8.1 Limiti di infiamimabilita di miscele a piii componenti.

Quando il combustibile non & un composto singolo ma una miscela di pit solventi e quindi non
s1 trovano dati sperimentali su1 limiti di infiammabilita, si1 puo ricorrere a calcoli che s1 basano su
criteri di additivita, partendo dai limiti dei singoli composti. Una regola molto usata & quella diLe
Chatelier, nota come legge delle miscele. L'equazione & la seguente;

100

L= ) 12
Zi; (12)
] LJ',_,I'

Applicando, per esempio, la regola di Le Chatelier a un gas naturale della seguente
COIMpPOs1ZIone:

metano 80% (L; = 5,0%)
etano 15% (Li= 2.9%)
propano 4% (Li= 2.1%)
butano 1% (Li= 1.8%)

1l limite inferiore della miscela risulta:

100
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80/5,0 + 15/2.9+4.0/2.1 + 1,0/1.8



ACCUMULAZIONE DI GAS

FATTORI CHE INFLUENZANO LA CRESCITA
DELLA CONCENTRAZIONE DI GAS NEGLI
EDIFICI

* DENSITA’ DEI GAS
* CARATTERISTICHE DELLA SORGENTE DI PERDITA DI GAS
* VENTILAZIONE



DENSITA’

TYPICAL CONCENTRATION PROFILES IN AN UNVENTILATED ROONMN
UNIFORM LAY ERS OF BUOYANT AND DENSE GASES

A Dense gas forming a floor layer

cross-section through room height/concentration plo
Qllustrative) -
Ceiling {4 -+
Alr
Leak Leak 2
Pposition . D E— poslnonJ‘
mixture
Floor ’ | + + —
Gas concentration, % Y/,
B Buoyant gas forming a ceiling layer
cross-section through room height/concentration plot
(llustrative)
Ceiling 4 t t
Buoyant gas—air
3 mixture ; ik
Leak <2 > Leak
t X -
Position r Pos1t1on
Floor 4

Gas concentration, % Y/

v




SORGENTE DI PERDITA

I CARATTERISTICHE DELLA SORGENTE CHE
INFLUENZANO L’ACCUMULO DI GAS

* POSIZIONE ED ORIENTAZIONE
* PORTATA DI GAS
* VELOCITA’ DEL GAS

UNVENTILATED ROOM

EXPERIMENTAL NATURAL GAS CONCENTRATION PROFILES IN AN

Duration and rate of leak identical in A & B

Ceilling 2. 74m

Leak
pPosition ____,_.—__/
2m
lm
F‘loorJ
10 20 30 40 50

A High leak position

Natural gas concentration, % v/,

Ceilling 2_74m1 ! i
2m E

Im !

Leak L :
pPosition H
Floor.l- i

10 20 i

B Low leak position ]




SORGENTE DI PERDITA

NATURAL GAS CONCENTRATION PROFILE WITH TIME IN AN
UNVENTILATED ROONM

Room height 2. 74m

1 1 1 1
e T 'I:lme 1N minutes from start of gas leakage

2 40 60 80

2m

L.eak =
Position

Floor

S 10 15
Natural gas concentration. %% Y/,

20




VENTILAZIONE

COMMON PATTERINS OF VENTILATION

A Aiar-flow generated by temperature difference alone
Upward air flow ventilation

Vvarm

— .

—_— ———— —_— e ———

—~ e o~ —_— — - ——
= —

B Aar flow generated by external wind alone
Cross flow ventilation

Vvind




VENTILAZIONE (cont.)

EXPERIMENTAIL RESULTS SHOWING THE EFFECT OF LEAK POSITION
ON STEADY STATE NATURAL GAS CONCENTRA TION PROFILES WITH
UPWARD VENTILATION AIR FIL.OW

—_—————ee e Theoretical steady state concentration (Cg)

Cel1ling 2. 74m _g 3 i
Ailr—gas outlet I ] i p
L.eak A —= =
2m — =
Leak B B
)I
1lm t?
— 1
Leak C '
i
i
Air inlet =
Floor ! 1
10 20 30 40 S50

Natural gas concentration., % v/,

CONCENTRAZIONE STAZIONARIA

C, =100Q,/(Q.+Q,)
Q,= PORTATA VOLUMETRICA DI GAS

Qa = PORTATA VOLUMETRICA DI ARIA



VENTILAZIONE (cont.)

EXPERIMENTAL RESULTS SHOWING THE BUILD-UP OF NATURAL GAS

CONCENTRATION WITH M.F'OR IJP‘WARDAND DOWNWARD
VENTILATION AIR FL.OW =

Gas flow rate 1.41m>/h - Adr ﬂow rate 20.4m>/h -
........ eeee DDownward air flow

Upward air flow

Room height 2. 74m

Ceilling 2.74m Time in minutes from start of
Ailr inlet § 7t 1

— downward L__

Air—gas outlet
— upward

as leakage
120

6

120

v

2m

-
-

HHHHIIHHH.HIHIIIHNHHHHH.

1 . 2 q (53 8 10 12
Natural gas concentration, % v/,




VENTILAZIONE (cont.)

EXPERIMENTAL RESULTS SHOWING STEADY STATE NATURAIL GAS
CONCENTRA TION PROFILES FOR DIFFERENT VENTILATION PATTERINS

Gas flow rate 1.42m%h —all cases - Room height 2. 74m - Air flow direction
Ventilation patterns .. oo o T

- - 20.4amMh —§F— F=— - 20.4m%h ——
A T e B 1-_'_‘, > c
Ceilling 2.74m

2m . =
/

Leak
Position

1m

Floor

S 10 15
Natural gas concentration. % v/,

Gas flow rate 1.42m~/h — all cases - Room height 2.74m - Air flow direction —=—
- = 10.2m%h - 10.2m7/h R
D = = F total ==
20.4m%h = — e = ! 10.2m%/h —+— — .4 /h
Ceilling 2. 74m

FIE D,

—

2m

Leak
position

1m |

Floor

S 10 1S
Natural gas concentration. % v/,




STIMA CONCENTRAZIONE

STIMA DELLA CONCENTRAZIONE DEL GAS CON
L’IPOTESI DEL PERFETTO MISCELAMENTO

C=[100Qg/(Qg+Qa)]{ 1-exp[-(Qg+Qa)t/V]}
C= CONCENTRAZIONE DEL GAS [%]
Qg=PORTATA GAS ENTRANTE (cost)  [Kg/h]
Qa=PORTATA ARIA ENTRANTE (cost)  [Kg/h]
t= TEMPO [s]
V=VOLUME [m?]
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ESPLOSIONI CONFINATE

TIPI DI ESPLOSIONI
* ESPLOSIONE TOTALMENTE CONFINATA

* ESPLOSIONE CONFINATA CON APERTURA DI
UNO SFIATO DURANTE L’ESPLOSIONE

EXAMPLES OF PRESSURE-TIME PROFILES FOR T'OT'ALL Y CONFINED
EXPLOSIONS IN A CUBICAL VESSFEI OF VOLUME 1m*>

—_———— Stoichiometric Ethylene-air mixture 6.59%6 /
Stoichiometric Propane-air mixture 4.0%6 Y,
. e-.Stoichiometric Methane-air mixture 9.5%6 "/,,

8

/,_— . —
7 --
Vs -
y =

6 vy —
’ P
4 -~
‘ ._-
; =
/ £
a V] =

* Overpressure, bar




ESPLOSIONE TOTALMENTE CONFINATA

EXAMPLES OF PRESSURE-TIME PROFILES FOR TOTALLY CONFINED
EXPLOSIONS IN A CUBICAL VESSEL OF VOLUME 1m~

————— Stoichiometric Ethylene-air mixture 6.5% Y/,
—_—— Stoichiometric Propane-air mixture 4.0% Y/,
........... Stoichiometric Methane-air mixture 9.5% Y/,

8

e s v ¥

S

Qverpressure, bar

0.4 0.6 0.8
Time, seconds

12



table 12 TYPICAL COMBUSTION PROPERTIES OF SOME HYDROCARBON GASESAND § [ i
Hﬂmmll S L
K Sl o MML.L, L.
Panvubliylois © soctic  woenen bunbg || ho mo | M o s
Molecular % W gas mete  buming  vebocly || pperwe T/T,  dmespoad ismperale ensigy, mlﬂ

Pl weigh  lower  Upper -Ifyﬁ -1-bﬂr Smy || nr M=) my K miljules Fual
hiogwly 8 4 ®  ® 4 B ar w m W w® M el
MethaneCHy 18 5 18 8w 08 |me W B W @ N MOl
BaneGly, ® 3 e 8 0w [ om0 m o o on |
PopaneClly 44 n ' u {0 45 0% w B W o m B W Propana CyHy
e Cly 8 19 TRREET 15 0% ur W M W 0B I haneGiy
Peniane Clly 70 T L T m M 0 W 08 Ml PGl
[HemoeGHy ® - 13 18 2 B 0. 0 8 08 B HeGl
[epasecity @ 2 @ . W o s W W0 W 05 B0 HepsaGll
leneCly ¥ 2 @ 1 w19 MW W W w8 heveGl
' (Dtylene G, 3 i o # U w M 10 8 M % BeGh |
! [Popylene Gyt 42 24 o 50 o w1 U ™ NS PGl
BiplenaCily 8« LI VS W 0 @ 0B Wl beyeeCiy
[eowGi @ W W W m W (|wm W G @ @ S etk |
i Colty M o s e 0% EEE
A From Coward and Jos . ' ' D Assumes = 5, (T/7) - See Secin 111 :

B Value or Fy hom Rose aed Cooper”. Vakue or Cylfy a8 by Ardreuws and Bradley’ £ Yae o Hydiogen kcm Py ad e - r——

Outet values based on comparative data from Getstein of af' which have bean comectad in ling with T Valoes lrom Lwis and Ven Db, \'Hﬂ-mmﬂumwiﬂh

a curreently accephed vahug of 0,45 m's for methans-air - 5 Andraws and Bradiey® v ﬁt:zl. —— - T

cmmn mmuhm'mmmmmw

- ..a.___. e




ESPLOSIONI VENTATE

IDEALISED PRESSURE-TIME VARIATION IN A VENTED EXPIOSION
SHOWING FLAME DEVEILOPMENT AT EACHSTAGE

D
A B C Max. flame area
Confined Vent Venting phase achieved/burnt :
explosion phase removal phase established gas venung |

N[O HO S

— T
Expanding flame front |

T
v

A Be C
P2

P,

Overpressure

|
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ESPLOSIONI VENTATE

AN EXAMPLE OF THE EFFECT OF WEIGHT OF RELIEF ON THE
MAXIMUM PRESSURE GENERATED IN A VENTED EXPLOSION

Experimental results obtained from explosion of natural gas—air mixtures in a

cubical vessel, volume 3.54m>3, vent area 0.26m?2

Pressure (P,, - P,). mbar

7007
s
500 /
300
i -/
100
O 2 4 6 8 10

Weight per unit area of relief cover, kg/m?
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ESPLOSIONI VENTATE

CHANGE IN FLAME SHAPE FROM (1) SPHERICAL TO (2) PEAR SHAPE
AFTER VENT REMOVAL

'y -
flame pe
front (1) [
vent o
area =
S
flame >

front (2)
+ |\ —

SCIHEAMMA TITIC PRESSURE-TINME PROFILES FOR VENTED EXPI.OSIOINS
A Vent failure

B: Outfilow of gases established

C: Onset of burnt gas venting

l—h(gh faijilure ppressure vent cover
_—— e I1,ow failure pressure vent cover

Ovemressire

- Thrme
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ESPLOSIONI VENTATE

SCOSTAMENTI DAL COMPORTAMENTO IDEALE
SFERICO
* DISTRIBUZIONE DEL GAS NON UNIFORME NELL’AMBIENTE
GEOMETRIA DEL VOLUME
PUNTO DI IGNIZIONE
IGNIZIONI MULTIPLE
PRESENZA DI MECCANISMI CHE ACCELLERANO LA FIAMMA
— TURBOLENZA
— INSTABILITA’ DELLA FIAMMA

17



FORMULE EMPIRICHE

A SUMMARY OF COMMOINLY USED EMPIRICAL FORMULAE AND THEIR
RANGES OF APPLICA T?ON all pressures in mbar

Formula Author Range of application
P, =S, (A3 KW + 28ywVvV!'= Cubbage Lmax: L.min = 3: 1
P, — S8 S_K and K=-=5

Simmonds, 49-5° VV = 24 kg/mm?>

Comments
Vent cladding can be of any material provided that no restraining force

(other than the minimum of friction) is used to maintain the vent in position.

Formula Author Range of application
Pomm = Py + 23 (SZKW/ VI3 . . Cubbage Lmax: Lmin < 3: 1
- fCAADD and K=4
Marshall 34 2. 4Akg/m?%?= W = 24kg/mn?

P, = 490 mbar

Comments
Predicts maximuimn g)ressure generated, irrespective of whether this is P, or

P> For A = 7S0KJ/mr>, and P,<< 3SOmbar. use f(A,.A.) = 1 — exp [— (A —AL)/

(A + A)]. For A =<Y/SOkJ/m> and P, > 35S0 mbar,. use f(A.A,) = (A — A_) A For
hazard assessmentuse f (A, A.) — 1 to calculate maximum Possible pressure
rise. Vent cladding can be any material (preferably friable), provided it is
held in place by a positive force.

Forrmula Author Range of application
Po, = 1.5P, + 7T7.7 S_K Rasbash, S! Lmax: Lmin =<3: 1
K=<2S5

W = 24 kg/m?=

P, = 70 mbar
Commmments
Formula essentially predicts the second pealk pressure, P Vent cladding
can be any material held in place by a positive force.

Formula Author Range of application
Pm = 1.5P, + . _. Rasbash Lmax: Lmin =3:1
So{[(4.3KW + 28y V3] + 77.7K ) et al, 52 K=85

Comments
Predicts maximurm pressure generated, irrespective of whether this is P, or Po

18



IMPULSO

COMPARISON OF THE PREDICTED PRESSURE PROFILE FROM A
IWNFIINED EXPILOST WITFH
EXPLOSIVE CHARGE .. o =
to — lkg TINT)
pPressure 3Smbar
———— Typical profile at 10m distance :
(IN.B. much higher es are generated nearer the charge. ie — - 2
10 bar at a distance of 1m) - i 3
-
s 2
1S5S0 7 “ =
f \ 3
s \ :
 J 1
V'l 1
¥ 1
r; 1
5 100 ' 2 “
= 4 1
as |
g i %
= — ' 1
= 7 N\ I :
s s N 4 3
S so =\ 1
F ey LY
rd
Vi LY
Vs LY
b \
0 \
cd N,
- .
- ~.
o o -~
SO 100 150 200
Time, milliseconds
On first thouaht it ke -~ = =




TIPI DI CARICHI

t, = DURATA DELL’IMPULSO
T=PERIODO NATIRALE DI OSCILLAZIONE
. t, >T, CARICHI STATICI

t, =T,CARICHI STATICI

. t, <T, CARICHI DINAMICI

TYPICAL PERIODS OF VERAHOIV QF’ SJ’RUCZ"!IIR&L EL.MN?S AJVD ;«_-

DURAHONOPPMEPULSES’ 7 -:ﬁ-‘_;::.;:;;'é?j (;w,z S W 2 Sl ~; £
Penod/ Durat:on
(milliseconds)

Concrete floors 10-30

Concrete walls 10-15

Brick walls 2040

Confined gas explosion 100-300

Pressure wave from detonation

of an explosive charge 1-10




RESISTENZA

CONSTRUCTIONS

— P

COMPARISON OF FALLURE.‘ Pm O.F‘ DIFFERENT WALL

All walls have area S.1m?
Unbroken line represents no damage

Broken line represents possible cracking
End of broken line represents failure

4 inch
thermalite
block

2 inch
breeze block

single
plasterboard

double
plasterboard

412 inch
brick wall

Structural element

Typical ﬁuure prme

(mbar)
Gilass windows 20—-70
Room doors 20-30
Light partition walls
(eg. plasterboard on wooden studding) 20-50
SOmm thick breeze block walls 40-50
Unrestrained brick walls 70—-1S0
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Breaking pressure, mbar

:

3

2
1/Area, 1/m?

W
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VETRI

LHSY?HVCE?CM’?TLHPEE&CM’CHM%SSVVHVIXDV“SYVVHVIXDVVI?&QGEAE?HESJES
}lFIHVCZRRDhICH’EDERLCEﬂEMVIﬂ%ﬂSSIH%ETSEﬂVEEL&TIﬂD _ :

—
3
=
g -
3 / 1
= - ~
Z +~
o = /”
D s -~
@ -~ g
== -.. e -~
S, -
g 1 —= /I -
73 //r = -
= - > udl
B <
S -~
(0] 10 20 30 40 S0 60 70
Maximum distance travelled, metres
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uaip3 BE6L

Vent Release Pressure Maximum Pressure During Venting

<
N Fq
Q"\ Pog=02barga — // b
i\\\ T Py =04 barga _.\\\‘ / P 0
Y P.q = 0.6 bar ga
\\A P(EZ =0.8 bar ga \Q\s ///'/'/ d
\\ Py =0.1 bar ga P g™ 1.0 bar yga —— \ 4 /, / 9
A\ N | —— Pz =02 bar ga Preg =15 har ga ’—'\\ L/ / /
N //—P;‘aTro.S bar ga Freq = 2.0 bar ga . A /j
A\ A R\ / ////
//// </
\\ //,// 2H1
NN AL A7 AN
ANNY W, /1
AN N A X
\N\ N - A LA //
AN N
. "\\}\ /] pabs
N |
| N\ | [
_________ N\ A
| 4 Ll
50 10 1 0.1 1 10 100 1000

+————————Vent Area, m?

Vessel Volume, m? ————-

Figure 6-2(a)  Yenting Nomograph [or Methane,
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89
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Figura 5 - Nornmogramima NFPA per Metano
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