
 Uncertainty  analysis: 
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∆𝐼𝑆 ≡ shot noise numbers of photoelectrons (Poisson statistics) =

𝐼𝑆
1

2 , ∆𝑃 ≡ negligible for thermometry measurements, ∆𝜆𝑖 ≡

negligible for R.S. (only for FRS), ∆𝛺 ≡ beam pointing stability =

± 3.14 × 10−8 𝑆𝑟 , ∆𝐸𝑖 ≡ Incident energy uncertainty.

 Filtered Rayleigh scattering (FRS) is the atomic/molecular vapor

filter which is placed in front of camera and will improve

qualitative flow visualizations.

 FRS will be used to remove more precisely the wall/dust

reflections from Rayleigh scattering signal to improve accuracy

of the image analysis for flow temperature measurements.

 In flow studying, it is very important to obtain the most possible

information about the flow physical behavior.

 Rayleigh scattering technique has the advantage of measuring

the density, temperature and velocity without any disturbances

to the flow and there is also no need to seed the flow with

particles (PIV) or gas phase tracer e.g. acetone (PLIF).

 This technique involves the elastic interaction of the incident

laser light with the gas molecules which results the scattered

light and the laser to have the same central wavelength.

Rayleigh scattering geometry

𝑰𝑺 = 𝑰𝒊𝑵𝑳𝒔𝛀
𝒅𝝈

𝒅𝜴

𝐼𝑆 ≡ Rayleigh scattering signal intensity 𝑊.𝑚−2 , 𝐼𝑖 ≡ incident laser

intensity 𝑊.𝑚−2 , 𝑁 ≡ species number density 𝑚−3 , 𝐿𝑠 ≡ length of

probe volume 𝑚 , Ω ≡ solid angle for detection 𝑆𝑟 ,
𝑑𝜎

𝑑Ω
≡ differential

Rayleigh scattering cross section species mixture 𝑚2. 𝑆𝑟−1 .

Buoyant Jet Mole Fraction Measurements using 

Rayleigh scattering Technique

Hatef Pazhand, Philippe M. Bardet

Department of Mechanical and Aerospace Engineering

Beam 

dump

532 nm 

mirror

Photodiode

Beam dump/

power meter

Jet/co-flow

Camera on 

moving stage

250 mm

cylindrical 

lens

Beam 

splitter

𝐵𝑒𝑎𝑚
𝑠𝑝𝑙𝑖𝑡𝑡𝑒𝑟

𝐵𝑒𝑎𝑚
𝑑𝑢𝑚𝑝

𝐻𝑎𝑙𝑓
𝑤𝑎𝑣𝑒𝑝𝑙𝑎𝑡𝑒

𝐷𝑜𝑢𝑏𝑙𝑒 − 𝑝𝑢𝑙𝑠𝑖𝑛𝑔 𝑁𝑑: 𝑌𝐴𝐺 𝑙𝑎𝑠𝑒𝑟
532𝑛𝑚 𝑜𝑢𝑡𝑝𝑢𝑡

𝐶𝑦𝑙𝑖𝑛𝑑𝑟𝑖𝑐𝑎𝑙
𝑙𝑒𝑛𝑠

𝐼𝑟𝑖𝑠

𝑀𝑖𝑟𝑟𝑜𝑟
532𝑛𝑚

𝑠𝐶𝑀𝑂𝑆 𝑍𝑦𝑙𝑎 5.5

𝑉𝑎𝑙𝑣𝑒

𝑀𝐹𝐶

𝑁2𝑂/𝑆𝐹6
𝑁2/𝐻𝑒

𝑁2/𝐻𝑒

 Raw image definition [Clemens, N. T. (2002)]: 𝑺 𝒊, 𝒋, 𝒕𝒊, 𝒕𝒓𝒐 = 𝒘 𝒊, 𝒋 𝑳 𝒊, 𝒋 𝑺𝑹 𝒊, 𝒋 + 𝑺𝒃𝒂𝒄𝒌 𝒊, 𝒋, 𝒕𝒊 + 𝑺𝒅𝒂𝒓𝒌 𝒊, 𝒋, 𝒕𝒓𝒐

With 𝑆 ≡ total detected Rayleigh scattering signal 𝑝𝑖𝑥𝑒𝑙 − 𝑐𝑜𝑢𝑛𝑡 , 𝑖, 𝑗 ≡ vertical and horizontal pixel locations, 𝑡𝑖 ≡

Exposure time, 𝑡𝑟𝑜 ≡ array readout time, 𝑤 𝑖, 𝑗 ≡ white-field response function, 𝐿 𝑖, 𝑗 ≡ Laser intensity distribution,

𝑆𝑅 ≡ the actual jet and coflow Rayleigh scattering signal 𝑝𝑖𝑥𝑒𝑙 − 𝑐𝑜𝑢𝑛𝑡 , 𝑆𝑏𝑎𝑐𝑘 ≡ background signal 𝑝𝑖𝑥𝑒𝑙 − 𝑐𝑜𝑢𝑛𝑡 ,

𝑆𝑑𝑎𝑟𝑘 ≡ camera dark current 𝑝𝑖𝑥𝑒𝑙 − 𝑐𝑜𝑢𝑛𝑡 .

 Shot-to-shot correction: using photodiode and oscilloscope to capture each laser pulse (total 500 pulses).

 Background and dark current correction:

𝑩𝒂𝒄𝒌𝒈𝒓𝒐𝒖𝒏𝒅 𝒊, 𝒋 = 𝑩𝒂𝒄𝒌𝒈𝒓𝒐𝒖𝒏𝒅𝑯𝒆 𝒊, 𝒋 −
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