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Simulation study of spray interference in liquid nitrogen array nozzle cooling
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Abstract: To elucidate the spray interference mechanisms within the impingement zones of multi-nozzle liquid
nitrogen spray cooling, a full-scale numerical model of an 8-nozzle array was established under the Eulerian—
Lagrangian framework. The local momentum flux ratio was introduced as a quantitative metric to characterize the
interference intensity. Flow field characteristics and heat transfer performance of both in-line and staggered
configurations were compared at nozzle—to—surface distances ranging from 35 to 80 mm. Results indicate that at
lower heights (H<50 mm), both configurations maintain satisfactory temperature uniformity. As the height increases
to 65 mm, the in—line array experiences a sharp rise in momentum flux ratio within the impingement zone, reaching
peak values near 0.5. The head—on collision of adjacent crossflows generates a stagnation point and induces upward
counterflow, which impedes droplet penetration and elevates the surface temperature non—uniformity to 0.52 K. In
contrast, the staggered configuration creates oblique venting channels due to its offset arrangement, suppressing the
peak momentum flux ratio below 0.4 and reducing surface temperature non—uniformity to 0.40 K. At a height of 80
mm, the staggered array further lowers surface temperature non—uniformity to 0.20 K while achieving a heat transfer

coefficient approximately 28% higher than that of the in-line array. The findings demonstrate that the performance
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reversal in impingement zones originates from momentum accumulation and restricted venting inherent to closed

packing patterns. The introduced momentum flux ratio provides an effective quantitative descriptor of interference

intensity, offering a direct criterion for array topology optimization.

Keywords: liquid nitrogen; spray cooling; multi-nozzle array; momentum flux ratio; spray interference; surface

temperature non—uniformity
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