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Abstract: The commercial software Fluent 15.0 is employed to carry out the numerical simulation on the internal
and external flow fields of the pressure-swirl nozzle. The axisymmetric 3-D flow field is represented by an
equivalent 2-D grid. The VOF multiphase flow model and Reynolds stress model (RSM) are chosen. Numerical
simulations on flow fields are performed in two different circumstances: (0 Gas phase is specified as air and
there is no heat and mass transfer between phases; @ Gas phase is saturated steam, heat and mass transfer exists
between phases. Lee model, a computational model embedded in Fluent 15.0, is specified as the phase-transition
model of heat transfer. Comparisons between CFD simulations and experiment are launched. The internal and
external flow fields are analyzed based on simulation datum. Results indicate that an air core forms inside the
nozzle due to the helical motion of liquid phase, velocity of which increases sharply at the junction of contraction
section and orifice’s straight pipe section of the nozzle. Furthermore, comparisons are also performed between
circumstance (O and @. Numerical simulation results indicate that when heat and mass transfer exists between
phases (i.e. in case of circumstance @), (1) pressure of the flow fields is slightly lower and peak velocity is larger;
(2) heat transfer coefficient of liquid film decreases gradually along the flow direction; (3)the film is thicker due to
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the vapor condensation, and liquid film breakup length is larger.

Key words: nozzle; fluid mechanics; numerical simulation; mass transfer; Lee model
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Fig.1 Two typical structures of pressure-swirl nozzle
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Fig.2 Atomizing mechanism of pressure-swirl nozzle
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Table 1 Nozzle dimensions used for experimental
[14]

measurements
) Orifice Swirl chamber
Ay/mm Dymm ——————  0/(°)
Dy/mm L,/mm Dgy/mm Ly/mm
203 11.4 21 14.5 45 76 89
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Table 2 Experimental measurements

Om’® + 5! Ap/Pa h/mm 28/(°) Cq

4.73%10™ 19305 2.31 82.6 0.221
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Table 3 Data of grid independence validation

Grid h/mm 26(°) Ap/Pa Cy T/K
160242 2.10 78.6 18634 0.206  363.55
223056 2.13 75.9 17202 0.232 36535
296244 2.13 75.4 17280 0.231  365.92
368211 2.13 76. 1 17298 0.232  365.08
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Table 4 Flow rate and velocities at velocity inlet
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