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Performance analysis of a reheat—dual pressure ORC coupling vortex tube for
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Abstract: Under the "Dual Carbon" goals, industrial waste pressure recovery remains inadequate. This study
proposes a novel system integrating a vortex tube with a reheated Rankine cycle and a dual-pressure organic
Rankine cycle (RRC-VT-DPORC) to synergistically recover waste heat and pressure from slag gas—quenching
granulation. Energy, exergy, exergoeconomic, and exergoenvironmental models were developed to evaluate the
performance of systems with and without vortex tube waste—pressure recovery. The influence of airflow velocity (c,)
and cold flow ratio of the vortex tube (8) was analyzed, and multi-objective optimization was employed to determine
the optimal operating parameters. Results indicate that under the specified conditions of a ¢, of 450 m/s and a B of
0.5, the RRC-VT-DPORC system exhibited an increase in thermal efficiency and exergy efficiency exceeding 27%

relative to the baseline RRC-DPORC system without a vortex tube; however, this enhancement was accompanied by
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a rise in the exergy cost rate and exergoenvironmental impact rate of 13.5% and 13.9%, respectively. The two multi—

objective optimization strategies correspond to different engineering preferences: when thermal efficiency is taken as

the objective, the system favors a high cold flow ratio (8=0.848) and a relatively high airflow velocity (¢=396 m/s) to

reduce compressor power consumption; when exergy efficiency is taken as the objective, the system favors a low

cold flow ratio (8=0.102) and a relatively low airflow velocity (¢=390m/s) to increase ORC power output.

Engineering practices can flexibly select the appropriate operating conditions according to actual needs. This study

provides a technical reference for efficient industrial waste energy utilization and carbon emission reduction.

Keywords: waste heat and pressure utilization; vortex tube; slag gas quenching dry granulation technology; coupled

power generation system; performance analysis; multi—objective optimization
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Fig. 1 Thermal process of vortex tube
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Fig. 2 Thermal process of gas flow during gas quenching
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Fig. 3 Diagram of the RRC-VT-DPORC System
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Table 6 Exergy, exergoeconomic, and exergoenvironmental models of equipment
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Table 5 Energy models of the RRC-VT-DPORC system
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Table 7 A comparison between the present simulation

results and the experimental data from Ref. [19]
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Table 8 Performance comparison of systems

RRC-VT-DPORC
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Fig. 5 Effect of air flow velocity and cold flow ratio on net

output power, thermal efficiency and exergy efficiency
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