
Template Ref: QS00049-4

This Presentation and any attachments may contain information which is confidential, proprietary, privileged or 
otherwise protected by law. Any unauthorised copying, disclosure of the material is strictly forbidden.  Thank you for 
your compliance.

www.resonatetesting.com

T: +44 28 9073 6390 Company No: NI634844

Olivia McAvoy
Resonate Testing

Continued evaluation of Carlin and 
Sonic Burner calibration equivalences

International Aircraft Systems Fire Protection Virtual Forum
2021-04-21



Template Ref: QS00049-4

This Presentation and any attachments may contain information which is confidential, proprietary, privileged or 
otherwise protected by law. Any unauthorised copying, disclosure of the material is strictly forbidden.  Thank you for 
your compliance.

www.resonatetesting.com

T: +44 28 9073 6390 Company No: NI634844

Premise: 

• To build on and add knowledge from previous studies

• Aim to achieve data that is comparable and consistent with other test house facilities/labs

• To give our experience on burner repeatability

Overview:

• Build of Carlin and Sonic burners used (including sonic burner modifications)

• Sonic burner modification

• Equipment used

• Comparison of calibration data for Carlin and Sonic Mod 3

• Comparison of panels tested with Carlin and Sonic Mod 3

• Comparison of temp mapping with Carlin and Sonic Mod 3

• Comparison of all Sonic Mod 3 data so far…

• Conclusions and future work

Premise- why are we doing this study?
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Carlin 200 CRD

Engineering report 3A
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Innovative R&D- Sonic Burner Modification – Classified as Mod 3
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TC Rake – Temperature Calibration

• 7 type K thermocouples
• 1-inch apart (25mm)
• 1-inch above centreline
• 4-inches away from cone
• 3mm external sheath
• 4-6mm exposed tip
• 24 AWG (0.5mm) wire

• Compliant with BS EN 60584.1 Pt4 Class 1  → 375°C to 1000°C  ±0.004 . |t| → ± 40°C 
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Copper Tube – Heat flux Calibration

Tube centreline 1” above burner cone centreline

• 500 lb/hr, 1 US gallon, 3.8 litre per minute flow water 
• 50-71°F input temp,
• minimum of 9°F  temperature increase required
• Din 1/10 sensor, ±0.03°C accuracy

RTD’s for temp measurement offer a 
better solution than Glass bulb 
thermometers if installed correctly
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Carlin vs Sonic Burner trials- Flame Temperature Comparison

ITP0014 D0014 Carlin burner fuel pressure ~95psi                                              Fuel flow rate: 2.1 usgph

ITP0014 D0015 Sonic burner fuel pressure ~ 152psi, air pressure ~78psi

Fuel flow rate: 2.7 usgph

Temperature 
(°F)

Average 2024

Min 1860

Max 2102

Temperature 
(°F)

Average 1869

Min 1500

Max 2004
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Carlin vs Sonic Burner trials- Heat Flux Comparison

ITP0014 D0014 Carlin burner fuel pressure ~95psi                                           

Fuel flow rate: 2.1 usgph

• Heat Flux (BT)

ITP0014 D0015 Sonic burner fuel pressure ~ 152psi, air pressure ~78psi     

Fuel flow rate: 2.7 usgph

Heat Flux 
(BTU/hr)

Average 4803

Min 4506

Max 4961

Heat Flux 
(BTU/hr)

Average 4789

Min 4511

Max 4880
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Panel burn preliminary Result

UUT Serial Number: 20-010/3/C
Test duration: 1 minute
Flare up on UUT ~ 5 seconds after test start
Burning at edges of UUT
Bubbling on aft face 
Outgassing on aft face ~ 45 seconds after test start

UUT Serial Number: 20-010/3/B
Test duration: 1 minute
Flare up on UUT ~ 5 seconds after test start
Burning at edges of UUT
Bubbling on aft face 
Outgassing on aft face ~ 43 seconds after test start
After burn for ~1 second after flame removed from UUT

*Panels returned assessment to CTL*
Awaiting further material analysis

Carlin Sonic
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11 TC Map – 1” vertical Increments & 1” TC spacing

transitioning 
rake with 1” 
increments.
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Baseline Assessment – 1” Map- Carlin Trials

Date: 2019-04-03
Fuel: 125 psi

Date: 2020-09-22
Fuel: 95 psi



Template Ref: QS00049-4

This Presentation and any attachments may contain information which is confidential, proprietary, privileged or 
otherwise protected by law. Any unauthorised copying, disclosure of the material is strictly forbidden.  Thank you for 
your compliance.

www.resonatetesting.com

T: +44 28 9073 6390 Company No: NI634844

Baseline Assessment – 1” Map- Sonic Trials

Sonic Mod 3 trial 29
Fuel pressure: 125psi
Air pressure: 60psi

Sonic Mod 3 trial 30
Fuel pressure: 145psi
Air pressure: 56psi

Sonic Mod 3 trial 31
Fuel pressure: 150psi
Air pressure: 65psi

Sonic Mod 3 trial 32
Fuel pressure: 152psi
Air pressure: 78psi
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Previous 1” Map- Sonic Trials-

Round 3
FP: 145
AP: 56

Round 2
Fuel: 125
Air: 60
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Summary of Burner Calibration Data

Fuel: 95 Fuel: 152
Air: 78

Fuel: 125
Air: 60

Fuel: 145
Air: 56

Fuel: 150
Air: 65

Fuel: 152
Air: 78

Carlin Sonic

Pressures in psi
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Burn # Burner /
Config.

Fuel and Air 
Pressure (psi)

Pre-Test Avg.
Temp. (°F)

Pre-Test Avg. 
Heat Flux 
(BTU/hr)

Post-Test Avg.
Temp. (°F)

Post-Test Avg. 
Heat Flux 
(BTU/hr)

Carlin Panel #1 Carlin FP: 95
AP: N/A

2024 4803 2020 4748

Sonic Panel #1 Sonic Mod 3 FP: 152
AP: 78

1869 4789 1857 4849

Sonic Trial 29 Sonic Mod 3 FP: 125
AP: 60

1759 4341 1748 4435

Sonic Trial 30 Sonic Mod 3 FP: 145
AP: 56

1808 4740 1805 4728

Sonic Trial 31 Sonic Mod 3 FP: 150
AP: 65

1825 4828 1852 4891

Sonic Trial 32 Sonic Mod 3 FP: 152
AP: 78

1867 4852 1871 4842

Summary Table of Data
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Previous Sonic Mod 3 Burner Rounds

Round 2             Round 3

Fuel: 141psi  
Air: 65psi

Fuel: 125psi  
Air: 50psi

Fuel: 150psi  
Air: 65psi

Round 2 Round 3
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Comparison of data from all trials – Sonic Mod 3

Fuel: 150
Air: 65

Fuel: 125
Air: 60

Fuel: 141
Air: 65

Fuel: 145
Air: 56

Fuel: 152
Air: 78

Round 2 Round 3 Round 4

Fuel: 150
Air: 65

Fuel: 125
Air: 50
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Summary of Carlin Calibration Data

Fuel pressure ranging from 80 psi to 120psi

Round 1 Round 2 Round 3
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Summary of Sonic Config 1 [FAA]

Round 1 Round 3

Fuel: 100psi   Air: 50psi
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• From our studies so far, it has been difficult to replicate the flame calibrations that readily achievable with 
the Carlin burner.  This is particularly true for the flame temperature.

• With a significantly higher fuel pressure, in comparison to the Carlin burner, the Sonic burner struggles to 
reach flame temperature. In all but two trials, it failed to reach a minimum average of 2000°F.

• The Sonic burner uses approximately 21% more fuel than the Carlin when trying to achieve the 2000°F. This 
fuel is not being fully combusted and therefore is failing to make the flame hotter and which causes heavy 
sooting. 

• The question also remains: what is happening the unburnt fuel? Is it being deposited on to the UUT and 
causing burn on when the burner is removed?

• Trials run so far show that there is difficulty reproducing the flame calibration parameters even when 
similar fuel and air pressure inputs are provided. This is true for various modifications of the sonic burner.  

• When comparing the burner maps produced by each burner, the sonic map often leans to the right-hand 
side, there is a ‘hot spot’ in the flame.  The carlin burner allows for adjustment of the turbulator orientation 
and this in turn allows for the swirl pattern of the flame to be changed in order to increase fuel and air 
mixing and allowing the flame to ‘fill’ the burner cone.  The Sonic burner does not allow for that adjustment 
at the moment.

Main Observations
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• Continue to work on the Sonic burner modification, possibly to be able to adjust the turbulator so swirl can

be added to the flame. This could provide a more uniform flame and burner map and may allow for flame

temperature calibration to be achieved.

• Continue to work on Sonic burner repeatability

• Continue to work with different Sonic burner modifications with the aim to achieve a burner configuration

that can provide a ‘standard flame’ and equivalent damage to the test item

• Conduct more tests on composite panels, with further material assessments from CTL to ascertain

equivalent damage

• Work with other labs/test house facilities to share and build on knowledge

Future Work
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Thank you for listening

Questions…

oliviamcavoy@thenacellegroup.com


