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Premise
Comparison of existing and new Burners carried out to add to the body of knowledge 
and increase consistency between labs for powerplant/systems testing aiding in 
providing direction for future trials.

Presentation overview
• Background and introduction

• Burner set up and configuration

• Comparative calibration data

• Temperature and Heat transfer mapping – Flame Characterisation

• Aluminium strip Burnthrough

• Conclusions and future work

Premise – why are we doing this study? 
Presentation overview
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BACKGROUND AND INTRODUCTION
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• This next-generation (Sonic) burner was developed mainly to provide industry with an alternative to the 
currently accepted burner apparatus 

• The Sonic burner can be considered a direct replacement to the Park-manufactured burner, with several 
key improvements.

• The Sonic burner is based on the same operating principle as the Park DPL 3400, using the same, or very 
similar, internal components to avoid drastically changing the overall character of the flame.

• The main difference is the elimination of the electric motor, which provided power to the fuel pump and 
blower fan in the Park-manufactured burner.

• In the Sonic burner, these functions have been replaced with regulated and conditioned compressed air 
and a pressurized fuel delivery system. 

• Compressed air, when metered with a sonic orifice and conditioned to remove heat and moisture, proves 
to be more consistent over extended periods of time than to using a shaft-driven blower and laboratory 
air for the burner, thus increasing the repeatability of the Sonic burner.

• Sonic fuel delivery is provided by applying a head pressure of nitrogen gas on liquid fuel contained in a 
pressure vessel. This new method eliminates any fluctuations that were previously experienced with the 
electric motor and shaft-driven fuel pump typical of the Park-manufactured burner.

May 2009 DOT/FAA/AR-TN09/23 Robert. I. Ochs

What is the Sonic Burner?
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What burner options does the powerplant 
community have, currently?

• Stewart warner HPR 250 - this burner is no longer available

• Stewart warner FR-650 - this burner is no longer available

• Carlin 200 CRD - this model is no longer available

• Lennox OB-32 - this is burner is no longer available

• Park DPL 3400 – this is burner is no longer 
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Date Trial

16-Jul-18 T1 - Carlin 1

16-Jul-18 T2 - Sonic FAA 1

16-Jul-18 T3 - Sonic FAA 2

16-Jul-18 T4 - Sonic FAA 3

16-Jul-18 T5 - Sonic FAA 4 Temp Map

16-Jul-18 T6 - Sonic FAA 5 Temp Map

16-Jul-18 T7 - Sonic FAA 6

17-Jul-18 T8 - Carlin 2

17-Jul-18 T9 - Carlin Panel 3 pre burn

17-Jul-18 T10 - Carlin Panel 4 post burn

17-Jul-18 T11 - Carlin 5

17-Jul-18 T12 - Carlin 6

17-Jul-18 T13 - Carlin 7

18-Jul-18 T14 - Carlin 8

18-Jul-18 T15 - Sonic Mod 1

18-Jul-18 T16 - Sonic Mod 2

18-Jul-18 T17 - Sonic Mod 3 Temp & BTU/hr Map

Trial Summary - Set one – July 2018
19-Jul-18 T18 - Sonic Mod 4 Temp Map

19-Jul-18 T19 - Sonic Mod 5 pre burn

19-Jul-18 T20 - Sonic Mod 6 post burn

19-Jul-18 T21 - Sonic Mod 7 Temp Map

19-Jul-18 T22 - Sonic Mod 8 pre burn

19-Jul-18 T23 - Sonic Mod 9 post burn

19-Jul-18 T24 - Sonic Mod 10 Temp Map

19-Jul-18 T25 - Sonic Mod 11

19-Jul-18 T26 - Sonic Mod 12

19-Jul-18 T27 - Sonic Mod 13 pre BTU/hr Map

19-Jul-18 T28 - Sonic Mod 14 post BTU/hr Map

20-Jul-18 T29 - Sonic Mod 15 Temp Map

20-Jul-18 T30 - Sonic Mod 16 burn

20-Jul-18 T31 - Sonic FAA 7 Temp Map

20-Jul-18 T32 - Sonic FAA 8

20-Jul-18 T33 - Sonic FAA 9

20-Jul-18 T34 - Sonic FAA 10

21-Jul-18 T35 - Carlin 9

21-Jul-18 T36 - Carlin 10

21-Jul-18 T37 - Carlin 11

21-Jul-18 T38 - Carlin 12 pre BTU/hr Map

21-Jul-18 T39 - Carlin 13 post BTU/hr Map

21-Jul-18 T40 - Carlin 14

More than 40 trials conducted 
over 6 days of testing:

• Carlin x 14

• Sonic FAA Config1 x 10

• Sonic Mod. Config2 x 16
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Trial Summary - Set two – April/May 2019

More than 12 trials conducted 
over3 days of testing:

• Carlin x 5

• Sonic FAA Config1 x 0

• Sonic Mod. Config2. x 2

• Sonic Mod. Config3. x 6

Date Name

02-May-19 T1 - Sonic Mod Config2 - R2

02-May-19 T2 - Sonic Mod Config2 - R2

02-May-19 T4 - Sonic Mod Config3 - R2

03-May-19 T5 - Sonic Mod Config3 - R2

03-May-19 T6 - Sonic Mod Config3 - R2

03-May-19 T4 - Sonic Mod Config3 - R2

02-May-19 T5 - Sonic Mod Config3 - R2

03-May-19 T6 - Sonic Mod Config3 - R2

03-Apr-19 T7 - Carlin - R2

03-Apr-19 T8 - Carlin - R2

03-Apr-19 T9 - Carlin - R2

03-Apr-19 T10 - Carlin - R2

03-Apr-19 T11 - Carlin - R2
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Trial Summary - Set three – July/Aug 2019

More than 28 trials conducted 
over 6 days of testing:

• Carlin x 8

• Sonic FAA Config1 x6

• Sonic Mod. Config2 x 8

• Sonic Mod. Config3 x 8

Date Time Burner Configuration

25 July 2019 T1 - Carlin - R3
26 July 2019 T2 - Carlin - R3
29 July 2019 T3 - Carlin - R3
29 July 2019 T4 - Carlin - R3
29 July 2019 T5 - Carlin - R3
29 July 2019 T6 - Carlin - R3
29 July 2019 T7 - Carlin - R3
29 July 2019 T7 - Carlin - R3
29 July 2019 T8 - Carlin - R3
29 July 2019 T8 - Carlin - R3
01 August 2019 T9 - Sonic FAA Config1 – R3
02 August 2019 T10 - Sonic FAA Config1 – R3
02 August 2019 T11 - Sonic FAA Config1 – R3
02 August 2019 T12 - Sonic FAA Config1 – R3
02 August 2019 T13 - Sonic FAA Config1 – R3
02 August 2019 T14 - Sonic FAA Config1 – R3
05 August 2019 T15 -Sonic MOD Config2 – R3
05 August 2019 T16 -Sonic MOD Config2 – R3
06 August 2019 T17 -Sonic MOD Config2 – R3
06 August 2019 T18 -Sonic MOD Config2 – R3
06 August 2019 T19 -Sonic MOD Config2 – R3
06 August 2019 T20 -Sonic MOD Config2 – R3
06 August 2019 T21 -Sonic MOD Config2 – R3
06 August 2019 T22 -Sonic MOD Config2 – R3
07 August 2019 T23 - Sonic MOD NEW Config3 – R3
07 August 2019 T24 - Sonic MOD NEW Config3 – R3
07 August 2019 T25 - Sonic MOD NEW Config3 – R3
07 August 2019 T26 - Sonic MOD NEW Config3 – R3
07 August 2019 T27 - Sonic MOD NEW Config3 – R3
07 August 2019 T28 - Sonic MOD NEW Config3 – R3
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BURNER SETUP AND CONFIGURATION
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Carlin 200 CRD

Engineering report 3A
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Sonic – Configuration 1 [FAA]

FAA FIRE TEST HANDBOOK - Chapter 7 configuration
Supplied by Marlin Engineering

Fuel Nozzle
FAATC data from presentations (as late as 2017):

2.0 gph 80°B Delevan nozzle, 100 psi fuel, 40/50 psi air
FAATC config Resonate used for this test:

2.0 gph 80°W manufacturer nozzle – semi solid pattern, 
100 psi fuel, 50 psi air

Ignitorless stator
Muffler foam retained with wire
Turbulator – no flame retention head
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Objective: Produce 
temperature and heat flux 
output data which 
demonstrate the modified 
Sonic burner can replicate 
Carlin conditions - i.e. 
Sonic can be calibrated 
according to AC20-135 
guidance using the same 
equipment to produce 
similar results to a 
traditional oil burner.

Sonic Burner Modification – Configuration 2

Added Carlin type turbulator 
on fuel nozzle fitting 

Danfoss 80°H 2.0 GPH

Muffler foam was removed

– Hollow pattern
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Sonic Burner Modification – Configuration 3

Added Carlin type turbulator 
on fuel nozzle fitting 

Monarch 80°PLP 2.25 GPH

Muffler foam was removed

– semi solid pattern
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COMPARATIVE CALIBRATION DATA



Template Ref: QS00049-3

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

Sonic FAA Configuration 1 (T5 – Sonic FAA R1)

Temp 
(°F)

Heat Flux 
(BTU/hr)

Avg 2033 4836

Min 1869 4509 

Max 2123 4938

Baseline Calibration Data (T1 - Carlin R1) 

Temp 
(°F)

Heat Flux 
(BTU/hr)

Avg 1734 3531

Min 1670 2342 

Max 1788 3832

Temp 
(°F)

Heat Flux 
(BTU/hr)

Avg 2021 4888

Min 1889 4501

Max 2116 5061

Sonic Mod Configuration 2 (T15 – Sonic Mod R1)

Fuel: 100psi   Air: 53psi

Fuel: 100psi   Air: 50psi

Fuel: 120psi  
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Sonic Configuration 1 (T14 – Sonic FAA R3)

Temp 
(°F)

Heat Flux 
(BTU/hr)

Avg 2035 4688

Min 1917 4490

Max 2129 4764

Baseline Calibration Data (T2 - Carlin R3) 

Temp 
(°F)

Heat Flux 
(BTU/hr)

Avg 1649 3458

Min 1445 3180

Max 1742 3536

032 Temp 
(°F)

Heat Flux 
(BTU/hr)

Avg 2032 4621

Min 1924 4544

Max 2124 4736

Sonic Mod Configuration 2 (T16 – Sonic Mod R3)

Fuel: 143.0psi   Air: 54.5psi

Fuel: 100psi   Air: 50psi

Fuel: 95psi  
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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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Summary of Sonic Mod Config 2

Round 1 Round 2 Round 3

Fuel: 147psi   Air: 62psi Fuel: 145psi   Air: 50psi
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Summary of Sonic Mod Config 3

Round 2 Round 3

Fuel: 141psi  
Air: 65psi

Fuel: 150psi  
Air: 65psi

Fuel: 125psi  
Air: 50psi
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TEMPERATURE AND HEAT TRANSFER 
MAPPING – FLAME CHARACTERISATION
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transitioning 
rake with 1” 
increments.

11 TC Map – 1” vertical Increments
& 1” TC spacing
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Transitioning 
rake with 1” 
increments.

11 TC Map – 1” vertical Increments
& 1” TC spacing- fire board/firewool
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Sonic – with new modifications – Config 3
Different fuel and air parameters
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Carlin vs Sonic – Config 3 – Round 2
- the same nozzle and similar turbulator

Sonic MOD Configuration 3Carlin
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Carlin vs Sonic – Config 3 – Round 3
- the same nozzle and similar turbulator

BURNER AIR PRESSURE: 56PSI FUEL:145PSI

Sonic MOD Configuration 3Carlin
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Sonic Mod Configuration 2 
- Effect of fuel and air pressure

BURNER AIR PRESSURE: 56PSI FUEL:112PSI

BURNER AIR PRESSURE: 50PSI FUEL:145PSI
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Heat Flux (BTU/hr) Map – 1” vertical Increments

Heat flux Mapping:  Copper tube 
transitioned in 1” increments vertically

Copper tube cleaned between levels

1” Spacing

At each level  : 1mins warm up 
was allowed and 3 mins of data 
recorded after this
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BTU/hr Mapping Summary – Round 1

T27 – Sonic Mod 3T7 – Sonic FAA 6T8 - Carlin 2

20215 BTU/hr19479 BTU/hr 17753 BTU/hr
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BTU/hr Mapping Summary – Round 2

T15 – Sonic Mod 3T10 – Sonic FAAT2 - Carlin

21639 BTU/hr19708 BTU/hr 16536 BTU/hr

Cal Avg: 4600 BTU/hrCal Avg: 3392 BTU/hrCal Avg: 4666 BTU/hr
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Sonic - Config 3

Cal Avg: 4721 BTU/hr

Cal Avg: 4784 BTU/hr
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ALUMINIUM STRIP BURNTHROUGH DATA
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Temperature and heat transfer calibrations  
-Effect on Burnthrough time 
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• Sonic can be modified from current configuration to achieve traditional burner like output

– Similar to work FAATC conducted with flame retention

– Can calibrate sonic burner according to current AC20-135 guidance and equipment

– Does not take advantage of the expected Sonic burner repeatability – but have we seen this?

• Tools developed to achieve greater understanding of burner outputs

– 2D HD temperature maps 

• with and without impingement surface

– BTU mapping

– All to better qualify burner flames for comparison during any research effort

• Ensure that we know where the hottest part of the flame is and the highest energy and relate that to 
calibration sensor location.

• For any given burner setup we might be able to establish useful expectations in terms of 
time to 4500 BTU/hr and peak value – will likely rely on more data than simply average.

• Do not draw major conclusions from shallow data sets. 

– We always need to assess the significance of our data. This is particularly important when talking 
about repeatability or reliability.

Summary of Main Observations
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• Additional mapping ideas/plate thermocouples/slug calorimeter/

• Composite panels?

• Other labs – variability 

• Repeatability data/statistical analysis

• Numerical tools to predict flame dynamics

• Understanding individual burner limitations and sources of variability

• Sensitivity study of burner parameters – could potentially further simplify set up

• Studying the modified Sonic Burner with off-the-shelf parts

Future Work:
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For further information on capabilities of Resonate Testing Ltd
please do not hesitate to contact:

Michael Thompson
General Manager
michaelthompson@nacellesystems.com
+44 2890 736390

www.resonatetesting.com

mailto:michaelthompson@nacellesystems.com
http://www.resonatetesting.com/

