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«p Novel Test Stand and Method to Measure

the Burning Rate of Flammable Liguias”

APPLICANT

“INDIAN ENSTETUTE OF TECHNOLOGY ROORKEE,

Roorkee-247667, Uttarakhand”

The following specification describes the invention
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FIELD OF INVENTION: -
The present invention relates to the system and method for measuring the burning
rates of flammable liquids. The present invention in particular relates to a test-

stand for correct measurement of burning rate of flammable liquids.

DESCRIPTION OF THE RELATED ART:

In the prior art, the burning rates of flammable liquids e.g. petrol, diesel, crude oil,
ethano_l; biodiesel and peroxides were measured for a particular diameter (d) with
a fixed amount of fuel inside the pan. The diameters (d) of such pans range from 1
cm to ;25 m [1-5]. It was found for all the fuels that the buming rate becomes
independent of the diameter for d > 1 m, Most of these experiments were
performed for fixed mass of fuel kept in a tank or a pan. The fuel was allowed to
burn under ambient conditions (1 bar and 293 K) till it was fully consumed. An
example of the standard test-set-up for the measurement of burning rate has been
shown below in Fig. 1. It was also established that the variation in wind speed
also influence the burning rates. A number of data-sets are used to develop
correlations for burning rates for different diameters and fuels. The developed
correlations are included in several frequently used quantitative and qualitative
risk assessment programs (PHAST, SAFETI, TNO Risk Curves) for process and

plant safety which are widely used in industries [6-8].

Reference may be made to the following:

US Patent No. 6,464,391 provides a 'calor'imeter that measures heat release rates
of ver3‘/ small samples (on the order of one to 10 milligrams) without Lﬁe need to
separately ‘and simultaneously measure the mass loss rate of the sample and the
heat of combustion of the fuel gases produced during the fuel generation process.
The sample is thermally decomposed in a small volume pyrolysis chamber. The
resulting fuel gases are immediately swept by an inert gas stream from the
pyrolysis chamber into a combustion fuméce in a plug-like flow. This plug flow
substahtjally synchronizes the emerging fuel gases with the mas§ loss rate of the

sample. Oxygen is metered into the fuel gas stream just before it enters the

combustion furmnace where the fuel gases are completely oxidized. The effluent

from the furnace is analyzed to determine the amount of oxygen consumed per

SELHI 11-05-2018 17:28
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unit time and the heat release rate is computed without the need to separately

measure the mass loss rate of the sample.

US Patent No. 5,869,343 provides a method and an apparatus for the automated
testing of the flash point and can be used for determining the flash point of
flammable liquids. In particular, the inventive method makes is possible to
automate the phase of preparing and changing the samples. The apparatus
described is characterized in that the whole of the test equipment (1) consists of a
stationary simultanéous function head (2) and a mobile test insert (3), which can
be separated completely from the simultaneous function head (2), the test insert
(3), pre-instalied, having the temperature sensor (4) and the flash point indicator
(5) and contacting elements (6) for producing the electrical connection to the
temperature sensor (4) and to the flash point indicator (5) and at least one
coupling element (10) for producing the mechanical connection between a stirrer
driving mechanism (7) and the stirrer (8) being disposed at the simultaneous
function head (2). The arrangement of an additional flash point indicator (5a)

outside of the test insert (3) 1s possible.

US Patent No. US1779569 provides automatically regulating the proportions of

air or oxygen and flammable gases in a chamber in such manner as to avoid with

certainty the production of explosive mixtures therein.

US Patent No. USZ499105 provide apparatus for deter (cias-11) mining the
initial boiling points of liquids and has particular reference to an' apparatus for
accurately measuring the initial boiling' point of a desired low boiling point

fraction of a mixture of liquids such as a mixture of hydrocarbons.

US Patent No. 5,981,290 provides a calorimeter for measuring flammability
parameters of materials using only milligram sample quantities. The thermo
chemical and thermo physical processes associated with the flaming combustion
of solids are reproduced in the device through rapid anaerobic pyrolysis in a
thermo gravimetric analyzer. Volatile anaerobic thermal decomposition products
are swept from the pyrolysis chamber by an inert gas and combined with excess
oxygen in a combustibn chamber maintained at several hundred degrees
Centigrade to simulate the combustion reactions which occur in a well ventilated
diffusion flame. Mass loss is measured continuously during the process and heat

release rate is calculated from the oxygen consumed from the gas stream.

IPO DELHI 11-85-2018 17129
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US Patent No. 6,991,365provides a flammability test apparatus comprises a
chamber, a.n inlet, an ignition source, a heater, pressure and temperature Sensors.
In one embodiment, the chamber includes a honzontally-oriented, cylindrically-
shaped section. The inlet allows a fluid to be introduced into the chamber. The
ignition source ignites the fluid within the chamber, and the heater adjusts the
temperature of the fluid within the chamber. The test apparatus includes a sparger
for dispersing the fluid within the chamber, and the sparger disposed within the
chamber and attached to the inlet. The test apparatus also includes a relief system
for exhausting the chamber after the pressure of the fluid in the chamber exceeds

a preset pressure.

Publication No. WQ2007001384 relates to a flammability tester for samples in
the milligram range. A tube (40) with a lower pyrolyzing region, or pyrolyzer
(42), 'contains a sample (10) that is heated to thermally degrade 1n the absence of
oxygen, or pyrolyzed, to produce fuel gases. An inert gas carries the fuel gases to
an upper combustion region, or combustor (46) , where oxygen is metered into the
gas flow. Combustion occurs at a temperature where the reaction time of the fuel
gases is = 10 seconds. Under these conditions, the combustor volume need for
compete combustion is small, permitting the fuel gases td be oxidized as they are
liberated and trave!l from the pyrolyzer into the combustor in what is essentially
sequential flow. Complete combustion in such a small volume produces a large
decrease in the oxygen content of the gases emerging from the combustor,
allowing the use of a simple inexpensive oxygen analyzer (72) to measure the
oxygen content of the gases emerging from the combustor.

Publication No. U82017343210relafes to methods and systems for clean-up of
hazardous spills are provided. In some aspects, there is provided a system for
burning an water-oil emulsion that includes an enclosure configured to hold a
water-oil emulsion; one or more conductive rods disposed throughout the
enclosure, each rod of the one or more roads having a heater portion to be
submerged in the water-oil emulsion and a collector portion to project above the
water-oil emulsion, wherein the collector portion is longer than the heater portion;
and a delivery system for supplying water-oil emulsion to the enclosure, the
delivery system is configured to maintain a constant level of the water-oil
emulsion in the enclosure as the water-oil emulsion is burned. The enclosure may

further include one or more adjustable air inlets.

018 17 .28
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Publication No. EP1516173 relates to a novel flame temperature analyzer (FTA)

method and apparatus for measuring combustible gas concentration and oxygen
content in a sample gas includes supplying a mixture of oxidant (93) and fuel (30)
to a sensing flame (48) and measuring the temperature of the flarne as sample (26)

is added to the combustion chamber (16).

The erroneous measurements of burning rates cause underestimation of potential
fire hazards in oil/petrochemical/refineries. Due to this underestimation of hazard
significant number of lives i.e. employees of plant and nearby residents are at
high risk along with that of infrastructure and environment. Therefore, a new test
method was the need of hour where the maximum burning rate of a flammable
liquid can be measured under realistic weather/boundary conditions. It was also
necessary to deveiop a test method which can measure the maximum burning -

rates under steady-state conditions.

In order to overcome one or more shortcomings, present invention aims to
provide a test-stand and its method for cofrect measurement of burning rate of

flammable liquids.

OBJECTS OF THE INVENTION:

The principal object of the present invention is to provide a system and method

for measuring the burning rates of flammable liquids

Another object of the present invention is toprovidea new and improved test set-

up and method for flammable liquids.”

Yet another object of the present invention is to providecorrect measurement of

burning rates which are 8-40%.

Still another object of the present invention is to providecorrect and realistic

measurement of burning rates of large tank fires in small-scale laboratory test set-

up.

IP0 DELHI 11-G5-2018 17:28
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Another object of the present invention is toproviderealistic estimation of safety
distances (8-40% higher) for oil/gas storage facilities and transportation of

hazardous substances.

Yet another object of the present invention 1s toprovideoptimum estimation of

foreseeable fire hazard for proper risk assessment.

BREIF DESCRIPTION OF THE INVENTION:

The present invention provides a system. and methodfor measuring the burning
rates of flammable liquids. A new test system and method for measuring the
maximumburning rates of flammable liquids.The correct measurement of burning
rate with proposed new test set-up ensures that all the realistic boundary
conditions are impoSed to measure the maximum burning rates that could occur'in
a real sized tanks storing flammable liquids. Such precise measurement of buming
rate will help to develop proper safety distances from the fires to the people and

infrastructure thereby saving the losses of all kinds.

The test-bench (Fig. 3a) is comprises reservoir 1 containing liquid fuel supply it
to the fuel pan 13 through gate valvé 2, motor 3, pump 4, valve 5, pressure relief
valve 6, flowmeter/mass flow coﬁtroller 7, valves 7, 8, piping 9, steel table 10,
fuel collection cone 12. The pan 13 is 95% filled with a liquid fuel 13a. The pan
13 is connected to a load cell 15 via a shaft 14. The fuel was ignited by a
lighter/hand torch (ndt shown) and flame 14a develops. Thermocouples 15a were
also connected via a stand 16 to record the temperature of flame. The
measurements of mass loss in load cell 15 and thermocouples were transferred via
cables 17 to data acquisition system 18 and then to the computer 19. Each

measurement was repeated for three times to ensure the reproducibility.

In an embodiment, the flammable fuel ié diesel, gasoline, biodiesel, ethanol or

any other such kind

BRIEF DESCRIPTION OF THE DRAWINGS:

TPO DELHI 11-05-2018 17 .28
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It is to be noted, however, that the appended drawings illustrate only typical
embodiments of this invention and are therefore not to be considered for
limiting of its scope, for the invention may admit to other equally effective
embodiments.

Fig. 1 showstypical set-up for a small as well as large-scale burning rate test (d =
0.04 m to 4.28 m) where a fixed mass of fuel is filled in the pans and mass loss or
bum rate was measured with time {6].

Fig. 2 shows maximum burning rates vs. fuel type for (d = 0.1 m) measured using

prior-art under no, slight and moderate wind conditions. It can be seen that under

~ no and slight and moderate wind conditions the rise in bumning rates are by only

factors of 1.6 to 3.3.

Fig. 3a showstest stand in present invention for correct measurement of burning
rate (d = 0.1 m) where fuel layer is kept constant (95% of the pan volume) in the
pan and mass loss is measured with timé (Total burning time = 15 minutes).

Fig. 3b. showscloser view of the test stand in present invention where the fuel is
coming into the pan from a collecting cone-and producing flame. The steel pan is
connected to a shaft to a load cell under the table. The thermocouples are inside
the flame to record the temperature. |
Fig. 3c showscloser view of the pan filled liquid fuel up to 95% of the volume.
The collecting cone supplies the fuel to the pan to maintain the 95% volume. Two
thermocouples are inserted inside the pan to measure the temperature rise of
liquid. '
Fig. 3d showsarrangement for the measurement of maximum burning rate of fuel
under different wind speed supplied by the fan located diagonally at the shaft of
one of the leg of table. |

Fig. 4showsmeasured maximﬁm burning rates vs. fuel type in prior-art and
present invention.

Fig. 5 (a) shows measured maximum burning rates vs. fuel type in prior-art and
present invention for 5 m/s and (b) measured maximum burning rates vs. fuel type

for three wind speed in present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS:
Accordingly the present invention provides a system and methodfor measuring

the burning rates of flammable liquids. The correct measurement of burning rate |

IPQ DELHI 11-05-2018 17:28
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with proposed new test set-up ensures that all the realistic boundary conditions are
imposed to measure the maximum buming rates that could occur in a real sized
tanks storing flammable liquids. Such precise measurement of burning rate will
help to develop proper safety distances from the fires to the people and

infrastructure thereby saving the losses of all kinds.

The schematic of test-bench is shown in Figure 3 which compmses reservoir 1
contain ligmd fuel supply it to the fuel pan i3 through gate valve 2, motor 3,
pump 4, valve 5, pressure relief valve 6, flowmeter/mass flow controller 7, valves
7, 8, piping 9, steel table 10, fuel collection cone 12. The pan 13 is 95% filled

with a liquid fuel 13a. The pan 13 is connected to a load cell 15 via a shaft 14.

The fuel] was ignited by a lighter/hand torch (not shown) and flame 14a develops.
Thermocouples 15a were also connected via a stand 16 to record the temperature
of flame. The measurements of mass loss in load cell 15 and thermocouples were

transferred via cables 17 to data acquisition system 18 and then to the computer

- 19.

In Fig. 3b pan receives the fuel from the collecting cone, ignites and flame
develops. The thermocouples 15b measure the flame temperatures at different

axial locations and 13b measure the temperature rise of the liquid fuel.

In Fig. 3c a closer view of the fuel pan shows the additional thermocouples inside

the liquid fuel which measure the temperature rise with time.

In Fig. 3d the test arrangement for maximum burning rate is shown. A fan 21 is
located diagonally via a shaft 20 to the flame which provides different wind speed

and enhances the burning rate of liquid fuel.
Each measuremerit was repeated for three times to ensure the reproducibility.

The average values were taken with a standard deviation of = 5%. The errors were

within = 1 gram for constant fuel level measurement.

The results obtained from the present test methods and differences between prior
art are shown in Figs. 4, 5a, 5b and listed in Table 2. All the fuels when burned
with the present test methods have shown 20-31% higher burning rates than that
in prior-art. This is due to the development of a steady-state condition between

unbumed and burned fuel layers which was not there in the prior-art.

DELHI 11-85-2818 17:28
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In an aspect, the influence of wind boundary conditions on burning rates are

shown in Fig. 5a. Under 5 m/s wind speed the bumning rates for burning rates for
the considered fuels increased between 8% (ethanol) to 40%(diesel) when
compared to prior-art. Similar results are obtained for a wind speed of 2 m/s too
ranging 15% (diesel) to 34% (gasoline). In Fig.5b the maximum burning rates for -
different fuelsmeasured with different wind speed have been shown. The
maximum burning rates are generally shown d > 1 m. The same maximum
burning rates can be measured for d = 0.1 m provided the wind boundary
conditions are increased to introduce same amount of entrainment/turbulence. So
using the present test method ihe maximurm brurni'ng rates for a fuel can be
measured in the lab-scale set-up itself. This will save lot of cost and time and

ensure accuracy.

Table 2: Mass burning rates in prior-art and present invention and corresponding

increase in the same with different wind speed.

Diesel Om/s |2.6mis | S mis Gasoline Omis |2.6mis | 5mis
Prior Art 3.57 9.43| 1006 Ipror Art 1058| 28.87| 33.73

' Prc:;‘sent 4.7 11.7 16.2 Present 14.6 43.5 491
% increase 24 5] 40| (o increase | 27.5| 336 31
Ethanol Omis |26mis | 5mis Biodiesel |O0m/s |[26m/s | S5mis
Prior Art 5.71 9.35| 12.87 ] |Prior Art 2.23 562| 7.38
Present 7.1 11.4 14.1 f’rgsent 3.25 6.68 9.23
% increase 19.6 18 g| L% increase 31 16 20 |

Depending on the plant conditions (strong wind, moderate wind, calm) different
burning rates can be used to estimate the total fraction of heat that will be lost in

form of radiation as written in eqs. below

Qmax-z m”maxAHc(kW/mz) ............. (1)
Qradimax= Frad 1 max AHcKW/m?)............. (2) ,

Where Q.. = radiative output(kW/m?)
f..q= radiation fraction (-} (0.15 to 0.25)
I mac= Maximum mass burning rate (kg/m*.s)

AHc= Heat of combustion (kJ/kg)
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Such maximum radiation emitted by a fire can be further used to develop safety

"distance by the equation below

E(AY)= 10 Q rad.maxr KW/m?)..... (3)

Where E= irradiance at a distance (Ay)

1 = transmissivity of firé (-) usually 1.

d= view factor (~)

In egs. (1); (2) and (3) it is shown that the safety distance from a single tank fire is
directly related to the maximum mass burning rate of the fuel. In case the same 1S
measured inappropriately as in prior-art the safety distance will also be much
smaller than expected posing an increased risk to the public and property. In
present method we have developed a test method and stand to measure the mass

burning rate correctly in a scientifically justified way.

The fuel pan is filled with 95% of flammable liquid and then ignited with a hand
torch. The motor/pump is switched on from the computer software and the supply -
of fuel begins at a low rate (1 ml/min). The supply rate is controlled by using the
mass flow controller and gradually matched with the burning rate. This is verified
by the load cell reading on the cofnputer'. When the mass fluctuation is about 1
gram it is said that the supply rate equals the burning rate. This supply rate of fuel

becomes the correct mass burning rate under steady-state conditions.

 In the second part of the invention the maximum burning rate.is measured in the

similar way as above except the flame was subjected to different wind speeds by

using swirling fans of different capacities and mounted diagonally on the steel

shaft on one of the leg of the table. The different wind speeds generated different

levels of turbulence. The maximum turbulence produced maximum burning rate
of the fed duel. This way the maximum supply/feeding rate was termed as the

maximum buming rate of any flammable liquid.

In another embodiment, the present invention provides correct measurement of

. burning rates which are 8-40% higher than in pﬁor-art. It provides correct and

realistic measurement of burning rates of large tank fires in small-scale laboratory

test set-up, realistic estimation of safety distances (8-40% higher) for oil/gas
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storage facilities and transportation of hazardous substances and optimum

estimation of foreseeable fire hazard for proper risk assessment.

Numerous modifications and adaptations‘ of the system of the present
invention will be apparent to those skilled in the art and thus it is intended by
the appended claims to cever all such modifications and adaptations which

fall within the true spirit and scope of this invention.
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WE CLAIM:

1.

A system and method for measuring the burning rates of flammable liquids
comprises reservoir 1 containing liquid fuel supply it to the fuel pan 13
through gate valve 2, motor 3, pump 4, valve 5, pressure relief valve 6,
flowmeter/mass flow controller 7, valves 7, 8, piping 9, steel table 10, fuel

collection cone 12 wherein the pan 13 is connected to a ioad cell 15 via a shaft

- 14, thermocouples 15a were also connected via a stand 16 to record the

temperature of flame.

The system and method for measuring the burning rates of flammable liquids,
as claimed in any of the preceding claims, wherein the measurements of mass
loss in load cell 15 and thermocouples were transferred via cables 17 to data

acquisition system 18 and then to the computer 19.

The system and method for measuring the maximum burning rates of
flammable liquids, as claimed in any of the preceding claims, wherein the
maximum mass loss are achieved by subjecting the flame to different wind

turbulence by fan.

The system and methodfor measuring the burning rates of flammable liquids,
as claimed in any of the preceding claims, wherein the ﬂammab]e'h'quid 1s .
diesel, gasoline, biodiesel, ethanol or any other such kind

The system and methodfor measuring the burning rates of flammable liquids,
as claimed in any of the preceding claims, wherein-the fuel pan is filled with
95% of flammable liquid and then ignited with a hand torch, the motor/pump
is switched on and the supply of fuel begins at a low rate (1 ml/min)
whereinthe supply -fate is controlled by using the mass flow controller and
gradually matched with the burning rate:

The system and methodfor measuring the burning rates of flammable liquids,
as claimed in any of the preceding claims, wherein when the mass fluctuation
is about 1 gram it is said that the supply rate equals the burning rate,the
supply rate of fuel becomes the correct mass burning rate under steady-state -
conditions.

The system and methodfor measuring the burning rates of flammable liquids,
as claimed in any of the preceding claims, wherein the method provides

correct and realistic measurement of burning rates of large tank fires in small-
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scale-laboratory test set-up, realistic estimation of safety distances for oil/gas
storage facilities and tranéportatjon of hazardous substances and optunum

estimation of foreseeable fire hazard for proper risk assessment.
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ABSTRACT
A Novel Test Stand and Method to Measure the Burning Rate of Flammable
Liquids

The present invention provides a system and method for measuring the burning
rates of flammable liquids. A new test system and method for measuring the
maximum burning rates of flammable liquids. The correct measurement of
burning rate with proposed new test set-up ensures that all the realistic boundary
conditions are irhposed to measure the maximum burning rates that could occur n
a real sized tanks storing flammable liquids. Such precise measurement of burning
rate will-help to develop proper safety distances from the fires to the people and

infrastructure thereby saving the losses of all kinds.
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