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	Please write a few sentences regarding the importance of this manuscript for the scientific community. A minimum of 3-4 sentences may be required for this part.


	This manuscript addresses a critical yet understudied aspect of cryogenic rocket engine operation—the pre-ignition transient phase—where low-frequency instabilities can lead to ignition failure or catastrophic engine damage. By using a full-scale injector mock-up with liquid nitrogen and inert gas sweeping, it provides rare experimental insights into the rapid evolution of two-phase flow regimes and thermoacoustic oscillations during the first 300 ms, directly relevant to engines like Vulcain and Vinci in the Ariane 6 launcher. The demonstration that prolonged helium purging significantly enhances flow stability and mass flow rate offers a practical pathway for improving ignition reliability in future cryotechnic engines. These findings fill a notable gap between high-pressure combustion instability studies and pre-ignition dynamics, advancing both fundamental understanding of cryogenic chilldown processes and engineering strategies for safer space propulsion systems.
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	Optional/General comments


	1. The injector geometry is described in detail with five distinct sections (converging, inlet, diverging, cylindrical, converging, outlet). Please clarify whether the reported angles (15°, 51°, 37°) and lengths were optimised for the LN2 mock-up or directly scaled from the Vulcain/Vinci engines, and justify any deviations that might affect the two-phase flow dynamics during the 300 ms transient. 
2.  Table 1 is referenced for the characteristics of pressure and force probes, yet the table itself is absent from the submitted document. As a reviewer, I require the complete Table 1 (including sensor model, range, accuracy, response time, and calibration details) to assess the reliability of the 5 ms acquisition interval and the calculated mass flow rate G via Eqs. (1)–(3). 
3. Figure 3 shows the calculated flow rate G(t) for conditions 1 and 2, with condition 2 reaching approximately twice the final value of condition 1 at t = 300 ms. Please explain the physical mechanism responsible for this doubling (e.g., reduced vapor lock due to prolonged He sweep) and quantify the contribution of velocity versus density changes using data from the void fraction and thrust measurements. 
4. In Fig. 4, experimental points for both conditions initially overlap in the slug regime before diverging in the annular regime. The text states We_GS thresholds of 5 m/s (churn/slug–bubbly) and 45 m/s (annular–churn). Provide the uncertainty bounds on the plotted We_GS values and discuss whether measurement errors in void fraction or resonance frequency could shift points across regime boundaries. 
5. Figure 5 identifies annular flow durations of only 10–15 ms (50–60 ms for condition 1; 40–55 ms for condition 2), followed immediately by churn flow in the same narrow time windows. This overlap appears inconsistent—please revise the figure or text to clearly delineate non-overlapping transition times and explain how the rapid switch from gas-continuous to liquid-continuous phase occurs within ~50 ms. 
6. The FFT in Fig. 6 highlights dominant modes at 25 Hz, 13 Hz, and 50 Hz, with the 25 Hz mode fading after t ≈ 100 ms and the 13 Hz mode persisting only in condition 1. Given that these are classified as low-frequency thermoacoustic oscillations (TAO), please include a sensitivity analysis showing how injector length, acoustic speed in the two-phase mixture, and boundary conditions (e.g., micrometric He valve) determine these resonance frequencies.
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