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Author Questionnaire
1. Microscopy: Does your protocol require the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or something similar?  No 

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  No
If Yes, we will need you to record using screen recording software.
We recommend using the screen capture program OBS. JoVE’s tutorial for using OBS Studio is provided at this link: https://review.jove.com/v/5848/screen-capture-instructions-for-authors?status=a7854k
As these files are necessary for finalizing your script, please upload all screen-captured video files to your project page as soon as possible.

3. Filming location: Will the filming need to take place in multiple locations?   No

4. Testimonials (optional): Would you be open to filming two short testimonial statements live during your JoVE shoot? These will not appear in your JoVE video but may be used in JoVE’s promotional materials.  No


Current Protocol Length
Number of Steps:  15
Number of Shots:  45 


Interviews
Videographer: Obtain headshots for all authors available at the filming location. 

Answers to these questions will become interview statements that you will deliver on camera.
· Introduction: Answer the 1st REQUIRED prompt and 1 additional question; Conclusion: Answer any 3 questions. No more than 5 interview statements will be included in the video.
· Enter the full name of the author who will deliver the statement.
· Speak naturally and avoid reading the lines.
· Limit the length of each statement to 20 words or fewer.
· Answers will be edited for length, clarity, and consistency with journal style guidelines.

Authors: Please note that the questions will not appear on screen. Please answer in stand-alone full sentence with sufficient context

INTRODUCTION:

REQUIRED: Summarize your research focus and the main questions it aims to answer.
1.1. Agnieszka W. Lach: We study hydrogen explosion dynamics using synchronized imaging and pressure measurements to understand flame behavior after delayed ignition in obstructed environments. 
1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

Describe the research gap or limitation in existing methods and how this protocol addresses them.
1.2. Agnieszka W. Lach: Existing methods overlook open-air hydrogen jet explosions with obstacles; this protocol resolves flame evolution and pressure effects along jet path.

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 
CONCLUSION:
What does this protocol allow researchers to study or measure?
1.3. Agnieszka W. Lach: This method allows study of flame behavior and pressure buildup in hydrogen jet explosions affected by obstacles and ignition conditions. 
1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 
Describe the most important consideration or challenge when performing this protocol.
1.4. Agnieszka W. Lach: The key challenge is maintaining repeatable conditions while safely synchronizing hydrogen release, delayed ignition, and data acquisition systems
1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
Are there any additional methods or analyses that can be performed following this procedure?
1.5. Agnieszka W. Lach: The data can support CFD validation and extended studies by varying obstacle configurations, ignition timing, and ignition location.
1.5.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

Videographer: Obtain headshots for all authors available at the filming location.




Protocol  
Videographer: Please always record an audio slate while filming each shot mentioned in the shotlist.

2. Experimental Setup and System Preparation
Demonstrator: Agnieszka W. Lach or Student 	Comment by Deepthi Das: Author: If a student is demonstrating this section, Please add their Name and Affiliation in the post-shoot notes.

2.1. To begin, proceed to the secured experimental area and connect a high‑pressure regulator rated for hydrogen service to the hydrogen cylinder [1]. Attach a high-pressure hose between the regulator outlet and the experimental setup inlet [2].

2.1.1. WIDE: Talent going to the secured experimental area and connecting a high-pressure regulator to the hydrogen cylinder. 
Videographer: Please obtain CU shot as well for this shot.
2.1.2. Talent attaching a high-pressure hose between the regulator and the setup inlet.

2.2. Connect the pneumatic valve to the air compressor using an air hose [1]. Set the compressor outlet pressure to the level required for full valve actuation, in accordance with the valve specifications [2].

2.2.1. Talent connecting the pneumatic valve to the air compressor.
2.2.2. Talent adjusting the compressor pressure setting to the level required for full valve actuation.

2.3. Connect the data acquisition system, high-speed camera, pulse generator, and ignition unit to their respective power supplies [1]. Switch on these electronic devices [2]. Use signal cables to connect the trigger output of the pulse generator to ensure synchronized operation of the pneumatic valve control, high-speed camera, pressure data acquisition input, and ignition unit [3].

2.3.1. Talent connecting cables to the data acquisition system, high-speed camera, pulse generator, and ignition unit.
2.3.2. Talent switching on the data acquisition system, high-speed camera, pulse generator, and ignition unit.
2.3.3. Talent connecting signal cables from the trigger output of the pulse generator to the pneumatic valve control, high-speed camera, pressure data acquisition input, and ignition unit in this order.

2.4. Position the obstacle array at a specified distance from the nozzle, for example 29 centimeters, from the nozzle exit plane [1]. Align the obstacles with the jet centerline [2].

2.4.1. Talent measuring distance from the nozzle exit plane and placing the obstacle array.
2.4.2. Talent aligning the obstacle array with the jet centerline.

2.5. Place the ignition source at the desired location relative to the obstacle and nozzle [1]. Fix the ignition source securely in position [2]. Adjust the distance between ignition electrodes to a spark gap of 1 to 3 millimeters using a measuring tool [3]. Ensure the entire experimental rig is properly grounded [4].  

2.5.1. Talent positioning the ignition source at the desired location.
2.5.2. Talent securing the ignition source in place.
2.5.3. Talent adjusting the electrodes to a spark gap of 1 to 3 mm using a measuring tool.
2.5.4. Talent verifying that the experimental rig is properly grounded. 

2.6. Use an inert gas to pressurize the system slightly above the planned operating pressure [1]. Apply a soap-water solution to each fitting and check for bubble formation [2]. Tighten or remake connections if bubbles appear [3].

2.6.1. Talent pressurizing the system to a pressure slightly higher than the planned operating pressure using an inert gas supply.
2.6.2. Shot of the talent applying soap-water solution to a few fittings and checking for bubble formation.
2.6.3. Talent tightening or remaking a connection on the system if needed.

3. Synchronized Hydrogen Combustion Experiment Setup and Execution

Demonstrator: Agnieszka W. Lach or Student 
	Comment by Deepthi Das: Author: If a student is demonstrating this section, Please add their Name and Affiliation in the post-shoot notes.
3.1. Set the data acquisition system to sample all pressure channels at a rate of at least 50 kilohertz [1]. Configure the time base to cover the entire release and combustion event for a total duration of 5 seconds [2]. Set an appropriate voltage range for each pressure sensor based on its calibration [3]. Configure the system to trigger on a rising-edge signal from the pulse generator [4].

3.1.1. SCREEN: Display the data acquisition software interface and the sampling rate being set to at least 50 kHz for all pressure channels.
Authors: Please create screen capture videos of the shots labeled as SCREEN, create a screenshot summary, and upload the files to your project page as soon as possible: https://review.jove.com/account/file-uploader?src=21396103
3.1.2. SCREEN: The time base setting is being adjusted to cover the entire release and combustion event for a total duration of 5 seconds.
3.1.3. SCREEN: The voltage ranges are being set individually for each pressure sensor channel according to calibration values.
3.1.4. SCREEN: A rising-edge signal from the pulse generator is being selected, and triggering is being enabled.

3.2. Set the high-speed camera to a resolution of 1024 by 1024 pixels and 5,000 frames per second [1]. Set the exposure time to a value that avoids motion blur while maintaining sufficient brightness [2]. Select a trigger mode that records a short pre-trigger period of around 10 to 20 percent of the total recording time [3]. 

3.2.1. SCREEN: Show the high-speed camera software and set the resolution to 1024 × 1024 pixels and the frame rate to 5,000 frames per second.
3.2.2. SCREEN: Set the exposure time to a value between 100 and 200 µs.
3.2.3. SCREEN: Select a trigger mode with a pre-trigger period set to 10 to 20% of the total recording time. 

3.3. Program the pulse generator to send a single trigger sequence that simultaneously activates the pneumatic valve, high-speed camera, pressure data acquisition system, and ignition unit [1]. Set the hydrogen release duration to 2.53 seconds [2]. Set the ignition delay to 2.50 seconds relative to the valve opening [3]. Set the ignition pulse duration to 0.03 seconds [4]. 

3.3.1. SCREEN: Programming a single trigger sequence to activate all connected devices simultaneously.
3.3.2. SCREEN: The hydrogen release duration value is being entered as 2.53 seconds.
3.3.3. SCREEN: The ignition delay is being set to 2.50 seconds relative to the valve opening.
3.3.4. SCREEN: The ignition pulse duration is being set to 0.03 seconds.

3.4. Configure the camera and data acquisition system to start recording on the same trigger signal [1]. Send a test trigger while the hydrogen cylinder valve is closed and confirm system response [2].

3.4.1. SCREEN: The camera and data acquisition system settings are being configured to start recording from the same trigger signal. 
3.4.2. SCREEN: A test trigger is being sent with the hydrogen cylinder valve closed, and the system response is being checked. 

3.5. Open the hydrogen cylinder valve slowly and adjust the regulator to the desired pressure [1]. Allow the pressure to stabilize within 0.5 bar for at least 10 seconds [2].

3.5.1. Talent opening the hydrogen cylinder valve and adjusting the regulator.
3.5.2. Shot of the pressure gauge showing pressure stable within 0.5 bar.

3.6. Move to a designated safe location behind a protective barrier while maintaining visual contact [1]. Turn off unnecessary room lighting [2]. Activate the laboratory safety signal [3]. Start the pulse generator to initiate the synchronized sequence [4].

3.6.1. Talent moving behind a protective barrier.
3.6.2. Talent switching off room lights.
3.6.3. Talent activating a safety signal.
3.6.4. SCREEN: The pulse generator is being started to initiate the synchronized sequence.

3.7. Use the data acquisition software to save pressure signals from all sensors and the upstream supply trace [1].  Verify that the recording includes the pre-trigger timeframe and clearly shows the ignition moment [2]. Save the high-speed video file [3].  Transfer all recorded data to the designated experiment folder and back up the data to an external drive [4]. 

3.7.1. SCREEN: All pressure sensor signals and the upstream supply pressure trace is being saved in the data acquisition software
3.7.2. SCREEN: Playback showing the pre-trigger period and the ignition moment clearly visible in the recorded footage.
3.7.3. SCREEN: The recorded high-speed video file is being saved.
3.7.4. SCREEN: The recorded files are being transferred into the designated experiment folder, and the folder is then being copied to an external drive.

4. System Shutdown and Post-Experiment Safety Procedures

Demonstrator: Agnieszka W. Lach or Student 	Comment by Deepthi Das: Author: If a student is demonstrating this section, Please add their Name and Affiliation in the post-shoot notes.

4.1. Close the hydrogen cylinder needle valve fully [1]. Disconnect the ignition unit from its power supply [2]. Vent the remaining hydrogen by opening the pneumatic valve till the pressure drops to zero [3]. Turn off all remaining equipment including the pulse generator, data acquisition system, camera, lighting, and air compressor [4].

4.1.1. Talent turning the cylinder valve clockwise.
4.1.2. Talent unplugging the ignition unit.
4.1.3. Talent opening the pneumatic valve to release gas till the pressure drops to 0.
4.1.4. Talent switching off all remaining equipment including the pulse generator, data acquisition system, camera, lighting, and air compressor.

4.2. Verify closure of the hydrogen bottle [1]. Disconnect all power supplies and cables [2]. Secure the experimental area and document observations [3].

4.2.1. Talent checking the hydrogen cylinder valve.
4.2.2. Talent disconnecting cables and power supplies.
4.2.3. Talent securing the experimental area and documenting observations.




Results

5. Results 
5.1. The high-speed videos captured the ignition moment [1] and the subsequent flame propagation through the obstacle geometry [2].

5.1.1. LAB MEDIA: Figure 4. Video editor: Highlight the 0.70 ms frame for both panels and emphasize the ignition spot that appears in a lighter tone in the black background. 
5.1.2. LAB MEDIA: Figure 4. Video editor: Highlight the bright white area in both panels starting at 0.70 ms and continue frame by frame till 6.30 ms, to show the progressive increase in brightness around the central box-shaped structure.

5.2. The pressure transducer data showed a sharp peak at the ignition moment [1], with explosion pressure first observed at sensor P0 [2] and then progressively moving downstream at the sensors [3].

5.2.1. LAB MEDIA: Figure 5. Video editor: Highlight the left-side area of the graph from 0.0 to 0.5 seconds on the bottom timeline, to emphasize the initial spike region.
5.2.2. LAB MEDIA: Figure 5. Video editor: Highlight the top light-blue line in the graph, the one that shows the first and largest spike around 2.7 seconds. 
5.2.3. LAB MEDIA: Figure 5. Video editor: Briefly highlight the other lines below the top light-blue line in sequence (purple, yellow, green, red). 
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