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Overview of Experimental Studies on Vapor Explosions

Kiyofumi MORIYAMA, Norihiro YAMANC, Yu MARUYAMA
Tamotsu KUDO and Jun SUGIMOTO

Department of Reactor Safety Research
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{Received November 28, 199u)

Experimental studies of vapor explosions were overviewed and currently
available knowledge was summarized with emphasis on the large scale
experiments. Since 1970s, quite a few large scale experiments have been
performed, which have included several types such as pin geometry experiments
simulating the early stages of severe accidents in nuclear reactors, and melt-
coolant interaction experiments with drop/jet geometry or stratified geometry
simulating the phenomena expected to take place after a large scale core melt-
down. According to previous experimental results, following facts are
clarified;spontaneous explosicns are not likely with saturated coclant and/or
with high pressures;the energy conversion ratio in large scale systems is in
the range 0.1~several percents;if the coolant is sodium generally benign
interaction is expected compared with the case of water coolantjetc.
Recently, accompanied with the development of numerical simulation ccdes for
vapor explosions, considerable efforts are devoted into premixing experiments
and one dimensional geometry experiments oriented to provide data for the

comparison with numerical simulations.

Keywords: Severe Accident, FCI, Vapor Explosion, Large Scale Experiment
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Ispra Tank Facility (JRC Ispra) [28]

Purposes

- To investigate FCI phenomena with core and siructural materials.

Conditions

~3kg, 1500-1800°C
VO, particles ~1.5kg,1120-1800°C
U0, meht ~4kg, 2850°C
Water with/without dissolved gas

Large 3501, Small 6.51]

N,. Ar,He 0.1, 25MPa

Melt/Water volume ratio:  1/1000-1/2

Melt: Stainless steel

Coolant: 20-230°C
Vessel:

Cover gas:

Results

- Mare than 50 successful runs.
- No steam explosion and fragmentation occurred.
- Fast (about 2sec) pressure rise.

BETULLA 1,

II facilities (JRC Ispra) [29]

Purposes

- Initial mode of boiling upon fuel/sodium contact.
- Resultant fragmentation behavior.

Conditions

Melt: SS, Cu High superheat, 0.3-2kg
UQ,, ALO, Melling point (2850, 2015°C),
Na, 200-700°C

¢56cm, Height 170cm (4201 ) (BETULLA 1)
5.71 (BETULLA I)

Ar

1-2kg
Coolant:

Vessel:

Cover gas:

Results

- Transition boiling prevailed in subcooled sodium, no energetic FCI occurred.
- Two mechanisms of fragmentation: hydrodynamic / thermalstress (smooth/fractured debris).

FARO-THERMOS experiments (JRC Ispra) [30, 31]

Purposes - Large scale molten fuel/sodinm interactions.
- Melt jet penetration, {ragmentation, debris bed formation.
- Possibility of vapor explosion,
Conditions |Meli: U0,, 100kg, 3000°C Coolant: Na, 130kg, 400°C
Vessel: $280mm, Height 2.5m Cover gas: Ar, 0.1MPa
Results - Limited quantities of melt penetrated and fragmented into sodium {<Im long}.

- The limitation was a result of FCIs in the mixing zone.

saturated sodium. (peak 5-6MPa)

- Energy conversion ratio 0.03% for an FCIL

- The FCls were interpreted as local vapor explosions involving a limited quantity of melt and
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FARO-LWR scoping tests (JRC Ispra) [32]

Purposes . Melt/water penetration and mixing.
- Hydrogen production.
- Thermal loads on structures.
- Debris structure.

Conditions | Melt: Coriom, 18-4dkg, 2700°C, $100mm jet
Coolant: Water, 120-255kg, 265°C, Depth ~lm
Vessel: $0.5-0.7m, Height Z.5m
Cover gas:  Ar+Steam,SMPa

Results - No explosions, pressure rise 1.6-1.8MPa.

- 2/3 of the melt fragmented into debris; median mass dia. ~4mm.
- Max heat flux on the bottom: 0.8MW/m”.

THERMIR facility (AEA Winfrith) {33, 34]

Purposes - To study characteristics of large scale FCIs including propagations.
Conditions | Melt: Tin, Aluminum ~16kg, 300-800°C
Coolant: Water 6-86°C, 0.1MPa
Trigger: Detonator
Resulis - Coarse mixing, trigger and propagation were observed in ten experiments. (propagation velocity

35-400m/s)
- Explosive interaction occutred even with the interface temperature 243°C, which is under the

homogeneous nucleation point of water (300°C}.
- Coherent interactions were observed with large melt/water mixing ratio.

U-Thermite experiments (AEA Winfxith) [35, 36]

Purposes - FCIs with prototypical materials.
Conditions | Meli: U- Thermite, 3400-3700K, 0.5kg (3U+2M00,—>3U0,+2Mo+1.88k1/g)
Coolant: Water 5-15°C, Na 250-400°C
Vessel: ¢40cm, 521
Cover gas: Ar, 1.2o0r3.61, 0.1-1MPa
- Under water melt releasc.
Results - Explosions were triggered when the end cap contacted the bottom.

- Smaller cover gas volume and higher pressure — dispersion and fragmentation of the melt into
water was restricted.
- Energy conversion efficiency related 1o debris less than 150mm was 1-2%.

- For UO,-Na system, conversion efficiency was an order smaller.
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MFTF facility (AEA Winfrith) [37]

Purposes

- Scaling effect on the energy conversion ratio.

Conditions

Melt: U-Thermite, 25kg

Coolant: - Water

Vessel: ¢1.2m, Height 1.5m

- Under water melt release.

- Melt dispersion was confined with a 'catch pot'

Resulls

- Energy conversion efficiency (the rate of mechanical energy to the thermal energy occupied by
the melt involved in the explosion: debris less than 280mm) was 1-4%, and did not significantly

depend on the melt mass in the rage of 0.03-18kg.

EXO-FITS (Open geometry)(SNL) [38, 39]

Purposes - Overall phenomena by high speed photography (transparent vessel).
Conditions |- CM series: Thermite ~19kg / Saturated water
- OM series: Iron oxide melt ~10kg (Effect of hydrogen generation)
(potassium perchlorate + iron thermile reaction)
- Coolant Viscosity Effect: Thermite S0kg / Water+Cellulose gum 2w% (m,~100)
-
Results - Rapid boiling near the water surface prevented decp penetration of the melt into the water in

saturated case. (no explosions 7/10)
- Energetic explosions occurred in subcooled water. (5/5)
- Energetic explosion even in saturated water in oxide-melt case.(1/1)

- Viscous coolant suppressed explosjons.(1/1)
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FITS (Fully Instrumented Test Site) (SNL) [40~43]

Purposes

- Vapor explosion experiments in a containment vessel:
> Controlled ambient pressure
> Complete debris recovery
> Energy conversion ratio from cover gas compression

Conditions

- FITS-B series:
Thermite ~3000K, ~19kg / Water ~320K (Mf/Mc = 1/1.5-1/15)
(3Fe,04 + 8Al — 9Fe + 4A1,0, + 3.3kl/g)

- FITS-C, D series: (H, generation was measured.)
Thermite or Corium A+R  (U0,,Zr0,,58)~20kg /Water 290-370K
N, ambient 0.08-1.1MPa
Mf/Mc = 1/5-1/20

Results

-Threshold for spontaneous explosions existed:Mf=1.8kg.

-At high pressures(~1MPa), spontaneous explosions were suppressed.

- For water subcooling 75-85°C, interactions were always explosive.

- Double explosions with interval of 140-280ms were observed. ( The first explosion enhanced
coarse mixing for the second explosion.)

- The kinetic energy conversion ratio was approximately constant {~1.3%) for Mf/Mc=1/3-1/15.

- The chamber stored energy conversion ratio increased when MfEMc decreased, and reached
5.1-8.6% when double explosions oceurred.

- Energy conversion ratio was correlated with debris mean diameter.

[ Energy conversion ratio was corrected by Farawila et al. (1990); fotal up 10 2.34%. ]

- H, generation during FCIs might depend on the water subcooling or the degree of fragmentation,

CWTI tests (ANL) [44]

Purposes - Corium-water interactions in a simulated reactor cavity and containment vessel geometry. (1/30
scale)
Conditions | Melt: Corfum (thermite reaction) 2800°C, 1.3-4kg, f1-5cm
(4.67U+2.83ZI'+3F6203+2C1“O3+Ni—>4.67UO2+2.83ZI'02+6FC+2CI'+Ni+2.2k]/g)
Coolant: Water, saturation or 25°C, Depth 0-35cm
Cover gas: N, Ar 0.1-5MPa

Results

- Corium injection into the cavity containing water — fluidization and sweep-out of the
melt-water mixture.

- Direct heating of the containment atmosphere by the mixture dispersion was not significant.

- Oxidation of metallic constituents of the melt resulted in significant H, generation. {up to

14-80% of the possible maximum amount)
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THINA facility (KfK) [45, 46]

- To study phenomenology of FCIs in sodinm.

Purposes
Conditions | Melt: Thermite, 3000K, ~5kg, Injected from below
Coolant: Na, 770K, 155kg, 2.7m deep
Vessel: ®0.3m, 5m high
Pressure: 0.1MPa
Results - Voiding and refilling from bottom to top were observed by X-ray facility.

- Several intensive FCIs (peak 7-16bar) just after injection.
- Energy conversion ratio 0.1-0.3%.
- Debris less than 1mm for 90% mass.

ALPHA facility (TJAERI) [47, 48]

Purposes - Phenomenology of FCIs with relatively large scale geometry.
- To assess the effectiveness of possible accident management measures.
Conditions | Melt: Thermite, 10-20kg, 2700K
Coolant: Water, 280-370K, depth 1m
Cover gas:  Air or N,, 0.1, 1.0, 1.6MPa
Results - Artificial pre-dispersion of the melt generally reduced the possibility of spontaneous explosions,

however, possible optimized mixing condition could cause a more energetic spontaneous

explosions.
- Steam explosions were suppressed when the ambient pressure was over 1MPa or the water was

nearly saturated.

i) ¥z b - IREMELFRAER

JET, ETET experiments (SNL} [49, 50]

Purposes - To study the coarse-mixing of molten fuel jets in water chambers.
Conditions |- EJET (Boiling jet)
Melt: Thermite 37-47kg, ~2700K, $3.8-16.3cm
Coolant: Water 300-360K, Depth 1.6m
- IET (Isothermal jet)
Jet: Freon TF 25°C, $0.1-7.6cm, Velocity 1-3m/s
Bulk: Water 25°C
Results - Very different breakup mechanisms in boiling and isothermal jet.

- Significant boiling and fragmentation near the water surface.
- Mixing diameter reached a plateau immediately, and subsequently, the mixing region expanded.

- Duration of the plateau depended on the initial jet diameter.
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Jet breakup experiments at llinois Univ. (Iinois Univ.) [51]

Purposes - Understanding of boiling jet breakup.

Conditions | Melt: Cerrobend, 85-110°C, £3-30mm, single jet / three jets
Coolant: Freon-11, saturation at latm, Depth ~1.4m
# Observation by X-ray radio graphy and motion picture

Results - No explosion.

- Leading edge velocity and breakup Jength were measured.

- Brekup length was defined as the depth at which the penetratin rate falls to the free-fall velocity
of drops (i.e. the jet core no longer exists).

- Breakup length data was well correlated by Saito's correlation [52].

- Typical debris size was 1-3mm.

Jet breakup experiments at ANL (ANL) [53]

Purposes - Understanding of the mechanism of pour stream breakup and quench in liquid coolant.

Conditions | Melt: Aluminum alloy, 929-973K, ¢5-20mm circular or ¢ 57mm annular
Coolant: Water 300-360K, Depth 1.6m

Results - No explosion.

- Debris size: ~10mm, ~30mm, ~100mm for jet diameter Smm, 10mm, 20mm, respectively.
- The extent of freezing of the melt grobules are sensitive to the water subcooling.

MELT-1] experiments (PNC) {54]

Purposes - To study phenomenology of molten fuel jet-coolant interactions.
Conditions | Melt: Wood's metal (melt point 78.8°C) 90-610°C,
$#6-14mm, Velocily ~2m/s
Coolant: Water 8-97°C
Results - Four types of FCI modes were observed depending on the initial jet and coolant temperatures.

- Boundaries of each mode were agreed with

1) homogeneous nucleation temperature criterion,

2) critical temperature criterion,

3) minimum film boiling temperature criterion.

- Extrapolation of the results suggests that benign FCIs are most likely in the actual reactor

accident condition.
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KROTOS facility (JRC Ispra) [55, 56]

Purposes - Premixing, energetics of triggered / untriggered vapor explosions in 1-D géometry.
Conditions | Melt: Tin 7.5kg, 1350K
Alumina 1.5kg, 2400K, ¢30mm jet
Coolant: Water 293-360K 0.1MPa, Depth 1.1m, ¢95mm (7.51)
Trigger: Gas injection at the bottom
Results Tin:

- Stable propagation of a pressure wave with sharp leading edge, propagation velocity
150-270m/s. (Water temperature 360K)

Alumina:

- No explosion occurred without trigger when the water was nearly saturated.

- High pressure (>100MPa) spontaneous explosions occurred with high subcooling.

- Propagation velocity : 650-1000m/s.

- Energy conversion ratio related to the debris mass involved in the explosion (<250mm) was
0.8-1.3%. (from the gas compression)

WECI facility (Wisconsin Univ.) [57, 58]

Purposes

- Precise data for the escalation/propagation phase
- Effect of particular initial conditions on the energetics

Conditions

Melt: Tin  Skg, 1273-1373K, gravitationa) drop through $38mm orifice
Coolant: Water 360K 0.1MPa, Depth 1.45m, ¢87mm (8.71 )

Trigger: Bottom impact (electro-megnetic hammer) (~4MPa for 170us)

# Explosion in a constrained space

# Energy conversion was measured from the movement of the constraint mass

Results

Series A (similar condition to KROTOS-21):

- Reproducibility was confirmed for the same initial conditions.

- Double propagations: bottom-to-top and then top-to-bottom, peak 2-8MPa, velocity ~250m/s
Series B (spontancous explosions):

- Escalating propagations similar to series A were observed.

- Duration time until the spontaneous trigger were 600-1200msec.

Series C (Effect of trigger strength):

- Single propagations were observed with high trigger pulse (electic charge was doubled).

* Conversion ratioc was less than 1%.

* Melt mass involved in the explosion was estimated less than 2%.
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1-D Vapor Explosion Experiment in Tokyo Tech. (Tokyo Tech) [59]

Purposes

- Criteria for explosive interactions
- Characteritics of 1he pressure wave propagation in the premixing region
- Effect of melt temperature and mass on the peak pressure

Conditions

Melt: Wood's metal (melt point 70°C)  330-550°C, 725-95g, inlet velocity 1.4m/s
Coolant: Water ~30°C 0.1MPa, Depth 1.2m, ¢60mm
Trigger: Under water arc discharge (at the bottom)

Results

- Likeliness of explosive interactions jumped when 1) the contact temperature exceeded the
homogeneous nucleation point of water, 2) trigger pulse exceeded 0.9MPa.

- Two types of pressure wave characters were observed: detonation type (trigger > 2MPa) and mild
type (irigger < 2MPa).

- Quiput pressure pulse became higher when frigger pulse became higher.

- Energy conversion ratio (evaluated by the impulse) was higher in the mild-pressure-wave-type

than in the detonation-type.

v) EIREROER

EXO-FITS ACM series (SNL) [38]

Purposes - Scoping tests 1o evaluate the potential of explosions in the alternate contact mode.
Conditions | Melt: Thermite, 10 or 18.3kg
Coolant: Water, 298K, 0.3 I/s
- Water was poured quiescently over the melt surface.
Results - Energetic explosion ocourred when water was poured 1sec after the completion of thermite

reaction, (1st case)
- Only a vigorous boiling occurred when water was poured 4.5 sec after the reaction completed

(2nd case)

CWTI-2 test (ANL) [44]

Purposes

- Corium-water interactions in a simulated reactor cavity and containment vessel geometry. (1/30

scale)

Conditions

Melt: Corium (thermite reaction) 2800°C, 4kg
(4.67U+2.83Zr+3F6203+ZCr03+Ni—>4.67U02+2.83Zr02+6Fe+2Cr+Ni+2.2k]/g)

Coolant: Saturated water 2.8kg

Cover gas: N,  0.1MPa

Results

- Minimal sweep out of the melt-water mixture (<1%).

- Fragmentation of the melt was not observed.




JAERI-Review 94-010

F12oo7%

ALPHA ACM series (JAERI) [48]

Purposes - To assess debris coolability.
Conditions | Melt: Thermite , ~2700K, 2.5-30kg
Coolant: Water, ~300K, Pipe or Spray nozzle
Vessel: $0.1-0.355m (melt depth 8cm)
Results - A delayed explosive interaction following a vigorous melt eruption was observed in the case of

water supply from a pipe nozzle. -
- Adding water with a spray nozzle was effective to rapidly cool the melt surface.

v) HEAER

MAGICO (UC Santa Barbara) [60]

Purposes - To study short multi-phase transients (<1sec) in the premixing.
- Code validation. (PM-ALPHA)
Conditions | Hot material: mm-size steel ball, 600-1000°C,
Tens-of-kilograms, Pour dia. ~20cm
Coolant: Saturated water, 0.1MPa
Instrumentation:
Mixing-front advancement,
Transient void fraction; (local [FLUTE] & mixing zone averaged)
Results - The water depletion phenomenon was observed.

MIXA facility (AEA Winfrith) [61]

Purposes

- To study the mixing of UOZ2 and water.
- Code validation (CHYMES).

Conditions

U-Thermite, 3600K, 3kg
Saturated water 0.1MPa, 0.37 by 0.37m, Depth 0.6m
[nstrumentation:
High speed photography with back light and filter.
( Selected reduction of the light emitted by the melt enables revelation of the detail.)

Melt:

Coolant:

Steam generation rate.
- Melt dispersion control by carbon-bar-array and steel skirt.

Results

- No explosions.
- Fluidization of fuel drops in high voided 'steam chimney' was observed




JAERI-Review 94-010

Fl1o3%

BILLEAU program (CEA Grenoble) (Ongoing; 1992-1994) [62]

Purposes - Transient vapor and solid fractions in the mixing region.
- Code vatidation. (TRIO MC)

Conditions | Hot spheres (~2200°C) into a water filled tank.
Axisymmetric & plane jets

Results

Premixing studies in KIK (KfK) (Plan) [63]

Purposes - Premixing study with hot spheres and thermite mell.
Conditions |QUEOS
Hot sphere:  293-2600K, 0-50kg, 5.5 or 10g/cm3, Velocity 3-6m/s
Coolant: Water 283-372K, 0.1MPa, Depth 0.5-1m
PREMIX
Meli: Thermite, 2600-3000K, 10-30kg, Velocity 4-7m/s
Coolant: Water 372-442K, 0.1-0.8MPa, Depth 0.5-1.9m
Results
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Author(s)

Condition(s)

Resuit(s)

Nelson, L.S. &
Duda, P.M.{1982)
[64]

[ron oxide {0.05g, 2200K) /
Water (298K)
Trigger: Bridge wire

Alr entrainment in the vapor film suppressed
spontaneous/iriggered cxplosions.

Threshold of the trigger: 0.2-0.4MPa.
Energy convession ratio 2-3%.

Nelsoen, L.S.,-
Duda, P.M. &
Hyndman, D.A.
(1991) [65]

Al (5-10g, 1273-1773K) /
Water (298K)
Trigger: Bridge wire

Rapid metal-water reaction accompanying a steam
explosion was observed (extremely violent explosion at
melt temperature 1773K, with briliiant flash of light).

Nelson, L.S., et al.
(1991) [66]

Al, Al alloy (6.5g, ~1000K) / Water
Trigger: Gold bridge wire; naked,

cylindrica! or ellipsoidal reflector.

Strong trigger brought with vigor interactions, but trigger
with the ellipsoidal reflector made onty mild interactions

despite the strength.

Zimmer, H.J.,
Peppler, W. &
Tacobs, H. (1989)
[67]

Alumina (~3100K) / Na (~1143K)
Inert gas atmosphere
Trigger: Hammer

Prompt self interaction—No explosion,
Dwelled sclf interaction—Explosion.
Triggered delayed/prompt intcraction—Explosion.

fiiH & (1986) [68]

LiNO, (600-800K, 0.16g) / Ethanol
Tin (550-900K) / Etharol aq.
Trigger: Steel pin

Relation between the pressure oscillation and the bubble

dimension was clarificd.

#5 - GE (1994)
[69]

LiNQ4(760K,0.16g)/Ethanol(300K)
Trigger: Hammer

Coflapse of the vapor film was initiated by an instability
appeared just after the arrival of an external pulsc.
Time order of a bubble collapse was 1-1.5ms.

Coolant jet penetration into hot liquid was not observed.

Shoji, M. &
Takagi, N. (1983)
(70]

Tin (300-800°C, 2-20g) /
Water (0-95°C)
Pressure 0.01-0.32MPa

Effects of initial temperatures, pressure and droplet mass
were clarified.
Spontaneous explosions occurred in the transition boiling

region.

) 5 (1986) [71]

Tin / Water (Thermally stratificd)

Explosions were much more likely 10 occur than the

‘uniform temperature case.

Matsumura, K. &
Nariai, H. (1994)
[72]

i Tin (350-800°C, 3-3.5g) /

Water(10-70°C)
Drop hight 0-%0cm

Upper end of the coojant temperature in TIZ agreed with
the theory based on a linear stability analysis of the vapor
film. Lower end was given by the homogencous

temperature thereshold.

Akiyoshi, R.,
Nishio, S &
Tanasawa, [. (1950)
(73]

Tin (400-800°C) / Water (20-60°C)

Cover gas: Stecam, Air

f

Non-condensable gas in the vapor fiim suppresses the
occurrence of the vapor ¢xplesion and reduces the

uniformity of the fragments.

—29—
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Akiyoshi, R., Tin,Pd-Si alloy (1000°C)/
Nishio, 5. & Water (40-80°C)

Tanasawa, . (1993) | Cover gas: Air , Steam

[74] Trigger: Exploding wire

# Application for amorphous

production.

Steam atmosphere / low water temp. — smaller particles.
Extcrntal pressure pulse during film boiling promoted
fragmentation. '

' The cooling rale in vapor explosions was high enough 10

produce amorphous phase of palladium-silicon alloy.

Yuen, W.W.,

Ciccarelli, G. & Tin, Cerrolow / Water (flowing)
Frost, D.L. (1992) |Trigger: Bridge wire, Blasting éap
(75] # Flash X-ray photography

Hot liquid,flow<5Sm—fragmentation by bubble cffect.
High flow (>45m)—fragmentation by fast vapor flow.

Fine filaments from the melt were observed,

Tin (360-1000°C,1g) / Water (85°C)
Chen, X, & Trigger: 66 or 200bar shock
Theofanous, T.G. | # Flash X-ray pholography
(1992) [76]

: Thermal effect on hydrodynamic fragmentation and

; micromixing mechanisms were observed.

Kim, H., Kmeger, |Iron oxide (0.1g, 2200K) /

J. & Corradini, Water (4kg, 288K)+Cellulose {(<0.5
M.L. (1989) [77] |w%) _

Trigger: Bottom impact

# Effect of coolant viscosity

Increase of coolant viscesily with constant external trigger
resulted in explosion suppression (rclative viscosity 40-
240).

Energy conversion ratio 0-6%.

Nelsen, L, & Tin / Water+Glycerol, Cellulose
Guay, K.P. (1986) : Trigger: Non
[39] # Effect of coolant viscosity

i The depth of spontaneous explosions increased as the
viscosity increased, and at 7, =15, droplets fell to the
['bottom without explosions.

Ip, B.M., Dowling, | Tin {1000°C,12g) / Water+Polymer
M.F. & Abdel-
Khalik, S.I. (1992) | viscosity 7, =1.02-2.0}

[78] # Effect of coolant viscosity

(po]ycthy]ene oxide ctc., relative

In the most dilute solution (7, =1.02-1.13), larger peak
pressures than in pure water were observed.
When 7, =1.25-2.0; spontaneous explosions were entircly

* suppressed.

{ Tin (12g, 650K) / Water +
Ethoxilated-nonyle-phenol
# Effect of surfactants

Becker, KM. &
Lindland, K.P.
(1991) [79]

' Spontaneous/triggered explosions were generally mitigated

or completely suppresséd at 1-10wppm.

—

Kowal, M.G., | Tin (12g, 800°C) / Water +
Dowling, M.F. & ;surfaclanls (ionic, non-ionic)
Abdel-Khalik, S.I. # Effect of surfactants
(1993) [80] E

65% reduction in peak pressures, and 19% reduction in
metal mass fractions thal parlicipated in the interactions.
Very little change when the concentration was higher than

Swppm.
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Author(s) Condition(s) Result(s)
fRH 5 (1987) LiNO, multiple drops / Ethanol Coherent behavior among all the drops.
[81] Propagation velocity 200m/s.

Froehlich, G.
{1989) [82]

Droplet curtain (multi-jet) of
molten tin (650°C) / Water (70°C)

Propagation velecity: 2-4m/s.

Propagation velocity / probability increased with drop size
increase / interval decrease.

Propagation was not prevented by copper plates.

Frost, D.L. &
Ciccarelli, G.
{1993) [83]

Horizontal array of twenty 5g tin
| drops (800°C) / Water (60°C)
# Effect of confinement

Confined space between glass plates 1.25cm aparl
—>propagation velocity 50-60m/s
Unconfined space (width 20cm}

—-propagation velocity 7m/s

i) ERKRORR(N Y4 Y vy, ML, BELEAOEE)

Author(s)

_ Condition(s)

Resuli(s)

Board, S.J. & Hall,
RW. (1974) [9]

Tin (depth ~7mm} / Water
Narrow open topped tank
Trigger: Tapping the base

Propagation velocity ~50m/s.

Anderson, R.,
Armstrong, 1.,
Cho, D. & Kras,
A. [84]

Water / Freon-22, initially separated
by two diaphragms.
Vertical transparent confined

pressure vessel.

Peak pressure 0.6MPa.
Propagation velocity 90-150m/s.
Detailed shape of the pressure measurcments indicated a

short reaction zone just behind the shock front.

i J—

Bang, K.H. &
Corradini, M.L.
(1991} [85]

Water / Liquid N,, Freon-12
Vessel: 0.2 by 0.5m
Trigger: Mechanical impact

| Water/Freon pair produced more energelic interactions.
« Propagation velocities were super sonic (40-250m/s).

?Mixing depth <lcm.

Saison, I.,
Gabillard, M. &
Williams, T.
(1993} [86]

Water / Liquid N,
Vessel: 2.5m by 0.3m, 0.6m deep
Trigger: Detonator

iSlabIe interface—No propagation(explosion only at the
%lriggcred region)
! Wavey interface—Propagation

Frost, D.L.,
Bruckert, B. &
Ciccarelli, G.
(1993) [87]

| Tin / Water
| 1) Top-open narrow herizontal
channel (13 by 400mm)

2) Vertical confinement (15 by 457
mm,139mm height}

3} Cylindrical fank (273mm dia.)

ETrigger: Exploding wire

Seli-sustained propagation 40-50m/s.
Mixing zone thickness <Zmm.
{ Energy conversion ratio 1%.

Inertial constraint caused second more energetic explosion.

31—
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