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ABSTRACT

Theoretical and experimental investigations of explosion
parameters of aerosol-vapour mixtures, appearing due to evaporation
of pools of heated combustible liquids with' high boiling points
(diphyl and some other o0ils) were executed. Experiments were
performed in chambers, which had volumes 8 and 42 m (measuring
of the rate Dfs liquid pool evaporation and sizes of explosion
zones) and 10 m~ (aerosol-vapour explosions). Semiempirical formulas
were derived, which described the dependence of rate of evaporation
Wey and vertical size of explosion zone Zexp from time and physico—
chemical properties of combustible liquds. These formulas are in a
good agreement with the experimental results and may be written in
the following form :

Wey = aFgrexp ( —b-1T),
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where a, b, c, n - constants; F, - pressure of the liquid vapour at
the initial temperature of the liquid T, , kPaj; T — time from the
begining of liquid pool evaporation, s j; me -~ mass of liquid in the
pool, kg; M — molar mass of liquid, g-.-mole s B - pressure of the
liquid vapour at a flash point, kPa; F - area of the pool, m; T =
initial temperature of liquid in the pool, K;j T, - the ambient air
temperature, K; U - kipematic viscosity of the air . at the

temperature of T, , m* s .

Some series of experiments of aerosol;vapour mixtures explosions

in the closed chamber of volume 10 m were executed. The rate of
pressure rise during the explosion was low in respect with

gaseous mixtures explosions for such substances as methane and pro-—
pane. The explosion pressure depends on pool area, initial tempera-
ture of liquid and time delay of combustion initiation. The effective
mass coefficient of vapour participation in explosion which
characterises the mass fraction of aerosol-vapour mixture between
lower and upper flammability limits, was close to unitx.

INTRODUCTION

Liquid High—temperature organic heat-carriers (HOH), such as mixture of
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diephenyl and diephenyloxide, AMT-300T o0il, I-5A o0il, mobilterm 600 and
some other o0ils, are widely used in the modern chemical process
industry. These technologlcal processes are characterized by high
temperatures (from 200 to 400 C) sexeeding flash points of HOH used. At
the accidents the emergency re11ef into the industrial room can take
place with futher evaporation and formation of flammable mixtures of
combustible vapour with air. Explosion hazard in this case will be cha-—-
racterized by a seriesigf parameters,determined by emergency condition
and HOH s temperature. These pgrameters are: rate of evaporation,
specific evaporating mass from 1 m™, explosion zones sizes, effective
mass coefficient Z of vapour participation in explosion and explosion
pressure, realized at the ignition of flammable vapour-—air mixture.

The purpose of this article is the investigation of formation and
combustion of local flammable mixtures of HOH vapour with air and the
derivation of formulas for calculation of mentioned above
parameters, characterized the explosion hazard of processes, in which
the heated combustible liquids with high boiling points are used.

THEQRY
Some results of theoretical and experimental 1nvest1gat1ons of
evaporation of heated HOH are published elsewhere. % The time
dependence of specific evaporating mass from-1 m during the cooling

of liguid from its initial temperature T to room temperature T, can
be determined from the expression:

mg = a- R L1 —-—exp (-b-T) 1, (1)

where a, b are empirical coefficients; R —equilibrium vapour pressure
of liguid at initial temperature Tp 35 T is time from the beginning of
evaporation.

From (1) we can obtain expression described the dependence of the
evaporation rate W,, on time: ‘

Wey =a’- Po-exp ( —b-T), (2)

where a‘=a-b. The values of constants a'b a’ are presented in literatu—
re.®

The formation of flammable vapour - air mixtures at the evaporation of
heated liquid is a non-stationary process, wich proceeds at the
cooling of 1liquid. Because large temperature difference between
the liquid and ambient air takes place, itis obvious , that the

natural convecticn is the main factor, controled the mixing of- wvapour
and air. In this case the horizontal sizes of explosion zone are close
to the pool area. The vertical size of explosian zone Zg, will be
determined by the influence of natural convection and depends men the
Grasshoff number Gr, which characterizes the buoyant force arised due to
density difference between heated vapour-—-air mixture and ambient air.
The dependence of hight of explosion zone ZexP from the Grasshoff
numbetr Gr will be described by the equation:

v 4 =Z

n -
exp o " AT Br, 3

where A,n are constants; Gr is Grasshoff number, given by the formula:
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Gr = (4)

1
1; To

9=9,81 m.s —earth gravity constant;

1=(F - characteristic size of evaporation poolj;
Tin — initial temperature of liquid in the pool;
To — temperature of ambient air;

Va— kinematic viscosty of vapour—air mixture, which is close to the
kinematic viscosity of airj . .
Z, — the characteristic size constant of explosion zone, given by the

formula:
Z,= m /LFL j; (S)
LFL — lower flammability limit of vapuor in air.

The formula (2) can be written in the followin form:
1,5
m, Pe F Tn - T
Y4 = B- -1 —_—, (6)

2
Pf vV a2 To

where B — constant; m,— specific mass of liquid in the pool on the
2 - <

area of 1 m; M — molar mass of the 1liquid; p - pressure of

vapour, corresponding the lower flammability limit.

The values of constants A, B, n were determined in the experiments,

described in the next-section.

EXPERIMENTAL
Experiments were executed with the most .widely used HOH, such as
mixture of diephenyl and diephenyloxide (diephyl), AMT-300T o0il and
I-5A o0il. The main characteristics of these liquids are presented in
Table 1.

Table 1. The main characteristics of liquids investigated

Substance Molar Boiling Flash Autoignition Lower flamma—
mass D p%}nt; p%}nt, temp%rature, bility limit
kg*kmole * C C C % (vol.)
Diephyl 165,84 258 111 599 0,8
AMT-3200T 260,3 390 172 332 0,4
I-5A 253,03 316 118 235 0,4

The influence of such parameters as initial liquid temperature, mass of
liquid in the pool area and characteristics of substance was investiga-
ted.

The experiments for determination of explosion zone hights were
performed in chambers with volumes of 8 and 42 m . Liquids were plased
in rectangular steel vessel, which had c,Q:he upper moving cover, and
heated till temperature fgom 170 to Z00 C. The pool marea was equal
0.25, 0.5, 2.0 and 4.0 m respectively. The liquid temperature was
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controled by thermocouples. When the required liquid temperature was
reached the upper cover was moved away,and the evaporation of liquid
from free surface took place.The ignition spark sources at various
hights from the liquid surface initiated the vapour-air mixtures. The
flame registration was made by means of thermocouples placed near the
liguid surface.

In order to determine the explosion pressure for non—uniform vapour-air
mixtures Aﬂx and effective coeffecient Z of vapour_ participation in
explosion the closed reaction chamber of volume 10 m  was used. Liquid
was heated in the vessel of volume of 0,1 m> and moved throw the heated
tube into the chamber. After the time interval from SO to 1800 s the
formed vapor-air mixture was ignited by the spark source. Explosion
pressure was measured by the pressure-trancducer "Sapphire-22" with
time constant of the order of 3*10  s. Some experiments were performed
when the liquid after the evaporation time interval before ignition was
removed from the reaction chamber. Another groop of expeériments was
executed when liquid was not removed before ignition, and combustion of
liquid phase took place after ignigion of vapour—air mixture. The
evaporation area was 0,25 and 0,72 m . Initial temeﬁrature of 1liquid
was from 180 to 250 C for I-5A o0il, from 230 to 400 C for AMT-Z00T o0il

and from 160 to 257°C for diehpyl.
RESULTS AND DISCUSSIONS

It was found that the maximum value of explosion zone hight was
realised in the time interval-from 60 to 120 s after the evaporation
beginning. The experimental and theoretical dependences of explosion
zone hight Zew from initial liquid temperature Ty were presented in
the figure.

The theoretical curves satisfactorily coincide with the experimental

data.
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Some experimentally determined explosion pressures of non—-uniform
vapour—air mixtures formed during the evaporation of heated 1liquid
pools were presented in Tables 2, 3.

Table 2. Explosion pressuressof non-uniform vapour—air mixtures in the
closed chamber of volume 10m~ without combustion of liquid phase ( for
AMT—-300T o0il)

Evapnrat%on Initial Ignition delay Exsplosion Effective coefficient

area,m temperature after the liquid pressure Z of vapour partici-
ofligugd entering into M% pation in the explo-
phase, C the chamber,s kPa sion

0,25 233 270 59 0,5

0,25 270 180 205 1,0

0,25 275 - 165 234 1,0

0,25 310 160 140 0,8

0,25 280 180 250 1,0

0,72 344 50 159 1,0

0,72 354 97 162 0,7

0,72 343 1200 22 0,01

0,72 315 120 202 1,0

0,72 357 120 - 155 +"f 0,4

Table 3. Maximum pressures in closed chamber after ignition of vapoup—
air mixture with combustion of liquid phase (evaporation area 0,25 m)

Substance Initial temperature Ignition delay after the Maximum
of léquid phase, liquid entering into the pressure

[ chamber, s AP, kPa
I-5A oil 242 20 53
I-5A oil 240 20 54
I1-5A oil 230 - 30 S1
AMT-300T oil 315 21 - 39
AMT-300T oil 345 40 . 54
AMT-300T oila) 398 30 103
AMT-300T oila) 354 7 162
AMT—-300T o0il 347 70 148
Diephyl 218 30 190
Diephyl 235 &0 220
Diephyl 1946 20 134
Diephylb) 170 30 100
Diephylb) 85 0 &7
Diephylb) 80 Q . 198
Diephyl &0 ) Q 194

a) Evaporation area F=0,72 m>.
b) Ignition of liquid surface by open fire.

During the combustion of liquid and vapour phases in the closed chamber
the pressure increase AP was in the range from 40 to 220 kPa (table 3).
This pressure is close to pressure realised during the combustion only
liguid phase. But if a small venting area (™ 1% of imternal surface
area of reaction chamber) took place then the pressure decreased to
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values of the order of several kPa. This effect is caused by a low rate
of combustion (the characteristic time for pressure rise in case of
closed chamber is of the order of several tens of second).

In the case of combustion only vapour phase (table 2) the pressure
increase A may reach the values from 22 to 250 kPa, which are
very. dangerous for the industrial buildings and several times exceed
allowable value (5 kPa ). The effective coefficient Z was changed in a
wide range (from 0,01 to 1,0). This effect was caused by turbulent
mixing of vapour with air due to natural convection. For standards in
the area of explosion and fire safety the value of Z = 1,0 must be
accepted. '

Here we may draw the following conclusions.

A. The experimental investigations of evaporation, explosion zones
formation and combustion of vapour—air mixstures for heated liquids
with high boiling points were performed.

B. The mathematical formulas were obtained, which describe the
dependence of evaporation rate, specific evaporating mass, explosion
zones sizes,effective mass coefficient Z of vapour participation in
explosion from the initial temperature and physico—-chemical ‘properties
of liquids. .
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