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A. Liquid-metal mist impinging jet
cooling

Heat transfer characteristic

The liquid-metal mist impinging jet cooling
(LMMC) has been proposed by authors.

The method uses a kind of free surface
configurations that is a sprayed mist flow
containing liquid droplets in its carrier gas and
can be operated under low pressure.

Due to its void fraction much higher than 80
percents, MHD effects in-a strong magnetic field
are reduced and can be neglected.

During deformation of a liquid metal drop
impinging on the heated surface, the drop absorbs
heat efficiently from the high temperature wall due
to its very high thermal conductivity.



The best performance of LMMC: by using a
impinged jet profile.

Heat transfer:
(1) direct evaporation of liquid metal
- drops --> large latent heat of evaporation.
(2) equivalent or rather superior to forced
convective or boiling heat transfer by
liquid-metal flow.

Fundamental experiments using liquid sodium
and argon carrier gas: sodium temperature higher
than 473 K and normal atmospheric pressure.

Heat Transfer in the forced convection region
lower than the boiling temperature of sodium:
(1) dependent on the sodium mass flux density
<--- high thermal conductivity
(2) not sensitive to the local velocity of liquid

In the boiling region above the sodium saturation
temperature:
heat transfer <--—- augmented by direct
evaporation of sodium droplets at the moment
they contact the high temperature surface
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Hydrodynamic behavior of a droplet on a plate.
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Numerical results of the droplet deformation
process for RUN-W3

Experimental conditions

(a) Water,

WATER RN-NI | RN-W2 .| RUN-W3
Diameter, m 2.241 2.268 2.307
Velocity, n/s 2.167 3.362 4.432
Re number 4139.3 7230.2 8762.2
We number 142.8 350.5 615.1

(b) Ethyl alcohol.

ETHYL ALCOl{l.‘ RUN-A1 RUN-A2 RIN-A3
Diameter, mm 2.099 1.946 2.011
Velocity, m/s 2.114 2.868 3.305
Re number 851.7 3486.0 3982.2 °
We number 330.9 562.3 765.6

(c) Mercury.

MERCURY RUN-H1 RUN-H2. RUN-H3
Diameter, mm 1.308 1.31 1.358
Velocity, m/s 2.454 . 3.685 4.460
Re number 27742 .7 41432.5 53457.0
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(a) Comparison of the film diameter between
numerical results and experimental data
for water droplets.
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{b) Comparison of the film diameter between
numerical results and experimental data
for ethyl alcohol droplets.
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(c) Comparison of the film diameter between
numerical results and experimental data

for mercury droplets.



Properties of water and liquid metals.

Density Speci'ﬁc Thermal Kinematic | Surface | P r
heat conductivity | viscosity | tension | number
Liquid kg/m® | JkgK | W/mK m7/s N/m
Water 958 4200 0.68 0.3x10° | 0.059 1.76
Sodium | 730 1300 52 0.3x10° | 0.187 | 0.006
Lithium | 450 4200 65 0.5x10° | 0.347 | 0.016
Potassium | 620 800 30 0.2x10° | 0.103 | 0.027
Mercury | 13400 | 134 11 0.1x10° | 0.456 | 0.017




Specific heat and latent heat of water, sodium,

lithium and potassium.

Water Sodium Lithium Potassium
C p, J/kgK 4200 1300 4200 770
h .. kK] kg| 2270 3900 19700 1900
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Numerical results of the droplet deformation
process for TEST-NAL

t‘=_L
lo

tg is a characteristic time and equals to d/Vg

Conditions of Numerical simulations

TEST-NA1 | TEST-NA2 | TEST-WA1 | TEST-WA2
FLUID SODIUM SODIUM | WATER WATER
Diameter, mm 0.5 0.3 0.5 0.3
Velocity, m/s 5.0 5.0 5.0 5.0
Re number 8446.0 5068.0 75.3 1485.2
We number 66.2 39.8 71.6 103.0




TEST-NA1l TEST-NA2 TEST-WAl TEST-WAZ2Z
FLUID SODIUM SODIUM WATER WATER
Diameter, mm 0.5 0.3 0.5 0.3
Velocity, m/s 5.0 5.0 5.0 5.0
Re number 8446.0 5068.0 2475.3 1485.2
We number 66.2 39.8 171.6 103.0
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Time variations of heat absorption rate Q defined

by equation

Q=12 f 'T'F dr*dz*
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Fig.4-2 © View of experimental apparatus.
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Fig.4-13  Relationship between mean droplet diameter dp and
argon gas volumetric flow rate QAr.
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Fig.4-14 A photograph of sodium particles.
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Fig.4-18 Surface heat flux q in forced convection region.
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Fig.4-23 Surface heat flux q in boiling region.
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Fig.4-20 Relationship between Heat transfer coefficient and
sodium mass flux density Wna.

Fig.4-21 A photograph of sodium mist flow impinging
on the test target.
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Fig. 15 Heat transr characteristics of LMMC of
sodium in the boiling region above sodium saturation

temperature [24].
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Fig. 14 Heat transfer characteristics of LMMC of
sodium in the region of forced convection [24].



Heat Transfer Characteristics
(Sodium)

1. Forced Convection region
- Tw < Boiling Temperature

(a) On a Small Heat Transfer Surface
(Experiment; 18 mm dia.)

No Overflowing Liquid - Very fine Liquid
Film Evaporation

Heat Transfer Coefficient, h;

h =Cp Wna Cp: Specific Heat
| WnNa: Mass Flux DEnsity

(b) On a Large Heat Transfer Surface
(Experiment; 35 and 50 mm Dia.)

Over Flowing Liquid Film ---- appraching to
‘ ' boiling
Heat Transfer Coefficient, h;
h=a Cp Whna
a=0.6 ~0.7 : Empirical Factor
(c) High Heat Flux
Upto 1 Mw/m

Liquid Droplets Volume Fraction, f
\‘ =0.001 ~ 0.01



2. Direct Evaporation Region
Tw > Saturation Temperature

Conbined Conduction and Evaporation Heat
Transfer

(a) Evaporation Efficiency , e;
e =(q-QNaF-dg)/anaE =0.4
q: Heat Flux

gna, F : Forced Convection Heat Flux

gNa E = L Wna : Evaporation Heat Flux

L: Latent Heat of Evaporation
WNa: Mass Flux Density

(b) Heat Flux;

Up to beyond 3 Mw / m

Liquid Droplet Volume Fraction, f
=0.001 ~ 0.01

3. High Heat Flux Cooling
Ex. Assuming f=0.01,
Heat Fluxq ----> beyond 10 Mw/m
4. Other Features
Existance of Maximum Heat Flux;
Limitation from Diffusion Heat
Removal

Nozzle ---- Auto -Cleaning is necessary
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Special Features:

1.

MHD Pressure Dvrop ------- Negligible or Very Low
Ref. Bender and Hoffman, UCNL-78892 (1977)

2. Maximum Heat Flux ------- High
Conduction and Evaporation
3. Wall Temperature:
Temperature Range ------- "Wide"
Ex. 500K-1500K
4. Pressure Boundary:
nearly at Atomospheric Pressure
5. System & Structure:
Nozzle ------- Complex
Spraying System ------- Multi
Errosion or Corrosion Problem ?
Applications:

1.

Cooling of High Heat Flux Components of a
MCFR |

Diverter

Limitter

First Wall

2. Vapor Generation:

Direct Evaporation

High Efficiency in Liquid-Vapor
Conversion

Liquid Superheat

3. Advanced Blanket Technology:

Direct Energy Conversion
Two-Phase Heat Removal , etc.



Application

A conceptual design of a cassette compact
toroidal fusion reactor (CCTR): External surface
and internal channels of the first wall consists of
molybdenum armor tiles force-fitted onto the SUS
316 structural wall.

Quick-replacement technology using shape
memory alloy elements. ---> The first wall can
be removed quickly to replace elements with
severe radiation damage.

Design using LMMC to remove thermal wall
loads of up to 4 MW/m*.



