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Table 1 Physical and thermochemical data of liquefied

gases.
* Calculated value
Ethylene-acetylene
Methane |Ethylene |n-Butane mixture (Nitrogen
(ratio 8:2)
Molecular weight 16.04 28.05 58.12 27.65* 28.01
Melting pmm
(1 atm. °C) -182.5 | -169.2 | -138.3 -129.5 -210.1
Roiling pomt
(1 atm. °C) -161.5 [ -103.7 | -0.5 -100.5 -195.9
Specific gravity
of liquid 0.42 0.568 0.60 0.566 0.808
(1 atm. b.p)
Specific gravity
of gas (air = 1) 0.554 | 0.975 2.066 0.955 0.967
Crifisal temperature | _ga1 | 95 | 1520 7.4 ~147.2
Critical pressure
(atm.) 45.8 50.7 375 474 335
Flammable limits
(vol. % 5.0~15.0/2.7~36.0| 1.8~8.4 2.7~35.0 -
Heat of vaporization
(keal/kg) 121.8 107.0 92.1 1146 47.7
Heat of combustion
(Gross, keal/kg) 13265 | 12021 | 11837 12003+ -
Heat of combustion
(Net, keal/kg) 11953 | 11271 | 10932 11322+ -
S, eclﬁc heat of
3 0.5271 | 0.660 | 0.3908 0.644 Q0.482
(Cp, kcal/kg -°C)
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Table 2 Flame spreading velocity over the surface of
cryogenic fuels.

Spreading velocity (m/sec)

Tray size Burning rate (mm/min)
dia. 0.75m 6
1.5 x 1.5m 9.5 ~13.5
dia. 3m 8 ~ 95
6 x 6m 12.3
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Table 4 Burning rate of cryogenic fuels.
(Value calculated from Eq. (1))

Fuel Burning rate (mm/min)
LNG 7.3
LEG 8.0
LPG (B) 9.4
LEAG 7.5
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Table 5 Radiation from cryogenic fuel fires under

wind free condition.

Fuel Irradiance* (kcal/m? h) Tray size
LNG 1300 2.65 x 2.65m
LEG 2300 "

LPG (B) 1700 "
LEAG 1900 "
Gasoline** 1000 dia. 3m

*  Values at 15m from center of tray
** For comparison
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Table 6 Burning rate deduced from radiation data.

Fuel Burning rate (mm/min)
LNG 10.4
LEG 12.9
LPG (B) 9.3
LEAG 10.7
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Report of Fire Research Institute of Japan No37 (1973)

Burning Characteristics of Cryogenic Fuels

(Abstract)

Yoichi Uehara, Taro Yumoto and Susumu Nakagawa
(Received May 31, 1973)

A field test was made to explore the burning characteristics of cryogenic fuels, such as
liquefied natural gas (LNG), liquefied petroleum gas (LPG), liquefied ethylend gas (LEG), and
mixture of liquefied ethylene and acetylene gases (LEAG).

These fuels were burned in three kinds of aluminum trays insulated with glass-felt, and the
burning rates, flame temperatures, thermal radiation from flames and flame propagation
velocities over fuel surface were measured.

The conclusions obtained are summarized as follows:

(1) The magnitude of radiation of cryogenic fuel fires is very large as compared with gasoline
fire under the same condition and their values for LNG, LEG, LPG, and LEAG are 1.3, 2.3,
1.7, and 1.9 times as large as gasoline, respectively,

(2) The burning rates deduced from radiation data are 10.4, 12.9, 9.3, and 10.7 mm/min for
LNG, LEG, LPG, and LEAG, respectively.

(3) The flame propagation velocity over LNG surface is comparable to that of gasoline.
However, those of other three cryogenic fuels are about twice as fast as gasoline.
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Report of Fire Research Institute No37 (1973)

An Estimation of Pressure Change in the Agent
Container for Fire-Extinguishing System

(Abstract)

Shuzo Yamashika
(Received July 7, 1973)

In designing a fire-extinguishing system which discharges the agent using the pressure of
inert gas, the agent container pressure is an important factor to secure a suitable discharge rate
of agent. In this report, a method for estimating pressure change in the container during
discharge is given.

The increase rate of total mass of gas in the container is the difference between the rate of
gas charge and that of gas discharge. The equation of increase rate of pressure was derived from
the equation of the increase rate of total mass of gas. The pressure change in the container of
various cases can be obtained by solving the equation of increase rate of pressure. The
estimation agreed well with the experiment.
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Fig.1 Rescue training pits used for the experiment
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Table 1. Smoke density, temperature and humidity in pits in each test.

Experimental Number 1* [ 2° | 3* [4° |5* [6° [7* |8° |9* [10°
1.6m above
Smoke density floor 0.20 [0.15 {0.37 |0.16 [0.37 |0.34 [0.45 {0.33 0 0
The first (extinction )
experiment coefficient 1/m g.Sm above 0.16 0.25 0.27 0.32 0
oor . . . .
Temperature and humidity in pits 20°C 50%
Lemabove 1054 1048 [0.35 [0.27 [0.31 [0.27 [020 [0.12 | O | ©
Smoke density
The second extinction
experiment | ( coefficient 1/m ) 0-8m above | 34 0.23 0.22 0.17 0
Temperature and humidity in pits 20°C 50%
Lbmabove 148 047 [0.72 073 [0.84 (083 | 0 | 0
Smgketglensity
The third extinction
experiment | coefficient 1/m ) 9:8m above |35 0.63 0.72 0
Temperature and humidity in pits | 30°C 10% | 50°C 35% 60°C 10%
Remarks * Level walking 16

° Stairway walking
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Report of Fire Research Institute of Japan No.37 (1973)

Actions of Firemen in Smoke

(Abstract)

Yuichi Watanabe, Kenichi Nayuki and Kozo Torizaki
(Received August 14, 1973)

An experimental study was carried out in order to investigate actions of firemen in the
smoke. The experiment was performed utilizing the training pits for mine safety. In a variety of
smoke densities, the test walker, equipped with an air breathing apparatus and carrying a
portable light, walked along the designated courses either horizontal or including the stairway,
while his walking speed and respiratory rate were measured. Through this experiment, the
following facts were found.

(1) In rather low range of extinction coefficient of smoke, i.e., from 0 to 0.5 1/m, the walking
speed decreases as smoke density increases, while in the range of extinction coefficient over
0.5 1/m, the walking speed is nearly constant and equal to that in total darkness.

(2) As the walker gets experienced with the course, his walking speed increases by 0.5 m/s in
the horizontal route or by 0.3 m/s in the stairway.

(3) The walking speed is lower at corners than with straight portions of the course. When the
walker happens to fall down in the smoke, he will lose a sense of direction.

(4) Walkers unaccustomed to smoke and the walking course need larger respiratory rates.
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Table 2. Critical burning size for a typical size hood

height of wigdow (half open) :26.5cm
width of window : 130 cm
exhaust air rate : 10.2 m?®/min
critical temperature rise 1 250°C

Table 1. Air leak through window
air inflow velocity at window: 50cm/sec
(before start of fire)

Height of lower |1, e rature rise throelfilﬁlr(ldfbw
end of window P Yegs or No
22.5 cm 250°C No
310 No
520 Yes
33.8 210 No
320 No
475 Yes
45.0 230 No
330 Yes

Ttz id, FFEHEoBE L w25 GH
DEERILERE),

7= FADRAZLRE 2B50CHTERS R DILE
wEE Y, RO ET.13cal /mol /deg & 1) 7.43 X 10
cal/me i b, 22T, W 2rDHEIZIOVT, %
D WBIREE » S FROBERBBERE L KD TAHAR, —
WA —2 ) v 7 —F (1D 130em) TEY
BIx (26.5em) DIKIET, FHEBNBRRAZEE
$90.5m/s ($E%R10.20f /min) THEHAEN TV 3L ED
B R BE L2 Table 21271 T, BER~ D B5153100%
DEIE, HEDTEEMEE L T, SHERIFER L LD
LI ENRERELLEEDETH S, *5/ —)
YLy ) —niionTid, EBRIZLD, 7—Fn ¥
FADIE T2 ERBED» LPER~DBNEE Ko 72,
COBMEIITEEBREIC L ZRARICNT 2ERNE
rBEOLETHL, £L T, ?%6hf:§&’ib$t?&’i‘b
F 100% 22T, RO RMERE L FTEIC L
Kvtz, T bre~xHronTid, R «mﬂ%
B 100E50%I2 DT, ERFRMBEHE % EICFHEL

Some examples of critical burning sizes for the hood
Fuel amounts
Fuels Heat of required to heat Critical length of
combustion | 1m3of exhaust Heat efficiency Critical  |Critical diameter of | channel shaped
air by 250°C to exhaust air  |burning rate | circular fires fires with width
of 10cm
.0 g/min |35 cm 6 cm
Methanol | 173.6 kcal/mol 0.232 mol 100 % 7608 35 (1.0mm/min)* i (1.0mm/min)*
60 30sec. after ignition | 126.0 60
100 57.8 28 73
Ethanol |326.7 0.123 o (1.1) (1.0)
50 30sec. after ignition | 115.6 39.6 46
Acet 427.9 0.094 100 558 24 (1.5) 70(1 0)
eetone ' ‘ 50 111.6 34 ' 40
100 35.5 40
Hexane 995.01 0.0404 50 71.0 2. 6(2 .0) 80(1.0)

* burning rates used for calculation of critical burning scales.
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On Adverse Flooding of Radioactive Contaminated
Air from Oak Ridge Type Hood on Fire

(Abstract)

T. Morikawa, T. Moriya
(Received September 18, 1973)

The inside pressure of Oak Ridge type hoods is kept negative in the normal operation in
order to prevent the radioactive contamination from spreading outside the hoods. But, if fires
break out in the hoods, it is possible that the pressure inside will turn to positive because of
the fire heat.

The present study deals with relations between pressure rises and the extent of fires or
temperature rises in the hoods, and requirements of the hoods which would prevent
any contamination spread outside the hoods by fire.

Fire experiments were conducted in a ventilating system-equipped chamber modeled after
Oak Ridge type hoods (Fig. 1). The burning of methanol or other flammable liquids in circular
pans of different sizes, cooled by flowing water, was used as a fire model. The pressure
distribution was measured by means of differential manometer connected to 5 portholes
prepared at 20 cm intervals along a vertical line on one side of the chamber. The mean
temperature in the chamber was represented by the temperature at the mouth of the duct
which was measured with a C-A thermocouple.

Above the lower end of the up-down sliding door, the experimental curves of pressure rise
were near in agreement with the theoretical curves in which the neutral level was set at the
level of the lower end of the door (Fig. 4). Below the lower end of the door, the difference
between the outside and inside pressures was too small to be detected.

The critical temperature rise, above which the contaminated air will escape through the
window, was determined to be 250°C on the basis of Table 1, in the case of the standard
operating condition of the hood (air inflow velocity of 0.5 m/s at window).

The critical burning sizes of various flammable liquids for the standard operating condition
were also determined by calculation (Table 2).

It is advisable to reform the hood so that the bypass may be positioned on the exhaust
duct, instead of the chamber itself, and also to devise measures to confine the fire to as small
area as possible if it should take place.
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