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2.1 LHEREBEMNSR

(1) 25 ah 4. BIAE, 55 108 L, R~):
®500 mmx550 mm , #1 5l 20 540, BEJE S 2 mm,

(2) RJE: B RSFA/NT 50 mmx50 mm AR %
PAR]#EZ) 100 mm i AR

(3) @@kat: T HCE A, R 500 mm(L) x
500 mm( W) x1000 mm( H),
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Table 1 Physical and chemical properties of experimental oil
I . combustion
) ignition explosive
flashing A flame .
fuel . o, temperature limit main uses
point/°C temperature
/°C /% o
/°C
fuel of large
-10PD =65 257 no data 700 ~800 vehicles, ships
and weaponry
RPS =60  nodaa  0.6~3.7 850950 KOS

fuel of plane

(2) 109 A1 Rk . v 25 Bl A bR 3k 4 4100 4 b RE T A
THEBR) AP E A2 30 mm, BABR TR 1.65 g, fMARER
FER A E BRI TR RERRE MR, AR
R0 1 S A R R T A S 9 R
2.3 XWHEMIRAHE

Z: B o (A B2 W32 a3 KR i 1IN ] R 43 3
776 ) (GB/T 143722013 ) Hh fE K 57 ¥ 418 K 58 5
505k, WL ke 54 Lok ay il AR 78 A kA 1
TR SN D K A B PR VR TR AL

(1) BA B2 IR SR M A e 4, — B 2R 15 I E
M 28 > — B 2 AL

(2) fa B A4 55 47 5

(3) BB (il ko Ek PG R ) .

He BRI E R Bk (B A% 2 60 kg - m™)
) SIS VM AR R T A R AR L, RGEME T & @ AR T,
HE R RAR AR BUR /N T 6.25 m® | AR5 I 48 H I A
NGFANTT M EDL 1.0 mo FEMAR YR B =1 (BT
JAVTE ) BE B 2% 4 om A RS ECE DGR AR, O HLAE I
TEAR ot S AR O Rl R o A K R GE R T B 5 1Y

CHINESE JOURNAL OF ENERGETIC MATERIALS

AR SR A, I I [R] S R R, — R O
0 I3RS 7 S A8 A 3 368 B AR AL e PR AR L L ZL Ak
AR A B & ) B AE R XUIE Y 30, 140,
140,15 m Ak, 52803 A Eox A1 B . 8
FARPLA T IC i A B R g a5 s i AR LA T
TARE I WIS SO KR B 40 5 R 2 1000 Wi /s; 41
SNBSS WS K BR 9 3R IR S, R R R
D931 ms/UC; B BT IC S T A R A K A A FA
AR RFESR N T K /s,

verification board —"|

verification board

(- fuel tank

wooden cage
o ,1‘ — metal grille

7 4 ~
e ~

v / N
camera /% / \\ %\ heat flux meter
/ \

infrared thermal imager /E ;% high-speed camera

B s o A

Fig.1 Schematic of experimental layout
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b. test 2. —10PD+explosion suppression balls

c. test 3. RP-5

d. test 4: RP-5+explosion suppression balls
B2 AR RS IR

Fig.2 Photos of fuel tank cook-off experiments
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Table 2 Damage to fuel tanks and status of verification board
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status of

test experimental conditions

initial burning time
of fuel tank/s

fuel tank damage

verification boards

status of jet fireballs

several cracks on

jet flame about

! -10PD 280 the top of fuel tank. no obvious indentation 4 m longer than that wood fire.
-10PD losi | ki Lo .
2 \{ Fexplosion 328 several cracks on no obvious indentation
suppression balls the top of fuel tank.
fuel tank ton was blown a verification board the diameter of fireball excee-
3 RP-5 326 P was knocked down by ded the distance between
up about 30 m. . I
explosion shock waves. the 2 verification boards.
RP-5+explosion several cracks on the the diameter of fireball excee-
4 P 447 no obvious indentation ded the distance between

suppression balls

top and bottom of fuel tank.

the 2 verification boards.
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Table 3  Sizes and surface temperature of jet fireball

test  S/m? d/m h/m T./K T./K t/s
1 3.53 1.76 5.41 1494.65 1142.35 7.81
2 1.21 1.49 1.84 1104.05 711.15 0
3 226.85 22.01 14.75 2031.75 1567.45 3.20
4 130.58 12.44 17.63 1774.45 1213.25 15.65

Note: S, d, and h are respectively the maximal cross sectional area, diame-
ter, and height of the fireball at this moment. T is the highest surface
temperature reached during the development of jet fireballs. T, is the
average surface temperatures of jet fireballs at the moment when T is

reached. tis the time span while the surface temperature of jet fireballs

stays above 1273.15 K.
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Fig.3 The infrared images of jet fireballs at 10 min
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Table 4 Thermal radiation parameters of jet fireball

test T,'/K R/W - m™2 Grax /W + m™ AT /°C
1 1142.35  9.66x10* 964.6 11.29
2 717.45 1.50x10* 341.3 5.48
3 1574.65  3.49x10° 6158.3 44.35
4 1226.55  1.28x10° 4334.4 23.97
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ence-time for jet fireballs

Curves of the heat flux-time and temperature differ-
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Table 5 Heat flux damage consequences of jet fireball
osition experimental damage consequences near
P conditions cook-off position
-10PD severely burns for 10 s
_1OPD+?XP|OS|OH pain threshold for 1 min
near suppression balls
cook-off . .
position RP-5 1% mortality 10 s exposure
RP-5+epr05|on 1% mortality 10 s exposure
suppression balls
_10PD no discomfortable
for prolonged exposure
the location
away from  — 10PD + explosion no discomfortable
cook-off suppression balls for prolonged exposure
position
15 meters RP-5 pain threshold for 15 s exposure
away

RP-5+explosion
. pain if exposure for more than 20 s
suppression balls

Note: Heat flux thresholds to human damage have been deducted by re-
searchers from both home and abroad, based on theory and biological
experiments. The consequences to personnel damage provided in Ta-

ble 5 were evaluated according to relative references.
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Fast Cook-off Performance of Fuel Tanks with Explosion Suppression Infill

HUANG Yong'*, LU Chang-bo’, AN Gao-jun’, XIONG Chun-hua’, XIE Li-feng'

(1. School of Chemical Engineering, Nanjing University of Science and Technology, Nanjing 210094, China; 2. School of Environmental and Safety Engineer-
ing, Changzhou University, Changzhou 213164, China; 3, Oil Research Institute, the General Logistics Department of China people's Liberation Army, Beijing
102300, China)

Abstract: In order to evaluate the effectiveness in flame retardant and explosion suppression of the infill, a comparative study of the
fast cook-off performances in terms of destructive consequences was carried out between the fuel tanks with spherical explosion
suppression infill (or explosion suppression balls for short) and those without. Cook-off experiments were performed on tanks with
diesel fuel (~10PD) and jet fuel (RP-5), respectively, simulating the situation of fuel tanks of vehicles or aircrafts being cooked
off. The sizes of the fireballs, the surface temperatures, and the parameters of heat radiation were recorded respectively with a vid-
eo camera, a high-speed camera, an infrared thermal imager, and a heat flux meter. Results show that jet fire or even explosion of
vapor cloud would occur while fuel tanks being cooked off so that the primary destructive activities are the thermal effect of jet fire-
ball. The fuel tanks with explosion suppression balls out-performed those without for —TOPD as well as for RP-5 in terms of the post-
pones of the initial combustions for 48 s and 121 s, the reduction in maximal cross-sectional areas for 65.72% and 42.44% , the de-
crease in the surface temperatures for 26.13% and 12.66% , respectively, and apparent decrease in heat flux damage consequences.
Key words: diesel fuel; jet fuel; cook-off; explosion suppression balls; jet fireball; heating effect; heat flux
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