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2 Laser Induced Fluorescence (LIF]) and Phosphorescence

e Laser-induced fluorescence (LIF) is the
optical emission from molecules that e e RO
have been excited to higher energy :
levels by absorption of
electromagnetic radiation.
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e Laser-induced fluorescence (LIF)
technique is widely used for thermal :
fluids studies for qualitative flow
visualization and quantitative flow : So B
variable measurements
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e Flow variables can be measured
based on LIF technique:

— Species concentration/mole
fraction (e.g., Na, OH, NO, 02,
CH, CO, acetone)

— Temperature

— Velocity

— Pressure




1 PLIF - Intensity at point Dx,y,)

H: (X1 Yo) = 1(Xg, Yo ) AD(T )&(T)C (X5, Vo)

H:(X%o,Yo) : measured fluorescence intensity

A: the fraction of the fluorescence light collected by camera.

D: quantum efficiency,

L: the length of the sampling volume along the path of excitation beam
& molar absorption coefficient

C(xo.Yo): the molar concentration of the fluorescent dye.
I(X,,Yo):  the intensity of excitation light beam at the point (X,,Y,)

Laser sheet I,

camera
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2 PLIF for Temperature Field Measurements

H ,(x,55) = 1(xg,50) AD(T) &(T) Clxy, y,)
AR B 020 0.0 A
. — €5 LA?/IS/ID N
I(x,, y,) can be predetermined through calibration . @ e
concentration C(x,, y,)1s kept as constant

(géLaser Induced Fluorescence (LIF)

for
= I (x,,y,) = O(T) &(T) [21 Gas Thermometry
:>Hf(x0ayo) « Hf(T)

= H (T canbe predetermined through a calibration experiment.

_ —éc
| (XO1 yO) T I0e Laser sheet I,

camera




Temperature Calibration Experiments
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Temperature Sensitive of 0D, Fluorescein and
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Dye Peak pH-Dependent Temperature Temperature
Abs/Em Absorption Dependent Dependent
Absorption Emission
Fluorescien 488/514 5-8 Yes 2.43% per °C,
Ex=514
—0.16% per °C
Ex=488
HPTS 455/520 6-9 Yes 1.21% per °C,
Ex =488
High Uncertainty
Lucifer Yellow 400/560 None over Not tested Not tested
pH range 3-10
Rhodamine B 560/585 Below 6 Yes —1.54% per "C,
Ex=514
Sulforhodamine 585/607 None over Minimal 0.22% per °C
pH range 3-10 Ex=514
Kiton Red 565/592 None over Yes —1.55% per °C,
pH range 3-10 Ex=514
Phloxine B 540/564 None over pH range Yes 0.53% per "C
4-9 Ex=514
LDS 698 435/687 Below 6 Yes —1.27% per °C
Ex =488
1-4 DHPN Acidic 366/453 69 Yes —1.1% per °C,

Basic 402/483

Excitation Black
light see Fig. 8
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Fig. 10. 1,4-DHPN’s relative absorption versus wavelength as
a function of temperature
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Phloxine B, Ex:514 Em:590,pH:10
Rhodamine B, Ex:514 Em:595 pH:10
Fluorescein, Ex:488 Em:530 pH:10
HPTS, Ex:488 Em:530,pH:11
Sulforhodamine, Ex:514 Em:630,pH10
Fluorescein, Ex:514, Em:530 pH:10
Kiton Red, Ex 514 Em 620 pH 10

LDS 698, Ex:488 Em:680,pH:11.25



QUANTIFICATION OF HERT TRANSFER AROUND A HEATED GYLINDER
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QuanTificaTiON OF HEAT TRANSFER AROUND A HEATED CYLINDER
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« Seuntiéns, H. J.; Kieft, R. N.; Rindt, C. C. M.; van Steenhoven, A. A., "2D temperature measurements in the wake of a
heated cylinder using LIF", Experiments in Fluids, Volume 31, Issue 5, pp. 588-595 (2001).




PLIF MEASUREMENTS OF TEMPERATURE DISTRIBUTIONS OF A FLAME
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2 PLIF-PIV cOMBINED SYSTEM FOR SIMULTANEOUS MEASUREMENTS OF

FLOW VELOCITY AND TEMPERATURE DISTRIBUTIONS
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1 Dual-Color LIF technigque

* LIF-based thermometry with two fl
H fl(X01 Yo) = 1i (X0, ¥Yo) A @, (T
H:, (X0, Yo)

H fl(XO’yO) .

1. (X5, Yo) A, ©,(T) &,(T) C,

i (X0, Yo) AL @, (T) &,(T) C,

uorescent dyes.
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Fig. 2. Emission and absorption spectra of a mixture of RhB and
Rhi10 (CRhR =2.0 mg17 l, Cm“ 1w=0.2 mg 1~ l)
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Sakakibara K. and Adrian R, Whole field measurement of temperature in water using two-color laser induced fluorescence,



1 Dual-Color LIF technique

H fl(XO’ Yo) =11 (X0, ¥0) AL @, (T) £,(T) C,

- |
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- Resuits of the Dual-color LIF technique
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Fig. 11. Temperature profile of the stable thermally stratified layer.
Laser light intensity is proportional to V*

»  Sakakibara K. and Adrian R, Whole field measurement of temperature in water using two-color laser induced fluorescence,

Exgeriments in Fluids 26‘1999}7—15.
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0 Dual-Golor LIF technique

Camera with lens

20

Beam dump
(266 nm)

SpraySyn flame

) ) Sheet-forming optics
Filter slide

blue/red

Beam dump

(532 nm) r\

Laser energy monitor

Pellin-Broca prism

Nd: YAG-Laser — 266 nm

1.8 4

1.6

Intensity ratio / -

-
(=]
1

o
@
PR |

06

Ratio calculated
Exponential fit

280

T T T

T L]
310 320 330 340 350
Temperature / K

360

Fluorescence intensity / 10° CPS

Fluorescence intensity / 10° CPS

= C in 152
: %Jmarln 12000
:.n ‘: 1m
' X
0 g
8
Q
1-1000
0 | SOt S ¥ T T St B Sy R -2000
450 500 550 600 650
"-ﬁ‘ ..-':\‘ | PR -\-’-’.:s‘!ll’-.'-- - v.'.

1503 SN 3000
| \\ RhodamineB %%
ol /A x

0 3

- \ Q

/ ' \ g, j -1000

0 4 1 X 1 1 | - _\'2m
50 575 600 625
Fluorescence wavelength / nm

Temperature / K

350

340

330

320

310

300

290

280

Height / mm

30t

2

no
o

—_—
o

'
o

5 25 0 25 5
Width / mm
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1 Dual-Color LIF technigque

e Advantage:

WA incoming laser

® RatiO'metriC methOd fluorescence 1 (567 nm)
o o . o+ fluorescence 2 (650 nm)
e Do not need to calibrate the uniformity of the
laser intensity distribution ]

e Disadvantage:
e Spectrum conflict between two fluorescent dyes - — \ oy
e Photobleaching rate differences of the two dyes 600nm  570nm
e Low temperature sensitivity e detvoe
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. Dual-Emission-Band LIF technique

e Single dye; Two emission band method
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Fig. 1. Evolution of the rhodamine B fluorescence spectrum as
a function of the temperature and distribution of the temperature
sensitivity coefficient ff as a function of the wavelength
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e Lavieille, P, Lemoine, F., Lavergne, G. et al. Evaporating and combusting droplet temperature measurements using two-color laser-

induced fluorescence. Experiments in Fluids 31, 45-55 (2001).




1 Dual-Emission-Band LIF technique
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e Lavieille, P, Lemoine, F., Lavergne, G. et al. Evaporating and combusting droplet temperature measurements using two-color laser-
induced fluorescence. Experiments in Fluids 31, 45-55 (2001).




- Dual-Emission-Band LIF technique

e Advantage: single dye
e Disadvantage: Single level is weak;
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Fig. 5. Experimental setup of SLIPI two-color LIF ratio thermometry including all optical
components. The dashed box (red) on the top right is an illustration of two-color LIF ratio

thermometry principle.
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Fig. 3. Non-normalized in (a) and normalized in (b) LIF emission spectra of the Fluorescein
dye at 447 nm excitation and for a temperature ranging between 21°C and 90°C: A change in
LIF emission intensity and spectral shift are apparent. The spectral range of two selected
optical filters (F1, F2), used for the LIF ratio (see section 3.2) is also indicated in (b).
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Fig. 13. Two-dimensional map of droplet temperature in a hollow-cone water spray at
reference temperature varying between 25°C to 55°C. The spray cools down in its hollow
region while the liquid located nearer to the nozzle orifice is hotter.

* Yogeshwar Nath Mishra, Fahed Abou Nada, Stephanie Polster, Elias Kristensson, and Edouard Berrocal, "Thermometry in aqueous solutions
and sprays using two-color LIF and structured illumination",Optics Express Vol. 24, Issue 5, pp. 4949-4963 (2016)
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