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A look inside the HR2 burn chamber



OSU Test Method

14CFR25.853(d)

• Added in 1986

• Current FAR - Appendix F Part IV 

• Applicable to interior exposed surfaces 

greater than 144 square inches 

• Measures heat release as a function of time

• Test code: HR

• Reproducibility challenges persist

• Specification does not tightly control some 

key parameters

• Decades of certification data in use

*Presented June 2012

OSU Boeing 
Everett Lab
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HR2 - Next Generation OSU

Anticipated Improvements

• Repeatability driven by design and cal changes

• Reproducibility increased via spec controls

• Cross industry variation greatly reduced

Design and Other Changes

• Elimination of cooling flow / inner chimney

• Insulation / metal wall specification changes

• Coupon location in chamber specified

• Air and methane flows controlled via MFCs

• Single lower Tcouple - DAQ correction

• HFG calibration / limit changes (3.65 W/cm2)

• Methane calibration and cal factor correction

• Multiple additional procedural changes

*Presented October 2016

Marlin HR2 FAA 

TC Lab
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HR2 Development Goal and Status

 HR2 Goal: Define a robust method to determine peak and total heat release  

that improves repeatability and reproducibility when compared with OSU

History / Status

 NASA Technical Readiness Level (TRL) model adopted

 TRL 4 - Robustness completed - calibration factor variation < 5%

 TRL 5 - Repeatability completed - CoV improvement demonstrated

 HR2 development is in TRL 6 - Reproducibility

– Individual coupon type CoV and ANOVA evaluation

– Success criteria will be determined by the OSU / HR2 task group*

* Key members: Mike Burns (FAATC), Martin Spencer (MarlinEngineering), Mike Schall (Deatak), Jan Christian 

Thomas (Airbus), Yaw Agyei (Boeing BR&T), Kent Wenderoth (Herb Curry), Hiroaki Fujioka (Chemitox)
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HR2 Tailored TRL Development Model

TRL 6 - Reproducibility - variation in measurements taken on the same 

specimens under the same conditions using different machines.

Gate 6 / Enter TRL 7: Individual coupon type CoV and ANOVA evaluation

TRL 7 - Range - demonstrated ability to test a range of coupon materials and 

configurations. Establish pass/fail criteria for HR2 total and peak heat release.

Gate 7 / Enter TRL 8: Results over a range of specimen types that are 

consistent with OSU empirical results.

TRL 8 - Documentation - Final drawings and methods released, equipment 

“qualified” through test and demonstration. Documented test guidance finalized.

Gate 8 / Enter TRL 9: Final unit drawings and test methods released.

TRL 9 - Round Robin - multiple production units performance verified by 

successful round-robin testing.

Gate 9 / Completion: Individual coupon type reproducibility verified on 

multiple production units.
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Boeing HR2 – Status Update
 Marlin HR2 unit installed in Seattle Flam lab

 Primary operator is Yonas Behboud

 Sierra and Alicat MFC’s connected and 

functional

 Air pressure is measured in two locations

o MFC exit – 11.1 inches of water

o Lower plenum – 12.2 inches of water

 Pressures and operating parameters are 

aligning with the FAA TC data

Marlin HR2, 
Boeing Seattle 

Flammability Lab
MFC Exit 

Lower 

Plenum



7

Boeing HR2 – Status Update

 Recent change to 3-liter methane calibration flow 

location:

o Was: Upper Pilot Burner

o Is: Lower Pilot – New T-Burner*

 Software and hardware updated to accommodate 

changes

 New T-burner purchased from Marlin Engineering 

and installed

 Operating parameters data sets gathered per 

Chapter A4 updated document (March draft) for both 

MFCs (30 – Sierra, 15 – Alicat)

o Average Baseline Gas Temperature

o Thermal Stability Temperature (TST)

o Calibration Factor

*Rationale explained in M. Spencer’s presentation
New T-burner, 3 Liter Methane Flow

Upper Pilot 
Burner
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Chapter A4 - Operating Parameter Updates

Prior Ranges 

(Ref. Only)



Sierra Operating Parameter Data - Baseline
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Sierra Operating Parameter Data – TST Stability
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Sierra Operating Parameter Data – Cal Factor
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Sierra MFC - Operating Parameter Data

 Average Baseline Gas Temperature is within range (277oC)

 Thermal Stability Temperature is within range (377oC)

 Calibration Factor is outside of range (below low end by 1.23)

 Delta T is outside of range (over high end by 5oC)

275 -295

New Spec

360 - 380

19 - 21

85.3 - 94.3

• Adjusted Calibration Factor Mean 18.04
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Alicat Operating Parameter Data - Baseline
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Alicat Operating Parameter Data – TST Stability

14



Alicat Operating Parameter Data – Cal Factor
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Alicat MFC - Operating Parameter Data

 Average Baseline Gas Temperature is outside of range (below low end by 1oC)

 Thermal Stability Temperature is within range (374oC)

 Calibration Factor is outside of range (below low end by 1.27)

 Delta T is outside of range (over high end by 5oC)

275 -295

New Spec

360 - 380

19 - 21

85.3 - 94.3

• Adjusted Calibration Factor Mean 18.00
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TRL 7 – Plan

• Test 10 coupons each on 1 - OSU (‘golden unit’) and 1 - HR2 unit

• Thank you to those who are supporting this activity!



Anticipated Schedule

Next Steps

Boeing HR2 Delivery and Installation Complete

Boeing HR2 Unit Response Experiment In Progress

Boeing HR2 Airflow Evaluation (MFC, Sonic Choke) May 2024

Boeing HR2 TRL 6 Testing and Data Analysis Complete June 2024

Herb Curry Delivery and Installation In Progress

Herb Curry Unit Response Experiment June 2024

Herb Curry TRL 6 Testing and Data Analysis July 2024

Chemitox HR2 Delivery and Installation Complete

Chemitox HR2 Unit Response Experiment TBD

Chemitox TRL 6 Testing and Data Analysis Complete TBD

Airbus HR2 Upgrades TBD

TRL 7 TBD

18



Burning Questions?

19



Baseline TST Delta T Cal. Factor Lower Plenum Static Pressure (inwc) Line Static Pressure (inwc) Lab Temp (Deg F)

Run 1 291 388 97 18.48 12.2 11.45 69

Run 2 289 386 97 18.46

Run 3 288 388 100 17.89

Run 4 289 387 98 18.33

Run 5 290 387 97 18.46

Run 6 290 387 97 18.43

Run 7 289 387 98 18.20

Run 8 289 387 97 18.41

Run 9 289 387 98 18.22

Run 10 287 387 100 18.00

AVG 289 387 98 18.29

STDEV 1.1 0.6 1.1 0.2

% STDEV 0.4% 0.1% 1.1% 1.1%

275 -295

New Spec

360 - 380

19 - 21

85.3 - 94.3

Operating Parameter Data – FAA TC Comparison

<FAA TC Data: Marlin HR2 – Alicat MFC (Boeing Alicat Data)>

 Lower plenum pressure 12.2 in H2O (Boeing 12.2 in H2O) 

 Average Baseline Gas Temperature 289oC (Boeing 276oC) 

 Thermal Stability Temperature is within range 387oC (Boeing 375oC) 

 Delta T is 98oC (Boeing 99oC)

 Calibration Factor is 18.29 (Boeing 18.02)
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Operating Parameter Data – FAA TC Comparison

<FAA TC Data: Marlin HR2 – Sonic Choke (Boeing Alicat Data)>

 Lower plenum pressure 12.2 in H2O (Boeing 12.2 in H2O) 

 Average Baseline Gas Temperature 289oC (Boeing 276oC) 

 Thermal Stability Temperature is within range 386oC (Boeing 375oC) 

 Delta T is 97oC (Boeing 99oC)

 Calibration Factor is 18.52 (Boeing 18.02)

275 -295

New Spec

360 - 380

19 - 21

85.3 - 94.3


