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initial pressures
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Fig.3 Curve graph of molecular separation

at different initial pressures
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Investigation of explosion limits and maximum explosion pressures
of hydrogen under negative pressure conditions

WANG Xuming' , PAN Yurui', ZHANG Qiuling' , XU Yingjie*, HU Xin'

(1 Institute of Safety and Environmental Protection, Zhejiang NHU Co. , Lid. , Shaoxing 312000, Zhejiang, China;
2 College of Chemistry and Chemical Engineering, Shaoxing University, Shaoxing 312000, Zhejiang, China)

Abstract: In practical applications of hydrogen, various negative pressure scenarios exist. Identifying the explosion parameters of
hydrogen under these negative pressure conditions is essential for conducting scientific risk assessments and implementing effective
prevention measures. A high-precision gas distribution and explosion pressure acquisition system was utilized to conduct explosion tests
under varying initial pressures and hydrogen volume fractions. The results were analyzed using software libraries, such as Matplotlib in
Python, to create curves that illustrate the relationship between explosion limits and initial pressure, explosion pressure and hydrogen
volume fraction at different initial pressures, and the explosion pressure rise ratio. The variations in explosion parameters under negative
pressure conditions were analyzed from the perspective of molecular spacing. The results indicate that, at room temperature and in an air
environment, reducing the initial pressure from 100 to 3. 5 kPa leads to a progressive narrowing of the explosion range. Notably, when
the initial pressure drops below 10 kPa, the rate of narrowing accelerates significantly. This phenomenon is closely correlated with
changes in molecular spacing influenced by pressure, with 10 kPa serving as a critical inflection point for both trends. At an initial
pressure of 3. 72 kPa, referred to as the critical explosion pressure, the upper and lower explosion limits converge at a hydrogen volume
fraction of 12.58% . Below this pressure, the system loses its explosive potential. It is widely accepted that the maximum explosion
pressure is typically reached near the stoichiometric concentration of 29. 6% (volume fraction). However, experimental results indicate
that this principle applies only when the initial pressure is greater than or equal to 5 kPa. When the initial pressure falls below 5 kPa,
the stoichiometric concentration shifts with decreasing pressure, moving toward a range of 10% to 15% . Furthermore, the maximum
explosion pressure rise ratio decreases from a conventional value of 7.30 to 4. 63, especially in systems where the initial pressure is
below 5 kPa, resulting in a significant reduction in this ratio.

Key words: safety engineering; hydrogen; negative pressure; critical explosion pressure; explosion limit; maximum explosion

pressure; explosion pressure rise ratio
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