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❑ Laser Induced Fluorescence (LIF) and Phosphorescence

• Laser-induced fluorescence (LIF) is the 
optical emission from molecules that 
have been excited to higher energy 
levels by absorption of 
electromagnetic radiation.

• Laser-induced fluorescence (LIF) 
technique is widely used for thermal 
fluids studies for qualitative flow 
visualization and quantitative flow 
variable measurements

• Flow variables can be measured 
based on LIF technique:
–  Species concentration/mole 

fraction (e.g., Na, OH, NO, O2, 
CH, CO, acetone)

– Temperature
– Velocity
– Pressure 

 

• https://www.youtube.com/watch?v=CcN8NnGGPhs
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❑ PLIF - intensity at point (x0,y0)

),()()(),(),( 000000 yxCTTAyxIyxH f =

Hf ( x0,y0) : measured fluorescence intensity 

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

 : quantum efficiency,   

 L: the length of the sampling volume along the path of excitation beam

 : molar absorption coefficient

 C(x0,y0): the molar concentration of the fluorescent dye.

 I(x0,y0): the intensity of excitation light beam at the point (x0,y0 )
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Thermal Quenching of Photoluminescence
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❑ PLIF for Temperature Field Measurements
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Temperature Calibration Experiments
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Temperature Sensitive of QD, Fluorescein and 

Rhodamine B
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308nm Excimer laser 488nm Argon-ion laser 514nm Argon-ion laser

QD-3 -0.94% per 0C 

(50C ~ 650C)

-1.14% per 0C  

(50C ~ 650C)

-1.05% per 0C 

(50C ~ 650C)

Rhodamine B -1.57% per 0C

(50C ~ 650C)

-1.20% per 0C

   (50C ~ 650C)

Kim & Khim (2001)

 -1.35 % per0 C  (150C ~ 400C)

-1.52% per 0C

 (50C ~ 650C)

Coppeta & Roger(1998) 

-1.54 % per0 C (200C ~ 600C)
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Coppeta & Roger(1998)

-0.16 % per0 C  (200C ~ 600C)
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Coppeta & Roger(1998)

+2.43 % per0 C (200C ~ 600C)
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More Fluorescent Dyes
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QUANTIFICATION OF HEAT TRANSFER AROUND A HEATED CYLINDER

• Fanning, E., Donnelly, T., Lunney, J.G. et al. Application of gaseous laser-induced fluorescence in low-temperature convective heat transfer 
research. Exp Fluids 61, 123 (2020). https://doi.org/10.1007/s00348-020-02959-x
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QUANTIFICATION OF HEAT TRANSFER AROUND A HEATED CYLINDER

• Seuntiëns, 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).
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PLIF MEASUREMENTS OF  TEMPERATURE DISTRIBUTIONS OF A FLAME 

• Results of imaging analysis of CO2 UV-PLIF 
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❑ PLIF-PIV COMBINED SYSTEM FOR SIMULTANEOUS MEASUREMENTS OF  

FLOW VELOCITY AND TEMPERATURE DISTRIBUTIONS
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❑ Dual-Color LIF technique
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• LIF-based thermometry with two fluorescent dyes.

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

Experiments in  Fluids 26(1999)7–15.
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❑ Dual-Color LIF technique
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(Coppeta and Rogers, 1998)
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❑ Results of the Dual-color LIF technique

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

Experiments in  Fluids 26(1999)7–15.
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❑ Dual-Color LIF technique

• Prenting, M.M., Bin Dzulfida, M.I., Dreier, T. et al. Characterization of tracers for two-color laser-induced 
fluorescence liquid-phase temperature imaging in sprays. Exp Fluids 61, 77 (2020). 
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❑ Dual-Color LIF technique

• Advantage: 
• Ratio-metric method
• Do not need to calibrate the uniformity of the 

laser intensity distribution

• Disadvantage:
• Spectrum conflict between two fluorescent dyes
• Photobleaching rate differences of the two dyes
• Low temperature sensitivity
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❑ Dual-Emission-Band LIF technique

• Single dye;  Two emission band method

• 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). 
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❑ Dual-Emission-Band LIF technique

• 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). 
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❑ Dual-Emission-Band LIF technique

• Advantage:   single dye
• Disadvantage:  Single level is weak;  

• 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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