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Thermographic phosphors

* Introduction/Background/Theory

« Thermometry methods
— Temporal approach
— Spectral approach
— Calibration
— 2D measurements

 Applications
— Fires
— Decomposing material
— IC engines
— Aero engines
— Droplets/Sprays
— Slmultaneous velocity/temperatures




Thermographic phosphors for
temperature measurements

Industrial and scientific
applications.
Powder(1-10um),
sensitivity from
cryogenic to 2000K.
Excitation: UV (light),
laser, e-beam.




Physical description

 Host inorganic material (ceramic) doped with
and an activator (rare earth metal)~1 %.

 Host material transparent, laser energy
absorbed by the activator.

 Through complex interactions Iin the
electronic configuration of the activator and
the host, temperature will influence the

spectral and temporal behaviour of the
emission




Thermometry Methods

e Lifetime method: Decay time.

o Spectral method: Ratio between
emission lines.




Lifetime method: Decay time
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Spectral method: Ratio between
emission lines.
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Calibration procedures

Test-Cell




Ratio 455 / 493 nm

Calibration procedures

2,0 T T T T T T T T T T T T S m— 1 S e I
C —0—Mg,F,GeO,:Mn, 631nm ]
e LIP T [ —e—La,0,S:Ey, 620nm |
N I Least-square fit 1000 & S 3
12 - Y 3 2
= C
i g i
08} 4 @ 3 3
3 3
1F E
04| i 3 3
| [ o
0'1 | 1 1 1 1 L 1 I 1 1 ] L 1 L 1 I
0,0 L L ! L L L L L L L L L 0 100 200 300 400 500 600 700

1200 400 600 800 1000 1200 1400 1600
Temperature (K)

Temperature (°C)

800




Calibration procedures
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Precision limits are <10 mK for
some phosphors and conditions
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2D measurements

. Spectral method

Objective
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Filter Slots
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2D measurements: Temporal method

2D temperature extraction
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Application 1:

Fire studies

~ Full scale model

~_Measurement technique
(surface temperature)

~—— Turbulence model

~— Pyrolysis model

~ Solid wall model




Experimental setup

*Excitation 266 or 355 nm
*Fuel: Alcohol and Heptane.
*Detection: Framing Camera.
Material: LDF and PMMA.




Results

Ignition

Two-dimensional measurement during Flamespread

Fig.(a): Time, 4 sec. Fig.(b): Time, 18 sec. Fig.(c): Time, 32 sec.

Fig.(d): Time, 48 sec.
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Application 2. Decomposing
material

1- Dichroic mirror
2- Filter

3- Beam splitter
4-5 Spherical lens
8-
T=

|l : Photomultiplier
l| | Nd:YAG, 266 nm
8- Oven + Balance

300 mm

Vertical view

Horizontal view
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Surface temperature of a
woodparticle during pyrolysis

L | L/ e mad n 202®
723 PR L T Lo g S
4 Fd
673§
2 ;
©
o :
= :
£623
= S
Fc’
573
0




Application 3: IC engines

Ste/reoscope

Optical
access

Cylinder




Results

Intake valves

100 s

Exhaust valves




Surface measurements in a “production” diesel engine
using thermographic phosphors and optical fibers
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Application 4: Aircraft engine

HP compressor _
/ LP turbine  Afterburner
Reinforced fan / Combustor// /

adia| Exhaust nozzle

/ flame hol
HP turbine  '@me holder




Experimental

Engine at full load Investigated Surface

*Use of YAG:Dy

*Excitation at 355 nm

*Emission at 458 and 493 nm




Experimental

Averaged Temperature Image
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Experimental arrangement

Nd:Yag laser
A=266 nm

Segment of flameholder
coated with phosphor material

Lens + Filter 65

Transimpel( k2
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Power Level (PL)

Results

Temperature data (lifetime decays) was recorded at the repetition rate of the
excitation laser (10 Hz).

Signals were sampled using a 1 GHz bandwidth oscilloscope (LaCroy).

140
600
120 o
100 E 400 |
8O : : : : 1 E o0 $4Gf T =B H ¥ i
' | B ] ¥ | ;
: ; : g . E .
; = &9 - i R £
20 - 1L - 00 10;:)0 2000 3000 4000 5000 6000 ?0-00 SOIOO QOIOO 10000
Sample #
o L
Time
Power Level (PL) versus time for test Temperature data measured for test

cycle B. cycle B.




Application 5: Droplet/spray




One-point measurements
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Droplets in acoustic levitation

Time after tha

droplet formation
LIF LIP

MNd;YAG laser
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Results: Droplets and Sprays
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Results: Realistic spray

|ISO-0ctane




Simultaneous

temperature/velocity: LIP + PIV

Nd:YAG ICCD + Stereoscope
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Laminar flow: Average of 50

Images




. Average of 50

Turbulent flow
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Further development and
application needed

UV and blue emitting phosphors
Short decay time
Nano phosphors

Phosphors for high temperature




Intensity / a.u

New phosphors: Blue, fast and
very temperature sensitive!

Zn0:Ga spectra at different temperatures
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Laser wavelength: 355 nm
Laser rep. rate: 10 Hz
Laser energy: ~18 mJ
Cameraz: ICCD 512*512 px + stereoscope
Exposure time: 10 ns

Filter: HP Edge 442nm / IF 390nm £10




Ratio/a.u.

10.200

Calibration/precision curves

Ratio calibration for Zno:Ga and Zno:Ga
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2D temperature measurements in
a burning droplet usin ZnO:Ga

Ternp=rature K
a) Photograph of drop b) Temp. in burning methanol drop - {339
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Inlansity fa u

BaMg,Al,,0,-:Eu (BAM)

BAM 2D calibrartion
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LIP on a moving target (7200 rpm)
using BAM

Exposure time~1us
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Summary of investigated
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Lifetime/s

Fire experiments:
TIP through scattering media

s Laser, 266 nm
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Fire results
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