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Effect of Salt Additives to Water on the Severity of Vapor Explosions  
and on the Collapse of Vapor Film 

Takahiro ARAI   and  Masahiro FURUYA

Abstract 
We proposed ultra rapid solidification and atomization technique, CANOPUS (Cooling and Atomizing based on 

NOble Process Utilizing Steam explosion), using small-scale vapor explosions to make an amorphous metal.  The 
CANOPUS method is suitable for rapid cooling and atomization process, which utilizing sustainable small-scale vapor 
explosions.  In order to apply the CANOPUS method to a high melting point metal, it is necessary to make a 
small-scale vapor explosion occur at a high temperature of the molten metal.  Small-scale experiment is conducted to 
develop the vapor explosion promotor in which spontaneous vapor explosion can occur at a high temperature of a 
molten metal.  Spontaneous vapor explosion do not occur when water at 80 oC is used as a coolant.  However, 
spontaneous vapor explosion occurs when water at 80 oC with salt additives is used as a coolant.  Specifically, lithium 
chloride solution generates spontaneous vapor explosions at the highest temperature of the molten tin in the experiment.  
In order to clarify the triggering mechanism of the spontaneous vapor explosion when the promotor is used as a coolant, 
a high-temperature solid stainless steel sphere is immersed into a coolant.  The interfacial temperature of the stainless 
steel sphere is measured, and the behavior of a vapor film around the stainless steel sphere is observed with a digital 
video camera.  As a result, salt additives resulted in an increase of quench temperature in all salt solutions.  The 
quenching curves of each coolant indicate that the salt additives improve the film boiling heat transfer.  The 
improvement of the film boiling heat transfer causes an unstable formation of the vapor film and a rise of the quench 
temperature.  It is clarified that the salt additives to water promotes a vapor film collapse.  Comparing two 
experiments, the quench temperature of each solution is in close agreement with the upper limit of the molten tin 
temperature that causes spontaneous vapor explosion.  This result suggests that the vapor film collapse triggers 
spontaneous vapor explosion.   
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Fig. 1 Schematic of basic process on large scale
vapor explosion [2].
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Fig. 2 Schematic of triggering process on vapor
explosion.

- 92 -

 

○C 2007 The Heat Transfer Society of Japan 

 



Thermal Science & Engineering Vol.15 No.3 (2007)

- 3 -

CANOPUS

CANOPUS

[4, 5]
Ohnaka

[6, 7]

[8]

Takigahira Sugiyama

[9]

[10]

231.9

Fig. 3

- 93 -

 

○C 2007 The Heat Transfer Society of Japan 

 



Thermal Science & Engineering Vol.15 No.3 (2007)

- 4 -

K

200
mm 450 mm

K
PID

(Panasonic SDR-S100)

30 fps 1/8000 s

Fig. 4 80 500

20 wt%
0.03 s

0.07 s

80
280-1100

20 wt%
0.03 - 0.07 s

0.10 s

Table 2

280-1100

Fig. 3 Schematic of experimental apparatus for
small scale vapor explosion.
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TC Table 1 Experimental condition.

500mmFalling distance

50gMass of molten metal

20wt%Concentration of solution

280 1200Initial temperature of molten
metal

Tin (m.p. 231.9 )Test metal

3mmNozzle diameter

80Initial temperature of coolant

CaCl2 solution
NaCl solution
LiCl solution
MgCl2 solution
Water

Coolant

500mmFalling distance

50gMass of molten metal

20wt%Concentration of solution

280 1200Initial temperature of molten
metal

Tin (m.p. 231.9 )Test metal

3mmNozzle diameter

80Initial temperature of coolant

CaCl2 solution
NaCl solution
LiCl solution
MgCl2 solution
Water

Coolant
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Table 2 Upper limit of molten tin temperature on
spontaneous vapor explosion.

700LiCl solution

550MgCl2 solution

550NaCl solution

650CaCl2 solution

Upper limit temperature
range of spontaneous
vapor explosion ( )

Coolant
(Concentration of solution 20wt%)

(Temperature of solution 80 )

450MgSO4 solution

No explosionWater

700LiCl solution

550MgCl2 solution

550NaCl solution

650CaCl2 solution

Upper limit temperature
range of spontaneous
vapor explosion ( )

Coolant
(Concentration of solution 20wt%)

(Temperature of solution 80 )

450MgSO4 solution

No explosionWater

0.00 s 0.03 s 0.07 s 0.10 s 0.13 s

Molten tin

Coolant

Coolant

Molten tin temperature 500

10mm

10mm

Water
(80 )
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NaCl

solution
(80 )

Triggering of vapor explosion
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Solution
surface

Solution
surface

Coolant
Time

Fig. 4 Effect of salt additives to spontaneous vapor explosion.
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Fig. 6 Schematic of stainless steel sphere.
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Table 3 Experimental condition.

15mm (0.5D)Immersion depth

80Initial temperature of
coolant

20wt%Concentration of solution

800Initial temperature of
stainless steel sphere

CaCl2 solution
NaCl solution
LiCl solution
MgCl2 solution
MgSO4 solution
NaNO3 solution
Water

Coolant

15mm (0.5D)Immersion depth

80Initial temperature of
coolant

20wt%Concentration of solution

800Initial temperature of
stainless steel sphere

CaCl2 solution
NaCl solution
LiCl solution
MgCl2 solution
MgSO4 solution
NaNO3 solution
Water

Coolant
TC

Motor

Digital video camera
Heater

Electric furnace

Stainless steel sphere

Coolant

TC

TC

Fig. 5 Schematic of experimental apparatus for
stainless steel sphere immersion experiment.

- 96 -

 

○C 2007 The Heat Transfer Society of Japan 

 



Thermal Science & Engineering Vol.15 No.3 (2007)

- 7 -

397

1.7 130 K/s

700 K 4.9
105W/m2

1.6 105W/m2

5.5 106 W/m2

20 wt% A
0 s

B 8.0 s

D: 87.0 sA: 0.0 s B: 40.0 s C: 86.0 s E: 89.0 s

A : 0.0 s B : 8.0 s C : 16.5 s D : 16.6 s E : 17.0 s

800 397

800 623

Vapor
film10mm

Schematic

Coolant

Solution
surface

Before vapor film collapse Vapor film collapse After vapor film collapse

Sphere

Water
(80 )

20wt%
NaCl

solution
(80 )

Fig. 7 Effect of salt additives on vapor film collapse.

Fig. 10 Surface heat flux of stainless steel sphere.
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Fig. 8 Quenching curve of stainless steel sphere.
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Fig. 9 Cooling rate of stainless steel sphere.
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Fig. 11 Effect of salt additives on quenching curve.
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Fig. 12 Relationship of quench temperature to upper
limit temperature range of spontaneous vapor
explosion.
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