	#
	Highlights

	A
	Pilotless actuator reaches 950 Hz natural frequency and 650 Hz −3 dB bandwidth

	B
	Regime-aware Cd(Re) fit (R²=0.978) avoids up to 18° phase-margin loss.

	C
	Micro–meso–macro model links CFD flow physics to closed-loop control.

	D
	Predictive commissioning cuts field tuning by 93%, from weeks to hours.

	E
	Re=500–2500 stability zone contains 87% of precision-task failures.



