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Definitions and abbreviations

Heat release rate
(HRR)

Specific heat release
rate (HRR/A)

Heat flux, aseee

Fire resistance rating
(FRR)

required by firemen
(EU HyResponse
project)

Heat release rate in a fire [kW]
(can easily be measured by
propane flow rate to a burner).

Heat release rate in a fire, HRR,
divided by area of fire source, A,
[KW/m?]

Heat flux on tank surface [KW/m?]
(not the same as HRR/A even
dimension is the same!).

Time from burner ignition until
contail ner Osfirerupt
(without TPRD or failed TPRD or
localised fire far from TPRD, e.qg.
smouldering fire)



Abbreviations

FRP - Fibre reinforced polymer

HDPE - High density polyethylene

IBP - Initial burst pressure

LNB - Leak-no-burst in a fire safety technology
NWP - Nominal working pressure

TPL - Thermal protection layer
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GTR#13 text amendments marking

The GTR#13 current text is corrected as follows:

A New added texti underlined green font
A Removed current text T crossed-outred-font

Ulster
University



h\4
lUIqter _
University

Engulfing fire:
fire resistance rating (FRR)
for first responders



Low probability high consequences event
Failed to be initiated or blocked TPRD

Fire brigades need to know time to tank rupture in a fire (FRR):
A London fire brigades: first responders arrival time is 5 min 34 s.

A This is comparable to FRR (see next slide).
A Firemen need to know FRR and parameters of blast wave and

fireball to develop intervention strategy and tactics.

e b " :

: m-(---;‘. S ! A ey

s p LWL
ofx“.-_b‘ _..(. - 3 :




Tank FRR drops with

o

CH4-air fire (CFD), HRR/A=0.291 MW/m?, Type IV tank
CH4-air fire (CFD), HRR/A=0.618 MW/m2, Type IV tank
C3H8 fire (CFD), HRR/A=1.63 MW/m2, Type IV tank
CH4-air fire, HRR/A=0.291 MW/mz, Type IV tank
CH4-air fire, HRR/A=0.618 MW/m2, Type IV tank

C3H8 fire, HRR/A=0.652 MW/mz2, Type Il tank
n-C7H16 pool fire, HRR=1.563 MW/mz2, Type IV tank
C3H8 fire, HRR/A=1.63 MW/m?, Type IV tank

n-C7H16 pool fire, HRR/A=4.271 MW/mz2, Type IV tank
HZ-air jet fires, HRR/A=7.45 MW/mz, Type IV tank
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Fire resistance rating, min
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Containers must be tested at severe (not mild!) realistic conditions.
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Engulfing fire:
effect of burner type
(no wind)



Temperature, oC

A CH4-air fire (CFD), HRR/A=0.291 MW/m2, Type IV tank
¥ CH4-air fire (CFD), HRR/A=0.618 MW/m?, Type IV tank
W C3H8 fire (CFD), HRR/A=1.63 MW/m2, Type IV tank
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O = |@ | W C3H8 fire, HRR/A=1.63 MW/m?, Type IV tank
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Temperature under the tank is GTR#13 compliant.
Fire resistant rating (FRR) is artificially high (15-25 min).
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c A CH4-air fire (CFD), HRR/A=0.291 MWimz, Type IV tank
£ ¥ CH4-air fire (CFD}), HRR/A=0.618 MW/m?, Type IV tank
B I n k r n r ] A| |m C3H8 fire (CFD), HRR/A=1.63 MW/m2, Type IV tank
920 A CHé-air fire, HRR/A=0.291 MW/m2, Type IV tank
= ¥ CH4-air fire, HRR/A=0.618 MW/mz, Type IV tank
© 15 A 4 C3HB8 fire, HRR/A=0.652 MW/m2, Type Ill tank
© N @ n-C7H16 pool fire, HRR=1.563 MW/m?, Type IV tank
o @ | W C3H8 fire, HRR/A=1.63 MW/m?, Type IV tank
% 10 4 n-C7H16 pool fire, HRR/IA=4.271 MW/mz, Type IV tank
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Temperature under the tank is GTR#13 compliant.
Fire resistant rating (FRR) is realistic (below 7 min, i.e.
| ess than duration of Al ocal.



Blanket burner: two different HRR/A
HRR/A=0.228 MW/m?2 HRR/A=1 MW/m?
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[ 590AC (GTR#13 min required) [ 1030AC [ ] 1230 AC



Pipe burner
Detalls of numerical experiments

A 5600 holes spaced uniformly at 20 mm. Hole D=1 mm.

A Propane injection velocities: 5.3 m/s (HRR/A=1 MW/m2),
1.2 m/s (HRR/A=0.228 MW/m?).

A Burner positioned at 0.15 m above the ground.

A Calculation domain: 6x6x4 m.

A Conjugate heat transfer to Type 3 tank (0.9x0.3 m).
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Pipe burner
Temperatures under the tank

Casel: HRR/A=0.228 MW/m? Case 2: HRR/A=1 MW/m?
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Temperature under the tank is GTR#13 compliant for
HRR/A=1 MW/m2 and either not compliant or at the limit
for HRR/A=0.228 MW/m?!



Pipe burner

Casel: HRR/A=0.228 MW/m?2 Case 2: HRR/A=1 MW/m?2

\

Temperatures:
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University 590AC (GTR#13 min required) [JJij 1030AC




- c 25 . A CHd-air fire (CFD), HRR/A=0.291 MW/mz, Type IV tank
F R R>20 m | n E = ¥ CHd-air fire (CFD), HRR/A=0.618 MW/m?, Type IV tank
A . W C3H8 fire (CFD), HRR/A=1.63 MW/m2, Type IV tank
o0 4 A CH4-air fire, HRR/A=0.291 MW/m2, Type IV tank
u r n e r O S = . ¥ CH4-air fire, HRR/A=0.618 MW/m?, Type IV tank
LT & C3H8 fire, HRR/A=0.652 MW/m2, Type Il tank
o . @ n-C7H16 pool fire, HRR=1.563 MW/mz, Type IV tank
2 &} . W C3H8 fire, HRR/A=1.63 MW/mz, Type IV tank
Case 1: HRR/A=0.228 MW/mM?2 o {j &l St i S
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Favourable conditions to pass fire test at lower HRR/A.
Not conservative approach with hidden higher risk of tank rupture.
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Text amendment No.1:
Enqgulfing fire



6.2.5.1. Fire test

N(c) The fire {RP&gasbumeropapeadl st
fire_ configured to produce the specific heat release rate,
HRR/A, not less than 1 MW/m?2 and a uniform minimum
temperature on the test article measured with a minimum 5
thermocouples covering the length of the test article up-te

LB eSO

Rationale: To ensure fire test reproducibility, to inform first
responders about conservative value of time to rupture, and
dismiss limit for burner and vessel size.



6.2.5.1. Fire test

n(f) As shown I n Figure 7 the
In the localized fire area has increased continuously to at least
300AC within 1 minute of ignition, to at least 600AC within 3
minutes of ignition, and a temperature of at least 600AC is

maintained for the next 7 minutes. Ihe—tempelcaiewe—m—the
localizedire-area-shall-netexceed-900AC during-this-period-0

Rationale: The upper temperature limit in the localised fire should
be relaxed, as the maximum temperature in a fire may easily
exceed 900°C and vary depending on fuel and burner HRR/A. This

| i mitation Ahelpso to pass currtr
a problem for customers and firemen in real life (fire).



6.2.5.1. Fire test

ié The mini mum tempelandthee |
maximum-temperature-shall-notexceed-1100-/C. 0

Rationale: The upper temperature limit in the engulfing fire
should be relaxed, as the maximum temperature in a fire

may exceed 1100°C and vary depending on fuel and burner
HRR/ A. This |1 mitation nhel p:
could create a problem in real life (fire).
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Table 2
Summary of fire test protocol

Engulfingfire region

Localizedfire region Timeperiod (Outside thdocalizedfire region)
Action Ignite Burners 0-1 minute No Burner Operation
Minimum temperature Not specified Not specified
~Maximum-temperature—|-Less-than- 90w Net-specified
Action Increase temperature and 1-3 minutes No Burner Operation
stabilize fire for start of
localized fire exposure
Minimum temperature Greater than 30C Not specified
Maximum temperatur Less than 90@ Not specified
Action Localized fire exposure | 3-10 minutes No Burner Operation
continues
Minimum temperature 1-minute rolling average Not specified
greaterthan600°C
I‘V‘In}\illlulll wperatdre 1‘III;IIUI.C IUHiﬁg avciayc I“IIUI. apcuiﬁcd
1-lessthan9ore—
Action Increase temperature 10-11 minutes Main Burner Ignited at 10 minutt
Minimum Temperature | 1-minute rolling average Not specified
greaterthan600°C
Maximum-temperature——i-minute-rolling-average Less-than-10@——
| lessthan1,100C

Action

Minimum temperature

Increase temperature ang

stabilize fire for start of
engulfing fire exposure

1-minute rolling average

greaterthan600°C

11-12 minutes

Increase temperature and stabil
fire for start of engulfing fire
exposure

Greater than 30C

—Maximum-temperature—]

~tminuterofting-average
Tlessthani;106€

tessthan1;10€

Action

Minimum temperature

Engulfing fire exposure

continues

1-minute rolling average

greaterthan800°C

12 minutes- end
of test

Engulfing fire exposure continue

1-minute rolling averagegreater
than 800C

—Meaximum-temperattre—|

—i-minute-rolling-average
{lessthan1;100C-

-mintte-rolling-averagtess-than
~1100C-




6.2.5.1. Fire test

NnThe test article 1s held at
condition) until the system vents through the TPRD and the
pressure falls to less than 1 MPa. In a separate fire test
without TPRD the fire resistance rating of a tank (elapsed
time from ignition of the fire to the tank rupture) should

be documented to I nform firs:i
strateqy and tactics (the specific heat release rate, HRR/A, of
the fire source should be documented as well).o0

Rationale: request of first responders (EU HyResponse project).



6.2.5.2. Engulfing fire test:

NA uni f or metie5mdengthgnovidesalirect flame
Impingement on the container surface across its entire
diameter. The specific heat release rate of a fire source,
HRR/A, should not be less than 1 MW/m?Z2.0

Rationale: To dismiss limit for burner and vessel size, and
ensure fire test reproducibility in different laboratories.



6.2.5.2. Engulfing fire test:

NnNThe contailt ner shall vent t hi
without bursting. In a separate enqulfing fire test without

TPRD the fire resistance rating of a tank (elapsed time from
Ignition of the fire to the tank rupture) should be

documented to inform fire fighters and first responders,

along with specific heat release rate, HRR/A, of the fire
source.o

Rationale: request of first responders (EU HyResponse project).
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Engulfing fire:
effect of wind



Table of wind velocities

Wind speed Description

< 1mph

< 0.5m/s Calm

1¢3 mph . .

0.5¢1.5m/s Light air

4¢7 mph Light breeze (HSL test,ase ). Wind felt on facejeaves
1.6¢3.3m/s rustle; wind vane moved by wind.

8¢12mph Gentle breezeCase 2. Leaves and small twigs in consta
3.4¢5.5m/s motion; light flags extended.

13¢18 mph

5.507.9m/s Moderate breeze

19¢24 mph Fresh breeze(fase § Small trees in leaf begin to sway;
8¢10.7m/s crested wavelets form on inland waters.

25¢31 mph

10.8:13.8m/s Strong breeze

32¢38 mph : :

13.9c17.1m/s High wind, moderate gale, near gale

39¢46 mph

17.2020.7m/s Gale, fresh gale

Source: https://en.wikipedia.org/wiki/Beaufort scale



https://en.wikipedia.org/wiki/Beaufort_scale

Blanket burner: wind 1.8 m/s

HRR/A=0.228 MW/m? HRR/A=1 MW/m?

Temperatures:

Ulster

University 590AC (GTR#13 min required) 1030/AC




Blanket burner: wind 1.8 m/s
GTR#13 non-compliant

HRR/A=0.228 MW/m?2 HRR/A=1 MW/m?
700 T 700 — "
., | GTR#13 min T requirement o, (GTR#13 min T requirement
500 | 500 |
g 2 -
g4oo g4oo
%300 | f1-CFD §300 | f1-CFD
£ | f2-CFD 5 i f2-CFD
= — 3-CF D = — {3-CFD
200 | GTR#13 min T under tank 200 | GTR#13 min T under tank
"~ Numerical test T T Numerical test T
\i\i\i\i\i\i\i\i\i\i\i\\\\\\\\\ \i\i\i\i\i\i\i\i\i\i\i\\\\\\\\\
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Time, sec Time, sec

In wind conditions (<1.8> m/s, Buxton, UK) GTR#13 minimum
temperature requirements are not satisfied: temperatures
under the tank are close to ambient 20AC!



Blanket burner: performance in wind
Remarks

A Blanket burner of investigated size 500x1200 mm
perf ormance I n a wind of or
minimum GTR#13 temperature requirements (even with
HRR/ AO1 MW/ m

AOnly Ano windo facilities ¢
satisfy GTR#13 temperature requirements.
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Pipe burner: performance in wind
Three different wind speeds

A Wind 1: Propane flow rate «x>=1589 NL/min, & =48.54 g/s,
HRR=2.25 MW. HRR/A=1 MW/m?. Wind speed 1.8 m/s.

A Wind 2: Propane flow rate «>=1589 NL/min, & =48.54 g/s,
HRR=2.25 MW. HRR/A=1 MW/m?. Wind speed 5 m/s.

A Wind 3: Propane flow rate w=1589 NL/min, & =48.54 g/s,
HRR=2.25 MW. HRR/A=1 MW/m?2. Wind speed 10 m/s.

™
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Pipe burner: wind 1.8 m/s (Wind 1)

=0.228 MW/m?

HRR/A HRR/A=1 MW/m?
C :
///////W ’///// «"//;’////(//U)},}/:///?///////
Ulster
. v 590AC (GTR#13 min required




Pipe burner: wind 1.8 m/s (Wind 1)

Temperatures under tank (simulation)

HRR/A=0.228 MW/m? HRR/A=1 MW/m?
— f1-25 mm under tank bottom (CFD)
2200 ‘ ‘ ‘ ‘ 2200 —— f2-25 mm under tank bottom (CFD)
2000 — ~ f1-25mm under tank bottom (GFD) 2000 T SRS rmin T undor tank r(T;rgCE#i)r)] )
s — £2-25 mm under tank bottom (CFD) s gulting
1800 — = £3-25 mm under tank bottom (CFD) | 1800 — 1] |
%) 1600 GTR#13 min T under tank (engulfing) - O 1600 ” |
g 1400 — | | g 1400 — ‘ ‘ T
31200 [ 31200 —
© N © _
21000 1 T | g1000i
£ 800 — Vit | 2 800 M
B LA ‘ ‘ \ [ () l !
2 600 — — i ~ 600 — ]
400 — S ) 400 1K
200 s 200 — L}
B | - f
0 | | | | | 0
0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7 8 9
Time, sec Time, sec

A GTR#13 T are not always satisfied for HRR/A=0.228 MW/m2 (initial test stage).
A GTR#13 T are satisfied for HRR/A=1 MW/m2 (concluded from initial test stage).



Pipe burner: wind 5 m/s and 10 m/s
Temperatures under tank (simulations)

Wind 2: 5 m/s Wind 3: 10 m/s

A GTR#13 T are satisfied for wind 5 m/s (concluded from initial test stage).
A GTR#13 T are not satisfied for wind 10 m/s (concluded from initial test stage).



