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Heavy Oil Fire Test
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Experimental design

> Fuel :

1. Heavy oil

2. 1so-propanal: 20 ml |

Poured on the top of heavy
oil as an ignitor. 1509705 Hood

i

I

[

PSN
sampling

ana

PAHs
sampling

Canister
sampling

> Facilities :
1.Load cell: mass loss rate

2150 9705: HRR, CO CO2 | ™™= —0 \,

water fuel
3.Heat flux meter: radiation ’j o coll i i i

Heat flux meter

IR camera
bv

4. Thermocouple: flame
temperature

5.IR-carema: flame
temperture
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Laboratory

® The diameter of heavy oil pan was 20, 40 and 60 cm,
respectively. The depth of the fuel is 3 cm.

3
<12 0.5
|
j 10 A
i 02—
N w
a 0=
! o
H
| % 0.05}—
» 3
% |
< : o ‘ 0.02 O CRUDE OIL
05 } 2 A | A\ TOLUENE
‘ LAMINAR FLOW REGIME /TR.-\.\'SmO.\; TURBULENT FLOW REGIME .01 i__ 1Cr/l:r [: HEPTANE
Lol Lt Lt ERERY L X
o 01 1 10 | | L
Pool diameter (m) 0.2 0.5 1 2 5
PAN DIAMETER {m)
Drys_da!e D, Introduction to Fire Dynamics, 2nd edition, Wiley Koseki,H. The Effect of Diameter on the Burning of Crude Oil
publishing, p.161, 1998. Pool Fires, Fire Technology Vol.27, p.59, 1991.

> Drysdale showed that the burning scale affects the burning behavior,
giving three regimes: <0.1 m, 0.1~1.0 m and > 1.0 m.

> Koseki showed that the smoke production changes with scale.

> Mass loss rate, heat release rate, heat flux, flame height and flame
temperature were measured.




Heavy oil burning in 20cm pan

Heavy oil burning in 40cm pan
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Heavy oil burning in 60cm pan

Flame height

. Flame Height
m Flame height : 120 9
D-20 » 25 cm 100 °
T 80
D-40 » 60 cm 2w R
D-60 » 100 cm £ 40
20
0
0 20 40 60 80 100
D (cm)

B Flame height increased with scale due to higher HRR and diameter (D).

2
Ly =0.23Q2 —1.02D
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Mass loss rate

= Ignition time

D-20 : 100s

D-40 : 80s

D-60 : 60s

m Steady combustion time
D-20 : 400~2000 s
D-40 : 500~1200 s
D-60 : 200~800 s 0,005

] Average mass loss rate 0
D'ZO ’ MLR:OO].Z kg/mZS time (s)

Mass Loss Rate

o
Q
@

——20cm
——40cm
——60cm

o o
o o o Q
= =3 o ]
53 o N a1

MLR (kg/m?s)

0 500 1000 1500 2000 2500 3000 3500

D-40 » MLR=0.017 kg/m?s
D-60 » MLR=0.023 kg/m?s
® MLR : D=60>D=40>D=20

m The mass loss rate increased with scale due to more radiation
feedback.

Heat release rate

I Average heat release rate : Heat Release Rate
D-20 » HRR=280 kW i
D-40 » HRR=360 kW o
D-60 » HRR=506 kW £ 500 —60cm
§4oo
. o & 300
B Combustion efficiency * 200
HRR= x - m' - A - AHC 100
Heat of combustion 0 0 500 1000 1500 2000 2500 3000 3500
AH=42.5 (MJ/Kkg) {me()

W The values of y for 20 cm-, 40 cm- and 60 cm-diameter heavy oil
were 0.55, 0.5 and 0.48, respectively.

X decrlea_sled with scale due to more difficult mixing of oxygen and fuel
volatiles.

10
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= CO/CO,:

D-20 » CO/CO,=0.011
D-40 » CO/CO,=0.031
D-60 » CO/CO,=0.038

COICO,

0.05

0.04

0.03

co/co,

0.02

0.01

Co/CO,

——20cm
——40cm
60cm

0 500 1000 1500 2000 2500 3000 3500
time(s)

C0/C0, increased with scale due to more difficult mixing of oxygen and

fuel volatiles.

11

Radiation heat flux

m Radiation heat flux:

D-20-1m » 0.25 kW/m?
-1.5m » 0.17 kW/m?

D-40-1m > 2.4 KW/m?
-1.5m > 0.9 kW/m?

D-60-1Im - 8.4 KW/m?
-1.5m > 3.5 kW/m?

12

10

heat flux (kW/m?)

v

0

Radiation Heat Flux

=20cm-1
==20cm-1.5m
=—40cm-1
——40cm-1.5m
===60cm-1m
60cm-1.5m

500 1000 1500 2000 2500 3000 3500
time (s)

BHigh radiation heat flux performed for fires with larger
HRR and shorter distance between the fire and measuring

points.

12
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Flame Temperature

Flame Temperature
1200

Il D-20 > 380°C~420 C 1000 o
D-40 > 650 C~700C 00 e

D-60 - 750 ‘C~800°C

600

temp ()

400

200

0

0 500 1000 1500 2000 2500 3000 3500
time (s)

H The fluid behavior of the 20 cm-diameter fire is on the transition from
laminar to turbulent, while that of the 40 cm- and 60 cm -diameter fires

were turbulent.
B The information of flame temperature is a key factor for analyzing the
production of pollutants.

13

All the combustion
information is important for
analyzing the production of

pollutants.

14
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