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Three-Dimensional Temperature Measurement
by Liquid Crystal Thermometry and Its Application
to the Study of Turbulent Thermal Convection

Nobuyuki FUJISAWA and Ronald J. ADRIAN

A new calibration technique of liquid crystal thermometry has been introduced to the quantita-
tive measurement of temperature in a thermal fluid and applied to the study of turbulent thermal
convection. The present calibration technique improves the accuracy of temperature measurement
in comparison with the classical calibration technique with hue. Three-dimensional temperature
measurement of turbulent thermal convection over a horizontal smooth surface is carried out at a
flux Rayleigh number of 3 X 10° by scanning a light sheet normal to the image plane and capturing a
number of sequential visualized images. The spatial temperature distributions of thermal plumes
over a horizontal surface are demonstrated by the reconstruction of isothermal contour surfaces and
various cross-sectional views of the plumes. These results indicate the presence of a polygonal cell
structure close to the surface and the generation of plumes at the intersections of high-temperature

lines.
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Fig.3 Optical characteristics of liquid crystals
(a) Hue, (b) Saturation, (c) Intensity
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Fig.5 Calibration curve and uncertainty
(a) Hue, (b) Hue/Intensity

BETEBPHEIEICHY L a—-HE Y DR YIEWIRE
WHTREKFEERT I EADI S, LENST,
COBRMTORBEKFEE BV, BEREDOK
BERMESHDLZENTETH D,

RaZ Fr=enRF A~ LTba-HAVFrY
TAIEREHL, ThEeBETE OBRERUEZRT

H/I

Fig.6 Block diagram of temperature measurement

5. H3()OHOBRERER L A2 L BB TO
BEKEHESPVETT2MMERE UTHaRBEEK
FHABOATS Y, FEERETIIREBKELELSH
ZYEET S, CORRBTCORBEKELOB EIX,
RBHIRT O I IORBEKFHENEHRMTH AE
WZkicksd, LENST, HIREZHWS L, LY
KnWREEHCREFLBEKGEEABO N Z L AD
Md, i, /1L BETOBRICS WTIE, 2BRER
BEICHE Y BFEIMERMAE S h TH Y HREDEFTIE
RBE2h5,

R5(a), Mk, FhFh, HREB L UTH/IRZICH
ToREBEDTREEHEZRLUEERTCHS, 2hd
DRI, HRE (H3@)BLUH/IRERY)DE T
F—N-EHLEALOBREAREYHTEELER
BorEEHOKEZERT, R@»obI5LD
K WThOBRRS CHOHREDBRRICB W T,
BEKFEEN NS R EDIRY KERTT — N~
AELhTWS, LALARNS, MO)OH/IREREE
IC&2E, BENERT LIS - N—DATHHE
R 2 -RELERTH I, T35 —N—0EiEh
BRYRNEHhTHY, BEREOIPHEEELIEAT 5
LRSI THD, ZhicH-o T, BERBICHH
WHEL RSO B aRERB I AREICE > THA
THZEICLS,

X6i%, AR TRET 2 BBREROREE X AnE
BEFAMOTIO-Fv—FTHd, Thbb, BEH
SaiC & o THAIBAL & h 7= EiR ORGBH J7iXHST €228 fH]ic
F#tg, HETOERICBIEMEEY BT Lick-> T
HWI1oE#ER %55, = OERICK L, BEN)fOMIE L
H/1OBRBREmRZ 8L T HROBER T L ol
BERDHD, EEL, WIERICSWTH, HEROBS
& L FRRIC, BUE R O IR B IR 3 A HEA 1 8

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

822 RS % AV RS O 3 KotEH L ALFBS AT DI

R ZHEICESE Y 5=, Bk L ER O X i EEE
Lhbd, FOLER, YFal—-ay SHHLHEHHE
(& x1F45) £V ARE2VWHERIBRM, HhEWEEI
EREE UTHNT 5,

3-2 EIEBIMAICHTDIRTTREN >
AZREBREROHRAETES W EMNFTBERD
IR TCHER2SH & R FHEIC & o TRITU R E3KIT
AMEAAOY T N7 7(Fr77ay b) iC& Y SERE
EONAKR S YRR R CHBEL TSR
—fiTH D, 2. 3L6COEBERZRT., 4d,
RS L UTR2C2WE AL 2, 2L, BRI
BE % x=60mm, y=24mm, z=0mn& U=, A S bbH S
o ICmEEhEKEREREEICIE, XTIV
LEBEITREH, BHCL>TEASE EAABE)
5, 20L& LT IV— L, IBERHE I 5~6EE

100

(mm)

80

60

40

20

0 20 40 60 80 100 120

X

(mm)

Fig.7 Reconstructed isothermal surfaces of thermal
convection at T=31.6T

108
x (mm)

Fig.9 Cross-section of temperature distributions in x-z
plane (Unit in ¥)
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plane (Unit in ©)
(a) z=3mm, (b) z=10mm, (c) z=18mm
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