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Phosphor thermometry to measure the surface temperature of cooled particles inside a packed bed

Measuring surface temperature of particles is central to investigate flame-particle interaction inside a packed bed. Here, phosphor thermometry is applied to measure particle temperature within an array of cylinders representing a packed bed. Lifetime phosphor thermometry using YAG:Cr 3+ is implemented to infer the temperature of the cylinders simultaneously, as a methane/air flame stabilizes in between them. Such measurement yields insights into the heat transfer between the flame and particles and also provides a boundary condition for numerical simulations.

The particle surface temperature is a key parameter in studying flame-particle interaction and is difficult to measure non-invasively, especially when the flame stabilizes close to the cylinder surface. However, phosphor thermometry offers a minimally invasive solution and is used in multiple works to measure the surface temperature under harsh reactive environment * . The phosphor employed here is an yttrium-aluminum garnet (YAG) doped with Cr 3+ . A ring-like coating of phosphor and HPC binder with thickness of 35µm and a width of 2 mm was sprayed on the middle of three cylinders. As in Figure .1(c), a frequency-doubled beam of Nd:YAG pulsed laser (10 Hz) is steered into the region of line-of-sight optical access using a 610 nm long pass dichroic mirror (Figure .1(b)) to simultaneously excite all three phosphor coatings. Following excitation, a Photron FASTCAM SA-X2 high-speed camera looking directly through the three cylinders is used to resolve the luminescence decay of the YAG:Cr 3+ centered around 690 nm. The camera was operated at 10 kHz, to resolve a luminescence decay varying between 2 and 0.5 ms. The dichroic mirror shown in Figure .1.(d) serves two purposes, namely, reflecting excitation beam into the packed-bed and transmitting luminescence signal emanating from phosphor coatings, while rejecting the reflections of the excitation beam. An example of raw luminescence image (in color scale) superimposed onto the cylinder geometry (in gray) is shown in Fig. 1(e). As shown, luminescence signal can be measured on the surface of each cylinder simultaneously. The signal was summed over each cylinder, since the temperature distribution is expected to be uniform due to the small Biot number of the cylinder. Data was processed using an iterative non linear optimisation method with c1 and c2 equal to 0.75 and 4 † . Simultaneously, on the opposite side of the experimental setup in Figure .1(c), a sCMOS camera equipped with a telecentric lens also images the region in between the cylinders, but without perspective distortion. It is used to record the chemiluminescence light emanating from the methane/air flame front. Phosphor thermometry and flame chemiluminescence measurements were performed for different air-to-fuel equivalence ratio and the mixture inflow velocity. Results are shown in Figure .2. Black regions correspond to the cylinders while the blue region is the flame luminosity. Also, each of the surface temperatures measured by phosphor thermometry is indicated on the cylinder. Comparing Figure .2(a) and(b),reducing the inflow velocity from 0.3 to 0.25 m/s leads to the decrease of the top cylinder surface temperature due to the reduced heat transfer to the top cylinder as the flame stabilizes further down, whereas the bottom cylinder temperature remains unchanged due to similar flame to cylinder distances. Also, at the inflow velocity of 0.25 m/s, further increase in the equivalence ratio from 1 to 1.1, moves the flame front upwards to the top cylinder, but causes no considerable temperature change neither in the temperature of the top cylinder nor in that of the bottom one, due to lower flame power and peak flame temperature. 

Conclusion

In this work a cylindrical packed-bed experimental rig was designed to allow for the implementation of the line-of-sight optical diagnostics. YAG:Cr 3+ was coated on the cylinders to non-invasively measure their surface temperature in the presence of a flame. The temperature of the top particle was found to a decrease when reducing the inflow velocity, whereas the temperature of the bottom particles remained unchanged. On the other end, an increase of the excess air at constant inflow velocity did not considerably affect the particles temperature. Future work will investigate various other operating conditions and would incorporate laser Doppler velocimetry to measure the velocity field and to further study the flame particle interaction.

Figure 1 :

 1 Figure 1: (a) Exploded view of the burner and packed-bed (b) Front view (c) setup for simultaneous phosphor thermometry and chemiluminesence imaging (d) close view of the dichroic in front of the high-speed camera

Figure 2 :

 2 Figure 2: Particle surface temperature and reaction zone chemiluminesnece under three operating conditions

Acknowledgments

Funding by German Research Foundation (Deutsche Forschungsgemeinschaft, DFG) under project #422037413 (SFB/TRR 287) as well as discussions with Fathollah Varnik are gratefully acknowledged.