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Recent Motivations

ABC News

Grenfell Tower

Evening Standard

California wildfires
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Flame Spread & Surface Temperature

Fernandez-Pello, Combust. Sci. Technol. 39:119-134, 1984
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Fernandez-Pello, Combust. Sci. Technol. 39:119-134, 1984

Flame Radiation
+

Burnt Gases Convection
Solid fuel Pyrolysis

+
Char-Combustion

Flame spread rate 
~ 

Time for the surface temperature to vaporize
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Thermographic Phosphor 
& Surface Temperature
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Phosphors are everywhere

Valeur et al., J. Chem. Edu., 2011
Zhang et al., Cancer Research, 2010

Fluorescent lamps

In-vivo imaging 

phosphorescent animals

Laser gain media (Nd:YAG, Nd:YLF)

Glow bracelets
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Phosphors are everywhere

Valeur et al., J. Chem. Edu., 2011
Zhang et al., Cancer Research, 2010

Fluorescent lamps

In-vivo imaging 

phosphorescent animals

Laser gain media (Nd:YAG, Nd:YLF)

Glow bracelets

Phosphor particles = light converters
~ 

Photoluminescence process
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Thermographic Phosphors (TP),  what?  

Phosphor powder
high-melting point
non-reacting

Brübach et al., Prog. Ener. Combust. Sci. 39:37-60, 2013
Feist et al., Proc. Inst. Mech. Engrs. 217: A04102, 2003

Mg4FGeO6:Mn
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Chemical bonding
Binder + Phosphor + Air-brush

~ 10-200 µm, ~ 1W/m2/K

Insulation !
(Sol-Gel method, Physical vapor deposition, 
Chemical vapor deposition)
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Thermographic Phosphors (TP),  what?  

Phosphor powder
high-melting point
non-reacting

Chemical bonding
Binder + Phosphor + Air-brush

~ 10-200 µm, ~ 1W/m2/K

Insulation !
(Sol-Gel method, Physical vapor deposition, 
Chemical vapor deposition)

How do we extract 
temperature ?

Brübach et al., Prog. Ener. Combust. Sci. 39:37-60, 2013
Feist et al., Proc. Inst. Mech. Engrs. 217: A04102, 2003

Mg4FGeO6:Mn
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Some Theory …

Allison et al., Rev. Sci. Instrum. 68(7), 1997
Khalid et al., Sensors 8:5673-5744, 2008
Chepyga et al., J. Luminescence188:582-588, 2017
Guiberti et al., CFTL, 2014

Inorganic crystals

YAG:Dy3+

Rare earth ions
Metal transition ions



 7

Some Theory …

Allison et al., Rev. Sci. Instrum. 68(7), 1997
Khalid et al., Sensors 8:5673-5744, 2008
Chepyga et al., J. Luminescence188:582-588, 2017
Guiberti et al., CFTL, 2014

Inorganic crystals

YAG:Dy3+

Rare earth ions
Metal transition ions

Scanning electron microscope



 7

Some Theory …

Allison et al., Rev. Sci. Instrum. 68(7), 1997
Khalid et al., Sensors 8:5673-5744, 2008
Chepyga et al., J. Luminescence188:582-588, 2017
Guiberti et al., CFTL, 2014

Inorganic crystals

YAG:Dy3+

Rare earth ions
Metal transition ions

Simplified Jablonski diagram
S0

S1

T1

WR
<latexit sha1_base64="NPm+Vw4OdU2mQD9+bZzNdMbqODU="></latexit><latexit sha1_base64="NPm+Vw4OdU2mQD9+bZzNdMbqODU="></latexit><latexit sha1_base64="NPm+Vw4OdU2mQD9+bZzNdMbqODU="></latexit><latexit sha1_base64="NPm+Vw4OdU2mQD9+bZzNdMbqODU="></latexit>

WNR
<latexit sha1_base64="bHJkw6QbnVf9kcAnzofmkew3/DQ="></latexit><latexit sha1_base64="bHJkw6QbnVf9kcAnzofmkew3/DQ="></latexit><latexit sha1_base64="bHJkw6QbnVf9kcAnzofmkew3/DQ="></latexit><latexit sha1_base64="bHJkw6QbnVf9kcAnzofmkew3/DQ="></latexit>

Scanning electron microscope



 7

Some Theory …

Allison et al., Rev. Sci. Instrum. 68(7), 1997
Khalid et al., Sensors 8:5673-5744, 2008
Chepyga et al., J. Luminescence188:582-588, 2017
Guiberti et al., CFTL, 2014

Inorganic crystals

YAG:Dy3+

Rare earth ions
Metal transition ions

⌧ =
1

WR +WNR
<latexit sha1_base64="KL6SuXa5HLDQkELH6GveUdsF+iM="></latexit><latexit sha1_base64="KL6SuXa5HLDQkELH6GveUdsF+iM="></latexit><latexit sha1_base64="KL6SuXa5HLDQkELH6GveUdsF+iM="></latexit><latexit sha1_base64="KL6SuXa5HLDQkELH6GveUdsF+iM="></latexit>

Non-radiative emission is 
temperature dependent
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… Applied to Time-Resolved Domain

Allison et al., Rev. Sci. Instrum. 68(7), 1997
Omrane et al., Proc. Combust. Inst. 29:2653-2653
Knappe et al., Combust. Flame 160:1466-1475, 2013
Fuhrmann et al., Appl. Phys. 116:293-303, 2014

La2O2S:Eu
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… & Time-Integrated Domain 

Omrane et al., Fire Saf. Sci. 7:141-152, 2003
Fond et al., ECM 2015
Knappe et al., Combust. Flame 160:1466-1475, 2013
Fuhrmann et al., Appl. Phys. 116:293-303, 2014
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R(T ) = I1/I2 = exp

✓
�E

kBT

◆A priori calibration

T = f(R)
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Some applications (1): Gas Turbines

Guiberti Thesis, ECP, 2015
Feist et al., Proc.Inst. Mech. Eng 217:193-200, 2005
Seyfried et al., AIAA J. 45:1966-71, 2007
Nau et al., ASME GT75293, 2018

EXP

CFD adiabatic



 10

Some applications (1): Gas Turbines

Guiberti Thesis, ECP, 2015
Feist et al., Proc.Inst. Mech. Eng 217:193-200, 2005
Seyfried et al., AIAA J. 45:1966-71, 2007
Nau et al., ASME GT75293, 2018

EXP

CFD adiabatic

Thermal boundary 
conditions



 10

Some applications (1): Gas Turbines

Guiberti Thesis, ECP, 2015
Feist et al., Proc.Inst. Mech. Eng 217:193-200, 2005
Seyfried et al., AIAA J. 45:1966-71, 2007
Nau et al., ASME GT75293, 2018

EXP

CFD adiabatic

Thermal boundary 
conditions

Cooled burnt recirculation = Enthalpy losses

CFD heat losses
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Many applications (2): Gas-phase Thermometry

Abram et al., Appl. Phys. 111:155-160, 2013
Schreivogel et al., Heat Mass Transfer 103:390-400, 2015
Abram et al., Prog. Ener. Combust. Sci. 64:93, 2018

Air jet w/ ZnO
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Many applications (2): Gas-phase Thermometry

Abram et al., Appl. Phys. 111:155-160, 2013
Schreivogel et al., Heat Mass Transfer 103:390-400, 2015
Abram et al., Prog. Ener. Combust. Sci. 64:93, 2018

Air jet w/ ZnO
Flow past a heated 

cylinder

Film cooling 
effectiveness
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Fire applications

Valencia et al., GDR Feux 2015
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Flame Spread - 1D
LDF/PMMA

Ethanol/Heptane

Mg4FGeO6:Mn Interferences w/ flame emission
Soot issues

Omrane et al., Fire Saf. Sci. 7:141-152, 2003
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LDF

Ethanol

Mg4FGeO6:Mn

Flame Spread - 2D

Omrane et al., Proc. Combust. Inst. 29:2653-2659, 2002
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LDF

Ethanol

Mg4FGeO6:Mn

Flame Spread - 2D

Omrane et al., Proc. Combust. Inst. 29:2653-2659, 2002
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Fire Safety & Intumescent Coatings

Bartholmai et al., Fire Mater. 27:151-162, 2003
Omrane et al., Fire Safe. J. 42:68-74, 2007
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Fire Safety & Intumescent Coatings

Bartholmai et al., Fire Mater. 27:151-162, 2003
Omrane et al., Fire Safe. J. 42:68-74, 2007

Theory does not account 
for endothermic reactions

Expansion rate vs. temperature
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Project ??
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Many applications: Internal Combustion Engines

Omrane et al., SAE Tech. 01-0609, 2004
Fuhrmann et al., Appl. Phys. B 106:945-951, 2012
Dragomirov et al., Exp. Fluids 59:42, 2018
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Many applications: Two-Phase Flows

Omrane et al., Appl. Opt. 43:3523-3, 2004
Omrane et al., Lab Chip 4:287-291, 2004
Särner et al., Opt. Lett. 33:1327-9, 2008


