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Abstract: To investigate the influence of different enclosed cold aisle parameters and cabinet flow
characteristics on the cooling airflow distribution in data center cabinets, a two-dimensional flow
model suitable for enclosed cold aisle scenarios is proposed. The model systematically examines
the distribution trends of cooling airflow in cabinets under varying flow resistances and cabinet
flow characteristics. The two-dimensional model is located on a plane parallel to the cabinet inlet,
and a negative source term based on cabinet flow characteristics is introduced in the governing
equations to describe the airflow passing through the cabinets. Simulation results for different
cold aisle parameters and cabinet flow characteristics reveal that when flow resistance dominates
in the cold aisle, airflow tends to concentrate at the bottom of the cabinets, increasing the risk of

hotspots at the top. Conversely, when inertia dominates the flow in the cold aisle, more airflow
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is directed toward the top, leading to potential hotspots at the bottom. Steeper cabinet flow

characteristic curves contribute to improved vertical airflow distribution uniformity. A two-

dimensional simulation of an actual data center cold aisle configuration demonstrates that

appropriately increasing the flow resistance in the enclosed cold aisle can reduce the range of the

flow uniformity index (FUD to 83. 0% of the baseline scenario. Additionally, increasing the flow

resistance within the servers to steepen their flow characteristic curves further reduces the FUI

range to 55. 4% of the basecline scenario. This study provides a quantitative reference for

evaluating the impact of enclosed cold aisle parameters and cabinet flow characteristics on

improving flow distribution uniformity.

Keywords: data center thermal management; two-dimensional model; cold aisle containment
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Fig. 1 Schematic diagram of a cold aisle containment server
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Fig. 2 Schematic illustration of the Coanda effect on

edge rack cooling
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Fig. 3 Flow illustration inside the cold aisle
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Fig. 4 Cross-sectional schematics of the contained

cold aisle
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Table 1 Value selection of calculation parameters for 2D model
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Fig. 7 Distribution of pressure drop and flow velocity at different resistance coefficients under level 1
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Fig. 8 Distribution of pressure drop and flow velocity at different resistance coefficients under level 2
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Fig. 11 Pressure drop and velocity distributions under level 1 of the resistance coefficients in the contained cold aisle
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