KESCEETIIIEFITE
AT TV DD, B ELMSCHT 0 JEREIC &
BAENN, HE M=) T —ONEENE K
WEWH DI R TH L. WIS, EEAe b L—
P U T o — IR O® AL, BN TR E OBEMEECR
oA NOEN SIZ X 5T, RO BB ENEE R
ROBNBHDEVIERIZHD. LinL, SMHI
OMESINER L, WAL OBEICBIT T, HEED
LR DT D202, FL—H U T 1 —Dff
SEFIT VDR Tl WNWZ L THhH D &0 N &
5.

ZOXOIIE, NMIJE LT, BElc=—XnZELiH~->T
V% mL/min @ A — & — O RUINE IR T R IE 3R i O HE i
EAR AN B (BRAGRE), =— AP HERICA
IAEN % ul/min O A — & — O i B & TP A B
O(EERE), LRz o b o siliiE
MW E 72T > T b nl/min O A — & — O i = HEAE G &
EHMEE GEREE) L LTABATWL DRy A
RfRClI7enmEEzZoNnNDd. o OHEZERT D
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7=ol, BRMicEo L T rva 7T o RBITT
TNV N ERITHEGTT 5.

7.2 BREINMIDORIK

N R B D AR R R 2 N2 T H BT, AMAR
SEMELE LT, 1O EOF B ER SRR o B0k &
WEL, ZZITRETDLHZLICTD.

% 77, BIPM (International Bureau of Weights and
Measures) @ KCDB (Key Comparison Database) 7>5 4%
[E @ it S B39 5 CMCs (Calibration and Measurement
Capabilities) Z AL, 415 Ok % Fig.1812/7 7.
BARMICIE, Fgl8IZRnd ok, 17 » D E 7RG EIEUE
BERAAS, BRx RIBER OENERMEO T T, #iH, a1
TWVH KRR EEETH S, BRAIZ, BIPM D
KCDB D ifi AR YET — Z 1T H D b O TIE R, i
SET L72AY, BRI E T2 S 7TV 2R WRGERR R & £F
STWHEBEEHEEKEGHS. LD ohe3< 357k
0, K EOR/ANERREEAEZ Fig.19 (k) & Fig20 (i
) WCIMEOFNUCER L. Fglonvrnd Lo, 8
HEKCDB b /hNE 7Ly oK EREELA IR 2D
IEEEOCMSTH Y, & OYit ffii130.00167 mg/s T 5.
LIAT, /KT EAEREICE LT, HAENMI A 347
Thd. —J, Fig20037R"9 K518, WO /NG &
YD CMCsIZB LT, A7 v ZONMi-VSLA k » 7'
HY, NMIR50I28H 2 DONEBARTH 5.

Zhnb, HFEOFEEE I VFEL BTN, T,
TIT OBEENSL R TN ZEICT 5.

- KRISS (Korea Research Institute of Standards and
Science, EE)
~ AT AR AT LT NA AT DR O A
T2 TWDN, WUNREERED H A BEM T b
EO BT 2 WAE b, BIE, KCDB I8k
ENLHBYOFEL L POBHEL > TNDEY,

- CMS/ITRI (Center for Measurement Standards/

Industrial Technology Research Institute, &%)

~A 7 RS AT M D ATERITIT T
WD o o PIV G B SO N i o o0 R R
T B A R AT K DWUNMERT O FHIEEE e &, BT
L7z A LT b, FEER IERRHIL0.1 ul/min ~
10 mL/min O EFIAZ 1.1 % &) REN S TH v U
T L= arT&DH. CMSIT RN B 2 5 8%/
WMED=— X% AL TW, 72720, BURTIEEH O
FIHERNE RN E NS,
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T, NELOBE® 2SN T, 33— v 8
BT S, < 03— v RONMIL, KEREE
PO OB AT, MUNE B EOBAEN) = — X & 58#%
LTV D. £ ONMITREEIZ~ A 7 vtk A7
LAZET 2 WM O EIRENCEF L, TOWEDIR
& ENBERAN R TFIED D WDIFEER FICE S b0 T
b 5. F 7z, BLLERKIN # E 2 European Metrology
Research Programme &\ 9 [ 7 vy =7 M&rH |k
O, FRic~A 7 aiiiky AT AOISASE THD [~
AT LS T —<ITB L T% < ONMI B & &
LTS,

« NEL (National Engineering Laboratory, Z[E)
B, v A 7 aiiky AT A EHCB L CIER IS
B AER L CW5b. Flow Programme & W) 7' Y= 7
FO—BRELT, UNER ML=V T —D=—X
(BT 2R R E L BFEIE - TIT-TE 2. 4
%, WUNREREEOREM AT bHT T ETHD.

- DTI (Danish Technological Institute, =>~—7%),
UME (Ulusal Metroloji Enstitusu, kJL3)
~A 7 R AT MCET BN RET ) v T %
FEIRIZAT > TV 5.

- SP (Technical Research Institute of Sweden, X
T—T)

R~ A 7 v iRy AT L0 R EZED TN D Z
EREL<mBERTWD.

- EIM (Hellenic Institute of Metrology, ¥ U > 7)
MEMS &z o W — % F 72 [P S AR SE 1 AN EL D 3 9
SR BT B3 2 iR IE 2 BEIC#& 2 7.

- CETIAT (Centre Technique des Industries

Aerauliques et Thermiques, 77> X)

2004 4F, WUNEIKIRED =— X240 R+ 572012, 1
H(ERBITHEEIT-72. 1 UhBLFojimstilo =—
AN D & DOfEIm AT, FEEIEC X DRI & OKIE
AR OREZENHED LTV 5. EESE, (Lo, B
FHEEO=— XS A D720, ZOf#FIE1 mLh
(16.67 pL/min) ~ 10 L/h DL o VIZRSTEDL LD
IZREF S .

- PTB (Physikalisch-Technisches Bundesanstalt, K’
1)
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Faveh— 4

100 nL/min ~ 1 mL/min OFE & IE R i O Z 1T -
TW5. 2007 DFERIZER TE. 20084FH D05 T A
FNEITORIETH S,

- NMi-VSL (Nederlands Meetinstituut, # 7 > %)
1 Lh OB/ NERTER IEZRE 2> TWb . U
R B IERMEN LV EAL TS,

L 2 AT, KEODNIST (National Institute of Standards
and Technology) (X{EENI72~ A 7 Biftiky 2T LOWF
WIN—TakioTEBY, ~4 70T ¥ RVOMIEE I
WITIEFEITAT o TWA D, MR RIS E Y
FERODRNEVNIDONT AV BOBURTH 5.

O XS, FEONMIE~Y A 7 aififky 27 A
B 2N EH N OBIERN 72 = — X2V TR I
ETHY, MEPOITEIZEZ LN 6, REDOHE%
BRLTWDLEZATHD.

7.3 NMUIZH T 2 FRRIESE RO H RN

Lth, FHLOBUNRIR TR ER Ef O 7t 2 ko 5
W72 5T, WREIZET 5 IR T U2 DB H A 1 E%F
SOFEMELTEZLN, ZTRENICHTHAF Y U T L
—a VBN E AR A DRI A RS T DI, ok
D IR BRI ZREREN D D DD ERRR L, RO D SEN
Hb.

e EEjiE (FHiE)
o [(AiiE (EHiE)
o KRR (BRI
o JEEEmE (Llhk)

FREDOWHSDPRE T A — 2 P F IR O % IRIC
AT, —o A& ZORD=— XNIEFEICHIHERD
T, BT 52 L1075, =2 HORKRKR (EKR)
LT, A7y MNEERDNTA T A R
P TIRIEFICEERH SN TS, A7V =y BT
i, EEEEENTGRE A X Peed HEBEARERIT/AR 5.
—Ji, TATHA T AOREKT, WiRmEL Y LS
L7 AN O RRENREDOHR~DOEEZEX D ETE
HTHD.

EIAT, FlkR 7T DA =T —I2E >, WMTIZHR
BOZEMINTE BN EEOFREIZ RS DT,
WoHOEEREICH L TC—FHLRHLTHAD. F
7o, ~A a7 7 X —FIFEEAL TWHRIERX —%
—IZ & oT, LFOEREEIENIEFIZITOA TN DN E
IMEER LY, HEEORERREAZHE LY 351
I, BRREE A AR 22 D
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mass flowrate (kg/s)
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NMIJ (JAPAN),
DTI (DENMARK)

METAS (SWITZERLAND)
LNE (FRANCE)

PTB (GERMANY)

NEL (UNITED KINGDOM)
SP (SWEDEN

CMI (CZECH REPUBLIC
JV (NORWAY

VMT/LEI (LITHUANIA]

INRIM (ITALY)
KRISS (REP. OF KOREA.

CMS (CHINESE TAIPEI)
NMi-VSL (NETHERLANDS)
SMU (SLOVAKIA)
CENAM (MEXICO

NIST (UNITED STATES|

Fig. 19 Comparison of national standards for smallest mass water
flow rate

DEoznZn0=—X%E 2T, ZhirbHR
DN IR E OB EFE I LR OS> OiiE T A
— X ORIERE ) & 2 T < L3RI, Al L7z L 9 12
DK IEA— % — % mL/min 7> 5 pL/min ~, % L Tul/
min 2> 6 nl/min~&, FIFTW H#HE LV EE X
TWa5.

7.3.1 FfiTH & iEE

A ClRARIZ W OO RT A —F e —DDRHET A
VTHIETESXF YV T b—a Vv AT AEREET 5
ZERRKBETH DD, MEIBEICED BTS2 E
DA HEM N — RAREND T, BEEMIC—D2F >
OIEREN 22 T & W) FHER LT v Tk
X2 ONHENRFETHD LHBLTWD.

BEAF O B/INR IR T B E ik i (/i &5 L/h) 13k
ML, FPEE - @EED P 2mALTWD. B
FAREHERR & L Ca ) A sk BT ER 2 2, R
BIAVORELTFENLE=FY T TETNDHDT,
BEREILLAA, RELENOFHRMEICESNTHE
a5 LIk, REREOKIEL TES. 2O
DEEAF ORIERB i O Wit U HIH 2 S 51/ S < LLE
SR, MAOEBRE L REREOX Y ) 7L —
3 VEEMRICARETH D E ATV D.

=N, ATy PRBEE TR L S5
DOF v VT L—rarE 2T OI00E, BEFORIERME &
ALV BT NOFRMEORMEN LI D LEZ
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Fig. 20 Comparison of national standards for smallest mass liquid
hydrocarbon flow rate

TWo., A7 Txy MRBIETIE, 127 V= vy b
o RV U URCFIC LT, ITEROWKKE —RE 2
EIZEDVHT (Wb b T 4 VX~ A 7 aiiik) v
IRy FHFAOFTEREZIT->TEBY, LrbBvEd
MEBHETHD. > T, MEICKHLTAHDHTHDFE
BikE, NoFHFRCL 0 EREE TR H
L, P& - EIREY @ L noMlabdbEoar v
RIS LWO TR EE X TS, FrEk - Fik
BIC L > TRERBRZITOHAIL, B fEY v
L OB OEE 2Bk TRl S, ZRBOETREL B
LI O REM, 2B AR D, RIZ, FTEDIE
THE L, IEORERVAALE, Wiz LD, ZH
O RMELB XL CEN Y OFTREM, 23t 205, 1,
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