GTR#13 Phase 2 Proposal for Fire Test

South Korea
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Figure 7. Temperature profile of fire test
(from Fire Test Working Draft 03122021)




Background

Temperature - based Test Condition Evaluated

4 )
« GTR#13 Phase 1 utilizes temperature-based fire test condition Table 2
Criteria for Acceptance of Localized and Engulfing Burners using
« GTR#13 Phase 2 added HRR per unit area condition of burner to Alternative Burner Configurations
Fire Allowable Allowable Allowable
ex | St| n g & a d d |t | Oona I tem p con d |t| ons Stage Temperature Range on Temperature Temperature Range
Bottomn of Container Range on Sides on Top of
of Container Container

* Most important in PASS/FAIL fire tests is actual heat energy/flux |} P 0 | 1o9°¢ T <0<

applied to test specimen (NOT temp) TMRioc < 700 °C
Engulfing TBexc > 600 °C 260 °C < TUrgc < 750 °C
« At LOW heat flux, surface temperature may be high enough to e
show thermal degradation, but thermal wave cannot penetrate Allowable Range of Operation and The Proposed Settings
. For The Prescribed Burner
due to not enough heat energy (temp NOT rellable) Fire Stage Allowable Range of Proposed Setting of
Specific Heat Release Specific Heat
+ In many fire tests, the importance of energy-based approach Rate (HRR/4) Release Rate
has been considered (e.g., room corner test, cone calorimeter Localized Bumer 530.360 T2 20T
test, etC,) Engulfing Burner 395-760 kW/m? 685 kW/im?
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Analysis (1)

Actual Heat Energy Applied to Specimen Surface

7

« Energy Balance Equation at Surface:

Net energy applied to surface (energy storage, & )& Applied heat energy (AL_) - Loss (4. )y

Applied Heat Energy: i°®  n®  n#°
« Convection:n® 8 gy Y

« Radiation: n° QO ¢ %ﬁ , configuration, soot concentration, radiative fraction, fuel velocity, premixing,
etc.) > hard to control with 3Jy only

Compressed




Analysis (2)

Effect of Radiative Fraction in GTR#13 Fire Test

« FDS modeling results of GTR#13 fire test with 1.8 m long CHSS Tank
v TPRDs are place at each end; therefore, flame was placed at center

v Radiative fraction of the fire is changed from 0.3 to 0.1

v For FRP composite (~20mm thick), this may alter PASS/FAIL

v Total Heat flux at surface reduces from red to green during local fire (70 to 30 kW/m?, see below)
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Proposal

Setting - up for High R&R Fire Test

( )
« To address repeatability (test-to-test) & reproducibility (lab-to-lab) of GTR#13 fire test, we need to

set consistent fire test conditions throughout
* In the current working draft, we have temperature data & HRR/area (burner) data to match

* Need to fix radiative heat/energy transfer condition to sample surface > utilize heat flux
measurements

« Why? Cannot control all the variables that may affect flame radiation to sample surface
v E.qg., Different laboratories have different source of LNG (variation in composition)

« Make heat flux measurements (total & radiative) during pre-test checkout and/or before each test:
6.2.5.1.4.5 Pre-test Checkout Process

Table 2¢

Criteria for Acceptance of Localized and Engulfing Burners using

Alternative Burner Configurations Allowable H ea-t FI UX
Fire Allowable Allowable Allowable Range on Bottom & Sides

Stage Temperature Range on Temperature Temperature Range =
Bottom of Container Range on Sides on Top of & TO p Of CO ntal n er

of Container Container

Localized | 450 °C < TBroc < 700 °c | TMFroc < 700 °C | 100 5¢ < TUzoe < 300 °C Measurements from RR

and

TMRioc < 700 °C

Engulfing TBexg > 600 °C 260 °C < TUpqc < 750 °C Measurements from R R




Appendix (1)

Other Fire Tests Considering Energy - based Test Conditions

p
¢ Cone Calorimeter (ASTM E 1354, I1SO

5660)

v Bench-scale test for material
flammability (used for
fundamental research &
regulations)

to fix thermal condition

v' Although temperature is set,
applied heat flux level is
checked via calibrated heat
flux gauge (total )

v Why? Temperature setting
does not always result in same
heat flux level

v Cone heater temperature is sef
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