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Abstract

The situation of a droplet falling on a verticd hot surfaceis typicd of spray coding systems in nuclea reador
but it takes placein many other industrial applicaions. Two dfferent cooling temiques can generate such
interadion. The first one is the film rewetting: a liquid film falls along a vertical surface at temperature upper
than the Leidenfrost point, and a sputtering phenomenon is generated, as reported in fig.1. Sputtering is a violent
evaporation that bre&ks the film along a quenching front into a grea number of droplets which go away from the
surfaceinpinging on other surfaces nea it.

The second one is the spray cooling of verticd surface in this case there is no film codling, but droplets are
diredly generated by cooling system nozzles.

In both cases there ae some droplets that have momentum enough to rebound from the surface but there ae
other droplets that fall on the surfaceand evaporate.

The behaviour of a single droplet falling on a verticd hot surfacehas been investigated by a fast CCD camera
device Particularly the influence of wall temperature, drop size and velocity have been analized in order to
investigate the best cooling conditions.

The aedion of secndary droplet by main droplet break up has been also analized because of high thermal
exchange wefficient that can be atieved by these droplets' interadion with the hot wall.

Aim of the work is the analisys of the different types of wall-droplet interadion that can be performed and
evaluation of hea exchance rates through the daboration of the frames aajuired at a frequency higher than 1000
frame/sec
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Sputtering in spray rewetting cooling systems
As known two types of emergency refrigeration for nuclear plants are available:  spray codling and batom
floodng. In the analysis of interadion between droplets and verticd hot surfaces, rewetting of nuclea bars due



to gravity is a phenomenon of particular interest. It takes placein emergency coadling systems of nuclea plants,
when aloss of coolant acddent occurs: a @ad liquid isinjected on bars over Leidenfrost point by spraying rings
disposed aver the bars.

The liquid sprayed falls down by gravity, wetting the walls. This liquid film goes down slowly becaise it's
obstructed by a violent evaporation along the quenching front where sputtering takes place that is a quick
baili ng and separation of liquid film from the wall. In this front a grea number of droplets are generated, falling
down or being dragged up by vapour stream, depending on their dimensions.

The liquid film feed is mainly controlled by hea conduction in the wall.

The number and the size distribution of these droplets are very important parameters becaise they determine the
total amount of exchange surfacebetween liquid and gas phase.

In fig. 1 atypicd sputtering situation is reported: in this figure some charaderistic dimensions for light water
reac¢ors are reported.

Diagrams [1] have been traced by computation of liquid front rewetting velocity and droplet rate generating from
sputtering vsliquid massrate injeded onto surface

Droplets generated in the sputtering zone inpinge onto the high temperature wall with a certain coding effed
(preaursory coadling).

Experimental facility

In this case the nozzle generates a mntinous water beam definined as ‘rivulet’, using a steel capillary pipe
conneded with afreesurfaceliquid tank thousands of times bigger than single drop hulk.

Solid surface onsists of a 300 mm insulated Wlister copper with, thickness of 5mm. To redize astealy - state
operating conditi on, the dedricd power to the plate was adjusted with atemperature feedbadk eledronic control
deviceso max 1 K deviation from set point was got.

Cameras gore images with a frequency variable from 50 to 4000 frame/sec Each camera was controlled by
software statements which set imaging frequency, pixels number and frames number to be stored.

Up to 60 full frames (128x128 pxels) can be stored ead time. Becaise of working with high frequencies, a
short period is avail able to catch the whole impad, so that a synchronization system is needed.

A low power (95uW) He-Ne laser was used to excite a phaodiode linked to an eledronic trigger circuit. Drop
passage through laser ray, stops exciting so atrigger signal is $nt to cameras and aajuisition begins.

The first camerais synchronized by an externa trigger and it records the droplet nea the injedor and the radius
at the instant t;, The second camera takes placenea the impact zone and by the external synchronized trigger
records the frame just before the impad and the entire bre&k-up phenomenon.
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Experimental Analisys

The experimental analisysis carried out by means the CCD fast camera tecnology ([5],[6],[8]). The hot wall in
this case is completely verticd and the impinging flux is continuous.

The water temperature inside the tank is about 25-27 °C. The hot wall is controlled by a PID to be sure of the
acaracy of the set point temperature. The water flow rate of the impinging rivulet is fixed on 42 ml/s and the
distance between hot wall and nozze is about 150 mm. These conditions assure that the rivulet is continous
before and after the wall impact.

The limit conditions of the liquid phase give the following geometricd condition of thisone.

Tw=300'350°C
5=10°m
Th=25°C

It ispossble to indicae the rivulet velocity knowingthe value of inlet undercodling. In this case ATinis about
75°C and the velocity of advancing of the liquid front is given [1] by the foll owing equation:

Ufr =10 [{1+ ATin**) (M [B0)2% ¢ a

For boundary condition d this case, the rivulet velocity Ufr = 0.2 m/s. It means, considering the thicknessof the
rivulet and its width equal five times its thickness, that the aeato be mnsidered for the analysis of the hea flux
isgiven by

A¢ = (Lr +Ls)B10° @)

To better intend the mechanisms of the impad of the freerivulet on the verticd surfaceit is very interesting to
consider [1] that the law of rebouding of droplets on vertical wall varying the wall temperature.

If the wall temperature is about 200 °C the impinging droplets have an anelastic behaviour. So they lose the
shape dter the impact. If the wall temperature is included between 300 and 400°C the behaviour of the droplets
follow the dastic law, the droplets rebound on the surface and leave it recvering the initial shape. For wall
temperature higher than 550°C and low impad angles the droplets behaviour becmes anelastic again.

The behaviuor of the freeliquid rivulet isvery similar to the behaviuor of theimpad droplet on verticd surface
In this paper is aso pointed out that the behaviour of the liquid flow impinging on vertical hot surfacefollows
the three phenomena (200—450- 550 °C) because of the continuous coadling of the surface ad the velocity of the
liquid front of the rivulet.

Experimental results

A rivulet of water has been generated with a flow rate of 0.42 ml/sec axd a 1x1 mm circular sedion. The
interadion d the rivulet with a hot and verticd copper surface has been investigated, varying the plate
temperature from 250to 400 ° C, acaording with theoreticd consideration above mentioned.

The sputterig phenomenon has been deteded between 300and 350° C.

For plate temperature below 300 °C, the rivulet generates alocd coadling of the surface which goes down under
Leidenfrost temperature so a flooded interadion takes place and water falls down along surfacein a continous
film.

At about 300 °C the heat transfer from the plate to the water is enough to creae avapour cushion by which the
film detaches from the plate generating a small number of big droplets (300um diameter) and a grea number of
small secondary droplets ( 10— 50 um diameter ) at the two sides of the rivulet where the thicknessof the liquid
film is much more lesswith risped to the rivulet axis. This behaviour can be observed in impact sequencen°1.
When temperature aises to 320 ° C, a typicd sputterig phenomenon takes place in impact sequence n:2 the
complete detaching of the rivulet is reported and the further bregking into a small number of droplets.

At higher temperatures the rivulet bregs up violently in a grea number of small droplets (10 — 100 pm
diameter) such as reported in inpad sequences n° 3 and 4.. It can be noticed that the higher the plate temperature,
the greder isthe number of droplets generated and the small er their diameter. In this case the rivulet cannot keep
its continuity when detached from the surface (such as for lower temperatures) and it's quickly divided into
droplets.
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IMPACT SEQUENCE N°4
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Nomenclature

A Surface [m?]
M Massflow rate [kg/s]
T Temperature [°C]
u Velocity [m/s]
L Length [m]
Subscripts

in inlet

r rivulet

S sputtering

t tank

w wall

¢ flux

Greek letters

0 thickness [m]
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