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INTRODUCTION:

This paper is a part of the wet steam tunnel
research program which investigates the motion of secondary
droplets behined a stationary turbine blade.These secondary
droplets are produced from a thin liquid film which forms on
the stationary blade due to the accumulation of primary drop-
lets which are carried in the steam that enters the turbine.

The secondary droplets have a much greater
mass than the primary droplets.Thus, a greater kinetic ener-
gy is encountered in their motion.Prevention of turbine blade
errosion which is mainly caused by the collision of the se-
condary droplets with the blades is the main motive of this

research program.

WORK PERFORMED ¢

In the past semesters,the raw data were co-
llected by analyzing the films which were taken and shot
using a Fastex camera and an intense lighting source.The
Fastex camera runs at 5000 frames per second.

Previously,a computer program was used to put
the raw data into form of tables.These tables contain infor-
mation for the motion of 327 droplets.Test conditions were
kept fixed for all droplets except two.First,the flow rate of
water that was injected through the upstream slot across the

blade to provide the filmjand second the steam velocity en-
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tering the tunnel.
During this semester,these tables were used to
make plots (accompanied with this report) which represent the

the history of motion of these secondary droplets.

NOMENCIATOR ¢

Dy,=initial diameter of the droplet.

D-=instantaneous diameter of the droplet.

me=initial mass of the droplet.

m =instantaneous mass of the droplet.

T =dimentionless time‘tUg/Do(si/ﬁ)g .

Ug=steam velocity.

Bs=steam density.

%u:water (droplet) density.

t =real time (0.001 sec. intervals,i.e.,data taken
from every fifth frame of film).

X =dimentionless distance; x/ Do .

X =instantaneous real distance (position of the
droplet from the end of the blade).

X, =same as X,when breakup occures.
'y =same as T,when breakup occures.
Yo/ T: =dimentionless acceleration.
We =Weber number ; ( 55U§Do )/ 04
04 =surface tension of droplet.,

tb=same as t,when breakup occures.

Py =dynamic pressure; (3su3)/ 2 .
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The following plots were made for each droplet.
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It also,is necessary to note that some of these
droplets breakup into much smaller drops after they leave
end of the blade.If this can happen all the time (breakup
into smaller droplets),the errosion effects will be red-
uced considerably,because of the smaller mass involvement.

Many droplets analized so far followed this
breakup procedure.Of course it is desired to reduce as much
as possible the distance from end of the blade,at which the

droplet breakes up,so that the large (secondary) droplets



will not reach the next row of blades.Therefore only a certain
area, (starting from end of the Stationary blade and spreading
in the direction of steam flow) which ¢an'be focused by the
camera is important.This means ,that breakups of more drop-
lets might be noticed further away from the end of the blade,
if their motion is traced for a longer time,but it would not
be of much importance to us.

The following plots were made only for the droplets

that broke up.
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RESULTS AND CONCILUSIONS:

From plots of(D / D) vs. T,it is observed that for
a fixed steam velocity,an increase in the flow rate of wa-~
ter does not make any changes in the (D / Do) ratio.Also it
is observed that an increase in the steam velocity,also in-
creases the (D / D, ) ratio j;this increase is from 1 (for 305
£f/5 ),to 1.9 (for 975 f/s).A point must be noted here is that

for 1100 £/s (steam velocity),this ratio starts to decrease



to 1.5.

From plots of (m /m,) vs. T,it is observed that for
a fixed steam velocity,an increase in the flow rate of water
does not make any changes in the (m/m,) ratio.Also it is
observed that an increase in the steam velocity,also in
creases the (m/m,) ratioj;this increase is from 1.5 (for 305
f/s),to 3.0 (for 1100 £/s ).

From plots of T vs. X, it is observed that for a fixed
steam velocity,an increase in the flow rate of the water does
not have any effect on the velocities of the droplets.It is
also observed that' the droplet velocities are increased as
the steam velocity is increased,also the breakup distance (for
the droplets that broke up)is increased slightly as the steam
velcciﬁy is increased.

From the plots of &, vs. F ,i1t is observed that for
a fixed steam velocity,break up time increases as the flow
rate of the water is increased.Considering the different
steam velocities,break up time is decreased as the steam
velocity is increased,which also increases the dynamic pressure.

From the plots of (X,/ T, ) vs. W ,it is observed
that for a fixed steam velocity,acceleration decreases with
an increase in the flow rate of the water.Also it is observed
that as steam velocity is increased,acceleration (dimention-

1ess) decreases and Weber numbers are increased.
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