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Abstract

The objectiwe of the atmospher dispersim researh projed of the INERIS is to develgp modek of flashing
releass as encounterd in realistt industrid environments Equivalert sour@ modek exig for flashirg
relea® in curren long rarg disperso n models Severa factors can however invalidae simplified equivalen

sour@ models especial in the very nea field where obstacle can be found

To perfom his projed objective the INERIS takes patt in a Europea projed called FLIE (Flashirg Liquids
in Industrid Environmen} and alo works on a projed supporté by the Frend ministry of the environment
In FLIE project INERIS carries out large-sca trials of propare and butare releases The Frent pat of the
projed is to devel@ atod able to evaluae the gas ard the liquid fraction (aerosb patt ard liquid pool) in the

nea field of the flashing release

This INERIS pape aims to presem the large scak experimenth set-yp and the main curren results The
experimenth set-p is locata in the INERIS site It allows to perform propar ard butare liquid releass at
ambien temperatue with aregulatel pressue from the saturatio pressue to 15 ba with an orifice (circular
or rectangula shapg of an equivalet diamete from 10 mm to 25 mm. It is possibé to realie free jets but

also impinging jet by introducirg obstack at a maximun distane of 2 metes from the releag point

During releasessevera parametes are recordel :

* Ambian conditiors : direction and spee of the wind, temperature humidity ard atmosphed
pressure

* Releas tark : pressue (the regulation of the pressue is possible) temperatue a sever height in
the tark and at the liquid /gas interface weight of the tank

* Releas point : pressue ard temperature

* Inthejet : a Dud Phag Doppla Anemomete allows to measue speel ard size of particle aeroso at
severd locatiors in the jet.



* Rainout : Six bond equippe with continuows weight measuremestare usal to study the phenomea
of liquid pod formation

* Obstact : Six surfa@ temperature

To develp modeb requires experimenth validation data Up to now, little of experimers were carried out
on agred scak with sud a variety of measurementsThe obtainel resuls reved sorre points which are few

discussd in the literature ard can be usefu to develg modek of flashing releases

I ntroduction

Liquefied gasse are in widespred u® in industy due to ther chemicé or physica properties The
substancginvolved may be flammabék ard explosiwe like LPG and als toxic ard corrosive like ammonia In
parallel numeros industrid processe us fluids tha are overheatd compare with ambiert temperatue
conditions Following a failure of the confinemen arourd an installation the hazard faced can be
instantaneousas with the explosia of flammabk products or differed as is the cag with releass of toxic

products

As pat of its activity relating to accidemn hazards INERIS mud especialy determire safey perimetes
arourd industrid installations A researh projed¢ was therefoe s¢ up. The objective of the atmosphed
dispersim researh projed of the INERIS is to develg modes of flashing release as encounterd in realistc
industrid environments Equivalen soure modek exig for flashing releag in currer long rarg dispersio
models Sever factors can howevey invalidae simplified equivalen soure models especial in the very

nea field where obstacls can be found

To perfom his projed objective INERIS takes pat in a Europea projed called FLIE (Flashirg Liquids in
Industrid Environmen} ard alo works on aprojed supporté by the Frend ministry of the environment In
FLIE project INERIS carries out "large-scale trials of propare ard butare releasesThe Frend pat of the
projed isto devel® atod able to evaluae the gas ard the liquid fraction (aerosb pat ard liquid pool) in the

nea field of the flashirg release

The FLIE projed brings togethe four partnes (GexCa compaly from Norway, University of Hertfordshie
from England Von Karman Institute for fluid Dynamic from Belgium Institut Nationd de
1’Environnement Industrid et des RISques from Francg including INERIS for performirg large scak tests
The purpo® of the® test was to improve the knowledg of the dispersiam of liquefied gasse in the presene
of obstacls locatel in the immediat vicinity.

This INERIS pape aims to presenthe large scak experimenthset-pp and the main curren results

What happens in the event of an accidental release ?

The consequenceof an accidenthreleag will depem on the one hard on the initial storag conditions ard
also on the environment This is becaus the presene of obstacls of sufficiert size may affea the jet ard
chang the characteristis of the toxic or flammabk cloud



At the bread level, in the ca® of an accidenthreleag of liquefied gas the produd releasd is suddeny
placa in unde sud temperatue ard pressue conditiors tha a pat of the liquid vaporizes violently. This
phenomen is generaly called a "thermodynamic flasH' or "flash". The sudde vaporizirg of pat of the
liquid leads to afragmentiny of the liquid jet into fine droples whos diamete ard spee will be especialy
dependenon the deviation betwea the initial produ¢ temperatue ard the boiling point of the produd at
atmosphei pressure

This phenomeais illustrated in figure 1.

In the absene of ary obstacle after a lengh of a few times the diamete from the breach a two-phag jet
develops This jet is mace up of droples in suspensio in a mixture of gas and ambien air tha is drawn
along The atmosphed dispersim of this two-phag jet is notaby dependenon the environment This is

illustrated in the figure 2.

In case whete no obstacle are presen along the pah of the jet, the differernt contributiors to the formatian

of aflammabk or toxic cloud are as follows:

* aquantiy of produé¢ is likely quasi-instantaneously vaporizel due to the flash phenomea at the
bread level,

* aquantiy of produd will likely form a pod on the grourd (commony called rain-ou) tha then
evaporate into the atmospher due to the variouls phenomea of mas ard hed transfe ;

* a quantily of produd is likely drawn into the air in aerost form.

In this case the estimatio of the main amouns of vapa ard liquid consis$ in studyirg the evaporatio of
the formed drops and the formation of a liquid pod at grourd level This estimatio is an importart aspetto
determire arealistc sour@ tem to provide input into an atmosphed dispersim model

In the ca® of a releag in the presene of obstaclesthe interaction betwea the jet ard the obstack may
notabl chang the calculatio of the sour@ term which will be more difficult. Actually, in addition to the

three contributiors mentionel previously threephenomerncould occu :

* apat of the liquid will be capture by the obstact (run-off) ;
* apat of the droples will evaporat in contat¢ with the obstact (a leas during the first instants
before the obstacé coolks down) ;
* apat of the drops splits leadirg to the creation of smalle sized drops
In the ca® of an impactirg release it is importan to determire wha becoms of the drops after impact To
do this, it is necessarto know the characteristis of the drops prior to impad (diamete ard speedl as well as

those of the wall (temperatureroughnesspresene or absene of ary liquid film).

The experimental set-up

The experimenth set-up developd in orde to understans this phenomenais locatel in the INERIS site
The figure 4 shows the releag field ard the contrd room in the background The figure 5 is a diagran of the
experimentaset-up
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The experimenth set-p allows us to perfom propare ard butare liquid releass (the releag point is
presentd in figure 5) at ambien temperatue with a regulatel pressue from the saturation pressue to 15 ba
with an orifice (circular or rectangulashag : see figure 6) of an equivalen diamete from 10 mm to 25 mm.
It is possibk to carly out freejets but alo impinging jet by introducirg obstacé a a maximun distane of 2
metes from the releag point

During releasessevera parametes are recorde :
* Ambiant conditiors : direction ard speel of the wind, temperaturg humidity ard atmosphed
pressure
* Releas tark : pressue (the regulation of the pressue is possible) temperatug a severd heighs in
the tark ard at the liquid/gas interface weight of the tank
* Releas point : pressue ard temperature

* Inside the jet : a Dud Phag Dopple Anemomete allows to measue spee and size of particle
aerosb at severd locatiors in thejet.

* Rain out : Six bonds equippel with continuos weight measuremestare usel to study the phenomea
of liquid pod formation

* Obstact : Six surfa@ thermocouples

Some Results

This sectiomn deak with resuls obtaine with propare releag experiments

Jetstructure

Sorre resuls can alread be presentd relating mainly to jet structue :

* right after the expansio zone the smal drops are mainly found alorg the cente wherea the larges
ones are the mog numerois arourd the edges

* moving awgy from the expansio zone, an asymmety appeas progressivel betwea the uppe ard
lower pars of the jet; it appeas that the larges$ drops accumula¢ unde the jet, this is the consequere
of gravity effect ;

* It is possibek to find a similitude law to determire the longitudind spee componeth within the jet.
This law depend on the releag configuration

The initial resuls terd to shawv that wha happes to the drops presen within the jet is primarily influenced
by the evaporation by the interaction betwea jet turbulene and gravity. The importane of eat of thee

influences depend apparentl essentialf on the size of the drops

In othe words the measuremestseemto shav tha ther are approximatef two types of behavia for drops
presemwithin thejet ard which are a leag partly dependenon their size :

« for the fineg drops the behavia is characterize by convectiom within the jet, with drops evaporatig
within the jet;



« for the larges drops inertia ard the gravity mean tha they are less likely to follow the jet ard
therefoe bette able to exit thejet.

The calculation modéd developd by INERIS seens to matc the resuls obtainel in the context of this initial
sd of tests The main difficulty always lies in determinirg the initial speel for startirg the calculations This
determinatio will be one of the main challengs of subsequetntrial runs This is becaus in the nex se of
trials, we plan to focus the measuremest(with a finer coveragg on the area closes to the les section in

orde to explore the expansio zone as far as possible

Mean Diameter

The figure 7 shows the numbe of droples (probability function ) in the observe clas versis dropld
diameter The table 1 shows the effed of taking into acoun or nat the greatesdroples in orde to calculae

the mas mean diameter

According to the® resuls we can see :

+ it is necessarto analy® the resuls in terms of mass This is an uncommam way of interpretirg the
results Actually this is more comma to conside tha the greates diamete is 200 micrors ard mod
of the correlation are mace with this consideration

*  the under-estimation of the numbe of large drops leads to a spee of evaporatia always too high : by
using the mean diamete coming from the drople smalle then 200 micrors the diamete lost is 10%
actually alog of 1 % seens more realistic

» the pe& correspondig to the greates droples might be in pat the consequenceof PDA problems
The VKI researcher (our FL1E partner} think tha the drops exig but there is an over-estimatio due
to PDA mask If we assume tha the numbe of wide measurd droples are over-estimaté with a

factor two, the difference betwe@ mean diamete keefs strong

Theproblemofthe measurement dierain out

The figures 8, 9 ard 10 shav sone resuls that come from impactirg jet of propane The trial experimers

conditiorsare:

* stora@ pressue : 96 bars
+ orificediamete : 10 mm,
» distane of the obstact distane : 0.8 m,

* ambien conditiors : temperatue : 225 °C,HR : 65% temperatue humidity dew point : 16.2°C

INCORPORERDiscussion and analysis
Free jet

Wate of the atmospher makes pat of the rainou due to a phenomea of jet-entrainment that mix the
releasd propare with moig air. The measurd mas in the bonds (



Figure 8) resut from an equilibrium betwea rain out of this mixing and his evaporation

When all the phenomea (releag output orifice, rain ouf) are in a steady-stateas sea in Figure 10, in terns
of temperature a slope can be observe on the curve The componeh evaporatio is certainy very weak
during the jet the air could be saturatd with LPG vapours In a first approximatio the measurd slope could

be interpretel as the sum of phenomea tha concen the mixing.

Once the jet has stopped a compresse air is drawn to accelerat evaporation It seens difficult to know what
really happes becaus of the solid or liquid wate state In addition it could be assumd tha LPG has been

capturel within the ice becaus this one melts by forming multiple cavities

After totd evaporatio of wha mug be mainly LPG (at leag in the propare case) the quantiy (mainly wate
?) of remainirg liquid is measured This da& shoull be considerd more or less as the amount in the low

range of wate tha has been mixed in the jet.

Impinging jet
During the impinging jet, the previous phenomea exist but in addition the obstack absob sone phenomen

and chang the kinetic.

The obstacé mug be coolal before one can obsere liquid fall into the bonds It is see tha freez is
producel on the obstacle This ice is likely produce during the jet becaus of the low temperatug of the

obstacle

Conclusions and perspectives

To develp modek requires experimenthvalidation data Up to now, little of experimens were carried out
on agred scak with sucd a variety of measurementsThe obtaine resuls reved some points which are few

discussd in the literature ard can be usefd to develg modek of flashirg releases

Measuremenof the propare rainoutt mas is complex Wate of the atmosphex makes pat of the rainou due
to a phenomea of jet-entrainment, so the rainot mas measurd in the bonds correspod to LPG mas plus
wate mass The specié kinetic of reevaporatio from the freez wate makes the estimation of the LPG mas
contribution moredifficult.

An possibe perspectie to tha work could be to carly out laboratoy experimenth trials tha allow us to

contrd temperatue ard humidity in the ambien or confine atmosphere



Vapor bubble growth : /3 o o
i

Drops dispersed in a gaseous environment

Figure 1 : Schematt diagram of a two-phas jet
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Figure 2 : Diagram showing the different contributions to the formation of a polluting cloud following

the appearane of a two-phase releas



Figure 3 : The releag field with the contrd room in the backgroud
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Figure 4 : Diagram of the experimentd set-up
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Figure 5 : Thereleag point
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Figure 6 : Exampk of orifice shape



PDF of Droplets Mass and Diameter (x=250mm,
y=0mm, z=-75mm)
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Figure 7 : Numbe of droplet in the observd clas (in %) versis dropld diamete for afreejet of
propare a 75 ba through an orifice diamete of 25 mm
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Figure 8 : Measuremert of rainout mass (propane + water) in bonds
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Figure 9 : releasel mass flow and propane weight
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Location : x=100, y=0, z=-50 Location : x=250, y=0, z=-75

a) droples > 200 m : % in numbe 1.94 % 2.01 %
of droples
b) droples > 200 m :% in mas of 349 % 408 %
droples
¢) Mass mean diamete with 58 m 53m

droples <200 m

d) Mass mear diamete with 92 m 91m
droples <400 m

Table 1 : results for diameter droplets greater than 200 m : number of droplets (%) (a) and mass of
droplets (%) (b), mass mean diameter with droplets diameter <200 m (c) and droplets
diameter <200 m (d)
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