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Context

• If hydrogen jet testing is to be performed in the upstairs Shock 
Lab it must be done safely.

• This is, there shall be no risk to the operators and nearby people to the 
lab.

• Hydrogen is a fuel and will combust readily with contact with 
oxygen.

• A system must be designed such that the hydrogen is extracted 
safely without any risk of unintended ignition.

• Appropriate fail safes must be in place to safely shut down the 
system in an emergency.
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Key Issues

1. Hydrogen concentration leaving the jet exceeding the lower 
explosive limit and combusting around an ignition source.

2. Hydrogen combusting inside the extraction system

3. Hydrogen leaking outside of the designated flow path into the 
room

4. Being able to immediately shut the system down and safely 
evacuate all hydrogen from the feed system
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Issue 1 – Ignition sources near hydrogen jet 

The LEL of hydrogen is 4% by volume. Since no-one is in the lab when 
hydrogen is flowing, there is no WorkSafe requirement of concentrations. I 
suggest a self imposed FoS of 2 on the LEL with an additional factor of 2 for 
mixing variability. Giving a cumulative FoS of 4, and thus a maximum 
concentration of hydrogen 1% by volume for the lab concentrations levels.
Different FoS to be used for extraction*

This should eliminate 

need for “ex-rated” 

equipment and concern

around ignition sources.
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Issue 2 – Adequate dilution via extraction

AS/IEC 60079.10.1 discusses explosive gas atmospheres and specifically 
provides guidance around leaks and extraction design for these systems.

Start by classifying grade of release: I propose “primary”
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Issue 2 – Adequate dilution via extraction

Openings must be classified according to type A, B, C and D. This 
experiment could be considered Type B or C, propose classifying as Type B 
for conservativeness.
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Issue 2 – Adequate dilution via extraction

The ventilation in the Shock Lab provides 19 m/s of extraction. Extrapolating 
on figure C.1, we have a “high” dilution rate if the release rate of hydrogen is 
less than 1500 L/s with factors of safety. We have “medium” dilution to 
effectively infinite release rate for our scenario.
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Issue 2 – Adequate dilution via extraction

Now estimating the zone type using the dilution rates and ventilation quality. 
Our system can be assumed “Good” ventilation during operation. Using our 
“high” dilution and “primary” release grade, we are “Zone 1 NE”. Effectively 
making the area non-hazardous, ex-rated equipment not required and no 
explosive zone.
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Issue 2 – Adequate dilution via extraction

Lastly, using isentropic nozzle flow equations, the jet can be sized appropriately to ensure safe 
operation. Employing a FoS of 1.25 for confidence in mass flow rates from the nozzle gives the 
following volume flow rates. 

Notice the standard does not employ an additional FoS, this FoS is chosen arbitrarily by us and must 
be agreed upon. This leaves us with an ideal nozzle diameter of 3.5 mm or less.



10

Issue 3 – Leaking into lab

Issue 3 leads directly on from issue 2, background concentrations must be looked at. Referring back to the AS/IEC 
60079.10.1 standard. Taking the conservative approach and assuming no local extraction and just general room 
extraction we fail the background concentration calculations (Xb = 63% of LEL which means Xb > Xcrit = 25% of 
LEL).
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Issue 3 – Leaking into lab

However, this is overly conservative, and the standard specifically references local extraction. With local extraction 
the background concentration can be considered “zero”. Furthermore, the standard specifically references this 
calculation is for some specified time after reaching steady-state. We will not be running continuous and thus do 
not meet this condition either.

Meeting these conditions, I propose we accept a “zero background concentration” and thus this issue is resolved. 
Additionally, we should have hydrogen detectors around the room which will be set to 25% of LEL for alarm in case 
of an accidental leak.

Lastly, if deemed necessary,
at 32.8 L/s (3 mm nozzle at 
NPR 6) with a 1.25 FoS for error
margin, for a 3x3x2m room, 
we can run for ~3.5s before
exceeding 25% LEL without
any extraction.
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Issue 4 – Emergency stop procedures

Issue 4 will be addressed with a “e-stop” system routed directly to the operators control station that will automate 
and abort sequence. Additionally, software controls can be added for non-emergency situations.

Red = Connected to e-stop

Green = New component
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Order of Operations

Initial nitrogen purge and regulator setpoints:

1. Start extraction

2. Switch supply 3-way valve to nitrogen

3. Enter lab and close both manual ball valves on low-flow panel

4. Ensure pneumatic lines connect to valves and pneumatics are on

5. Exit lab and ensure manual dump valve is closed

6. Ensure pneumatic lines connect to valves and pneumatics are on

7. Open manual fill ball valve on supply side

8. Open nitrogen bottle

9. On control station run “supply regulator set” opening the two pneumatic valves on the supply panel

10. Set supply regulator to target pressure

11. Stop the process to return both pneumatic valves to closed

12. Close nitrogen bottle

13. Open the manual dump valve and close after venting complete

14. Enter lab and open manual ball valve on the supply side of the low flow panel

15. Exit the lab and open the nitrogen bottle

16. On control station run “low flow panel regulator set” opening the in-line pneumatic valve on the supply panel and the two pneumatic valves on the low flow panel

17. Adjust the regulator set point to target pressure

18. Open the experiment side manual ball valve on the low flow panel to purge the jet into the extraction, close after 5 seconds.

19. Exit the lab and close the nitrogen bottle

20. On the control station stop the process. The system should be purged and vented.
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Order of operations

Running experiment:

1. Assume initial nitrogen purge has just been completed

2. Ensure both manual ball valves on supply panel are closed

3. Switch 3-way valve on supply to hydrogen bottle, ensure bottle valve is closed before this is done

4. Open hydrogen bottle

5. Set experiment duration

6. On control station run “Start experiment run” opening the in-line pneumatic valve on the supply panel 
for 3 seconds before opening the in-line pneumatic valve on the low flow panel for the specified 
duration

7. After the experiment conclusion the supply side in-line pneumatic valve will close, waiting for 3 
seconds before closing the low flow panel in-line pneumatic valve

8. Close the hydrogen bottle

9. Open the manual dump valve on the supply panel, wait for vent and then close
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Order of operations

Shutdown procedure:

1. Swap 3-way valve on supply panel to nitrogen bottle

2. Open the nitrogen bottle

3. On control station run “nitrogen purge” opening the in-line pneumatic valves on 
the supply and panel and low flow panel for 3 seconds before closing

4. Close the nitrogen bottle

5. Open manual dump valve on supply panel, wait for vent, then close

6. Close the manual fill valve on supply panel

7. Enter lab and close both manual ball valves on the low flow panel

8. Exit lab and stop extraction
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Order of operations

Emergency stop mid run:

1. Press e-stop

2. Wait for vent of system

3. Close hydrogen bottle

4. Open manual dump valve on supply panel wait for vent and then close

5. Close manual fill valve on supply panel

6. Switch 3-way valve to nitrogen bottle

7. Open manual fill valve on supply panel

8. On control station run “nitrogen purge” opening the in-line pneumatic valves on the supply and panel and low flow 
panel for 3 seconds before closing

9. Close the nitrogen bottle

10. Open manual dump valve on supply panel, wait for vent, then close

11. Close the manual fill valve on supply panel

12. Confirm hydrogen levels on leak detector at acceptable levels before entering lab and close both manual ball valves 
on low flow panel

13. Exit lab and stop extraction
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