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A survey on viscosity measurement technology of high-pressure fluid

MURAMOTO Tomoya

Abstract

Along with the sophistication and complication of the engineering process, prediction of fluid behavior under
extreme conditions, i.e., high pressure conditions, has become important in many industrial and science fields
dealing with fluid or fluid dynamics. There are three major industrial fields where viscosity under high pres-
sure conduct more attention: tribology, the petroleum industry, and hydrogen energy society. In this survey,
various measurement principles, characteristics of them, and issues raised under high pressure conditions are

discussed, and industrial needs of precise viscosity evaluation in such conditions are reported as well.
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Friction
Regimes

Tribological System
(example)

Topography R,,

Film thickness d =
Interfacial fluid, viscosity n

F./Fy —>

Stribeck curve

Friction coeff. f

I n f~ven/F,
A=1 A=3

Moving
body (1)

F: Friction
force

Stationary
body (2)

Fluid friction regime:

Friction regimes (sliding motion)

1 Solid friction, A <1

Friction coefficients f~ 0,05 .. .>1
Friction mechanisms: elastic hysteresis,
adhesion, microdeformation; interfacial
shearing (boundary friction); fatigue

Il Mixed friction, 1<A<3

Friction coefficients f~ 0,02 ... 0,1
Friction is a coexistence of | and lll

11l Fluid friction, A > 3

Friction coefficients f~ 0,001 ... 0,05
hydrodynamics, elastohydrodynamics (EHD),
rheology (fluid viscosity n) and pressure-
viscosity coefficient a

Fluid film-thickness to roughness ratic A ———»

2 ANTANY I H—T O (Czichos et al. ¥ £ 1)) HREEE 3HEICAHT 2 2 LA TE, Zheh, BifEig

FHIs (Solid friction), R&MHIEMHIK (Mixed friction), HAAEEM (Fluid friction), & &M Tw5.
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Light source and
Photo-detector unit

Detection signal Normal flow U-tube
master viscometer

To time-interval counter

via. pulse converter

Mount to

Optical fibres thermostat bath

Timing bulb

ﬂ" :.
Clamps with fibre ~— || |

sensor heads \

apillary( 400 mm )

LS :
&N Reservoir

@ **

B5 ~A%—HiEFOMIERE (Fujitaetal. L 0)

Plate spring
to hold on viscometer
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Torque

5

Torque

R8  [EkoBaR (FRE EET & LT 75
) & HAH BB DOE L7 Y 7 V0 BRI
ki A

Motor Motor speed indicator
r controller

Force transducer

Magnedrive j | — Moment arm
ot -
‘=-£ “ =0 [ Viscous
Thermowell EE“F e Damper
Heater T =7
3 {

L

i DA N

Y

Force readout

9 Khandarea ef al. |2 81} 2 FEER, Magnedrive (%
KEFM L - HEEE) o) 2 EmERS (HEE
fE~7.6MPa) CHE) L) LT TEEL TS,

AR R Vol.10, No.3

A OELE, MR EXHE L2050 MET
% E\V) OB MEXHES OB O—2THE. ZOF
ECE, R op cHiET 2 iR SE 5, FoRs
AR S S 572012, BN EEZTRDRITERS
v, HETEMARE WSS, AEEETKETS
& MR OB L o CIHEIRE T (74 5 —
) DAL T, WEEIMEGOBRRICSH 2 ki E s
525% 20X BBk L ASAI0E, SHIER
RENTVBHIENTIIMIEL ENBWizo, SiE,S
DFEHERS>TLED. ZOX) RO ET A HEHE
HTOMELHTL7-0120, AEENNSWEAFDD
ETHEZRITI LEDRH D, N5 L VT L— bEE AV
72D, AEOBURASTHIEL 2 ) 155720, Ml
INSVWEHDL & THEERT) LENH L. /2, BE
% NV ORIE & FOTHED S FHM 227 1) OEBRIINE
¥AE D5, MEEEEmERICET 2546, TAEZ
HWTENZENT 5 2 2 5% (M 9) 2%, 2084,
WARHEHI T APER LT LT ) WReEIEZ 6N b7
9, IELWEIEBEAE S N2 S EI L E R 512
LoTHESNS. Ak L7-HH L&D, ZoOFELHA
WAL, PR S B A WL EE5 T EEEL
Wz, MOWERE L AR TEERICIRERT 5 2 & 2%
Lwv., Bz UL, SERICIETEZBICE, &F
TIZBTBIE= 22— b I HEOFHIAT HE 2 R 22 i E T
FEEHNED.

3.3 %EiFE

HERARE RN, WAARITICEREF T ST, 20
WU SR & Sk A HEEF TH B (M10). JE
A b= 20X ESHTEY G 3), v

TN EBRRTH LD DI ELEPRE L, B
MR E AT RE T dp 27,

2 2 —
#:ﬂ%ﬂfw (3).

CIT, qlIEROBERE, p FEROERE, pXHAOERE,
GI\XEIIHEEE, o (THm A, £, ZBEE O E & L
TELOOWMERBETCHSL. A =27 A0KIFTY 3 —
TeHT)IN - AP =P Ao THEBENLZDLDOT
HY, FIA4T-A =2 ZAORDEH A =27 AP
DFEHR, A N—=27 2A0EHIZBT R0 OSSR
A, BOBBELEED—OTH L. HEHTRAH,S X
=2 ZADOREELBIIEZUT 0L 2IET 5.

1, HEIIEET, BETHH L
2, M LTSRS REwz e (LY

20214£ 6 H



WABDFFITNE N L)
KoREETAOET T N2 L (F
Y % LSS b 2 L)
HIVEHT 2 1EOATHLZ L

5 BEEMIEEMETHL L

6, BEPERERIZE TR >TWnLH I L

HERRE I AR E T 578, EBEOWEICH W 2 HEITH
RCTH D70, BEROKELER L 2ITILR S 2\,
ZD70, FERITEEOBREIK L CHIEINE WD
OWEFE L\, T/, WERES 2 H v -CEEH o f2 %8
RRIET 2% B L OEERSFIckEnwa k
PGEL TV D720, iR 2 lE S 2 0
I LT a, BEHBORMMERIE L 251220,
HI5E ’%?%EHF’EJ IR bl vz td B, HHE
BMEIIARME TH D, B B OBER CER A 54T
?747@%®§TELW,%%ﬁKHE%,A75~
WEFT IR TV D, BREFAOFTHET EET, %
DWIGHEZMBDATIVOT, EERITHEMIC

5.%@t@,ﬁﬁ%-#%?%@#ﬁ%f%%bWO
FEDH 57, FAEICBWT O EEL IR L22HH
WES A7 AORFEIIL L THTETBEYY, &
EOR oM L LI EHBEALTEATY S,
Fujita et al. ' TIZEEETEE & 72 5 ORI HEE O
HWEOEEENE T AT EHN (EVaTV) bTy

Fe

Fo

?

Fs

K10 %o AER, RicrrbEN (F,) LFHISHD»
%71 (Fy) LEREVifRMOBEE) (F) 25 A b—
7 Z0RIFHEH IR D

AIST Bulletin of Metrology Vol.10, No.3

372

XU TFHEELV-FTHE 2L ETIToTEBY,
Z AU IR DI % v A 2 R EE ICHLY ANz )
RTWEITH S, BiciE, ¥AVYELFT7TyEVkLE

MAELEAY, BT IF 7T 74— A E b
LY LLVEEBEOBRICTLIENTEL LDV

EDVFET S, 20—, xBTS RE2E27
&, HAMEEZFE TS EXRETHY, oo —
N ERHIICHW SN Z 23w, ENHEIFE LT
1%, GPa#* — % —CToOlllE d TTHE 7% FER % FLE HE
Ths (K11).

3.4 WEE
ML, —ERofAEZME IR L, MEhD

At i/\~’7’/ CRT AL IFNU T D, EWVWHEED
be, WMEREROLFETHD, N—F v KT AA
ZFEANE MHEN B RS AR (X 12) KA TEHAR
B L w2y b7 - N—4" 5 1839 4E 12
77 Y ATERMZ L TWwidyy - BT XA LH1840
12, FRENFILIFER LY (R @),
_ ma'AP
7 8Q1
ZIT, o THEOLE, APIZIEIZH W 2B D

—=

(4),

B2 2E, [PHIEORES, QB hosk
BRETHE. ZOHE, APADVEKABTHY, &
IKABIZE > TORMEKPHANDGEEEZ TV, E
Viscometer
Pressure vessel
11 Schaschke 125 1) 2 EBR, EEARO P TERZ
HTEETWA
June 2021



P P AR D Al P SR E IR 1 2 B3 & G AR 2

Hagen-Poiseuille Flow
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