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Comparison between polydispersed and monodispersed models on condensing
water-vapor flow in a supersonic convergent-divergent nozzle
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ARTICLE INFORMATION ABSTRACT

Original Research Paper The supercooled steam in low pressure turbines creates the nucleation phenomenon. In most modeling
Received 07 December 2016 approaches, to reduce the computation time a monodispersed model is used. However, experimental
Accepted 30 January 2017 evidence even on one dimensional condensing flow demonstrates the existence of droplets with several

Available Online 27 February 2017 sizes. In this paper to make the modeling more realistic, a polydispersed model is used along with the

one dimensional HHL Riemann solver. In this study, a simple method is proposed for polydispersed

gg{%?;gg;sed model in Eulerian-Eulerian method. In this scheme, first, a number of elements are considered in the
Monodispersed nucleation region and the droplets formed in each of the elements are put into a group. Then the new
Nucleation droplets formed in consecutive elements are distributed based on the ratio between the number of
Droplet growth droplets in each group available for merging constrained by having the same number of groups. These

Droplet group groups grow individually until the end of the nozzle and each group has their own wetness, temperature,

number of droplets and radius. Based on the results of the proposed polydispersed, the nucleation rate
and the number of droplets are found to be more than the results of the monodispersed model, but the
average droplet radius is less, with 10% difference closer to the empirical radius of the Moore nozzle.
The pressure distributions for both models have good agreement with experimental data, but overall, the
results of the proposed polydispersed method are significantly closer to experimental results, especially
with regard to the droplet radius.
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Fig. 1 Droplet size distribution measured at inlet to last stage of a 500
MW steam turbine [16]
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Fig. 2 Solution of the Riemann problem with data @, and Qj in the x-t
plane. The three waves present define four piece-wise constant states
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Fig. 4 Comparison of static pressure distribution between polydispersed
and monodispersed models, and then with the experimental data along
the nozzle
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Fig. 9 Comparison of average radius of droplet between polydispersed
and monodispersed models, and then with the experimental data along
the nozzle
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Fig. 11 Comparison of temperature between polydispersed and
monodispersed models along the nozzle Moore B
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