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On the Erosion Rate — Droplet Size Relation*

There is still little known about the droplet size-erosion rate patterns for wet steam turbine stages.
It has been already proved that the structure of the droplet stream may influence very much some of
the impact parameters governing the erosion of the turbine blading [1]. In order to shed more light
on the problem, a series of experiments was initiated at Institute of Fluid-Flow Machinery. In the
test stand of I. F. F. M. the structure of the droplet stream may be readily controlled. The aim of this
report is to present the algorithm relating the structure of the droplet stream in the mentioned stand
with some impact parameters. Also an attempt is made toward preliminary evaluation of the experi-
mental results presented in [3].
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Nomenclature
\/ 0,85up N,
rip: e’ N1,2,3
air velocity [m/s], Py
droplet velocity [m/s], “®
mean diameter of the rotor [m], Ua
mean diameter of the sample [m],
rationalized erosion rate, vd
see Fig. 3 [m], E‘
see eq. (14), U4
constant [m3/s?], Uen
—1— M — number distribu- -
Ary N
tion function [I/m], UEM
factor of proportionality, see Fig. Uem
4 [mg/m], UEM
see Fig. 3 [m], Wy
sample length [m],
number of the droplets of a given _ MWen
size r,, per unit area and the droplet WoN> ;* N
stream layer thickness 4R, [1/m?2]; M 2
number of all droplets per unit i
area and per the droplet stream i

layer thickness 4AR; [1/m?],

normalized erosion resistance,

constants,

droplet radius [m],
circumferential velocity [m/s],
water flux over the sample surface
[m?/m?s],

see (18),

mean value of U, [m3/m?s],

see (19),

meximum instantaneous value of
the volumetric material loss per
unit area and unit time [m3/m?s],
see (23),

_mean value of Uewm [m3/ms],

see (24),

.droplets Veloéity in the relative

frame of reference [m/s],
normal component of w, [m/s],

mean values of w_y [m/s],
air velocity in the relative frame

of reference [m/s],
see Fig. 2 [dgr],

* Praca wykonana w ramach problemu resortowego PAN-19, grupa tematyczna 2.
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80 J. Krzyzanowski

Adm — loss of material eroded [mg], p — viscosity of air [kg/ms],
AM, — amount of water supplied onto 0, o, — see Fig. 3 [der],
the trailing edge of the flat plate p — density of air [kg/m?3],
per its length AR, [kg/s], p, — density of water [kg/m?],
AR; — the length element of the trailing t — time [min].

edge of the flat plate [m],
A(dm)[4r — the maximum slope of the curve
4m=f(z) [mg/min],

1. Introduction

There are some characteristic features of the kinematics of a droplet motion in the
axial gap of a steam turbine blading.

The neighbourhood of the leading edge of the rotor blade is exposed to the impact
of water droplets generated on the trailing edge of the stator blade. The radii of the droplets
impacting the blade surface element considered depend upon its distance from the blade
leading edge. The further away from the leading edge of the blade the surface element
is located, the smaller are the maximum and mean value of the droplet radius. Also the
angle of incidence, which is a function of the inclination of the blade surface element
and the droplet size, changes.

Another characteristic feature of the droplet impact intensity is its strong dependence
upon the structure of the droplet stream. This had been proved in ref. [1], where the cor-
relation between droplet stream structure and the impact parameters was considered.

In the routine experimental investigation of the material removal-time patterns for
different materials, these characteristic features of the droplet stream are usually not
taken into account. Usually:

1. The droplets, no matter what their size, collide with the sample of the material
under the same angle of incidence. Mostly this angle equals to 90°.

2. The structure of the droplet stream is usually relatively homogeneous. In general,
little is known about this structure and often not even the droplet stream is used in tests,
but rather a liquid jet.

It appears, however, that both the angle of incidence and the droplet structure have
substantial influence upon erosion rate patterns. As far as the influence of the angle of
incidence is concerned, some information is already available. One comes roughly to the
conclusion that the normal component of the impact velocity governs the erosion*. Much
less is known about the influence of the droplet size. Only recently (ref. [2]) an attempt
was made to draw some preliminary conclusions from the meager experimental data;
it is there assumed that the drop size effect can be represented by a factor of the form

W2y re=const,

where the constant represents a critical or threshold combination of normal component
of the droplet velocity and droplet radius, such that, for w2yr<constant no significant
erosion occurs.

* See extensive reference data in ref. [2].



On the Erosion Rate — Droplet Size Relation 81

In order to shed more light on the droplet size effect, among others, a test rig with
rotating sample was built in the Institute of Fluid-Flow Machinery of the Polish
Academy of Sciences. The sample intersects once per rotation the droplet stream gene-
rated in the aerodynamic wake of a flat plate. The particular feature of the stand is
that the droplet stream structure may readily be controlled by changing the air velocity
in the test section, the amount of water per unit time and unit width of the plate, the length
of the plate, the shape of the trailing edge of the plate, etc. Mr. B. Weigle designed the
stand; he and Mr. H. Severin were in charge of the experiments. The outline of the stand
is shown in Fig. 1. More details are available elsewhere [3].

The aim of this report is to present an algorithm relating the structure of the droplet
stream with mean values of some selected impact parameters. Also a preliminary evalu-
ation of the experimental results presented in ref. [3] is made. Among the selected impact
parameters particular attention is paid to the mean value of w,y of the impact velocity
Wy, the mean value U, of the amount of water impinging upon the unit area of the sample
per unit time and the mean value U,,, of the product of U, and (w,,/2550)°. As explained
below it is the ref. [4] which indicates the importance of U,y as far as the maximum in-
stantaneous erosion rate is concerned. The structure of the droplet stream is defined by
the droplet size distribution function. This function is assumed to be known from the
experiments in ref. [3] as a function of droplet radius and air velocity.

2. Formulation

efore we formulate the conditions of the droplet impact with the rotating sample

of the LF.F.M.* experimental stand, let us consider the kinematics of the individual
droplet.

In some prior author’s papers (see f.ex. ref. [5]), it has been indicated that the droplet

motion in the aerodynamic wake may be described with sufficient accuracy by the equation:

Cy 1
.—zO,S{l— . } )
Cq [1+A'z4./A%22+24'2]

. is the droplet velocity in the absolute reference frame of coordinates, ¢; — the gas
slocity outside of the aerodynamic wake and z — the coordinate as indicated in Fig. 1.

s a constant relevant to the droplet size and flow conditions. The relationship between
%= droplet velocity, the gas velocity and droplet size is shown in Fig. 2. The curves given
w= calculated for:

p=1.85-10""kgjs, p=1.205 kg/m®, p,=1000 kg/m®, z=03 m.

This group of parameters is relevant to the I.F.F.M. stand. The kinematics of the dro-
»eis, particularly the droplet path in the absolute and relative reference frames as well

* L F. F. M. — Institute of Fluid-Flow Machinery of the Polish Academy of Sciences in Gdansk.
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——7=03m —— ™
Air stream Air—droplet stream
Cy G C2)Cx(2)
= =

Flat plate (droplets are

3

generated behind the
trailing edge from a thin
water film flowing over
the plate surface)

Rotating disc

Rotating sample

Ls=008m

Cross-section  A-A:

Fig. 1. Scheme of the experimental stand of I.F.F.M. with the rotating sample

as the droplet velocity w, in the relative reference frame

is shown in Fig. 3.

-

The experiments in ref. [3] have been carried out for 4 air velocities:

Some parameters o
below: -

¢;=60,75,92 and 153 m/s.

f-droplet kinematics related to the data mentioned above are listed

U=200 m/s, 9=80°, D,=7-10°m

¢y [m/s] 1 60 ; 75 i 92 ‘ 153

ry [u] 10 ‘ 400 J 10 ‘ 400 100 480 10 ' 400
wy [m/s] 198.5 199:0:5 = 200.5 220.0

wy [m/s] 1975 197.5 1985 { 197.5 200.5 197.0 2145 | 197.0
o [6] +3°427 ) —5°14"| +7°06"| —4°39°| +10°55"| —3°38"| +23°32' —0°30"
Ao, [6] 37 | 13253 2°00° 13°45" 6°45 20°18’ 7°48" 31250°

Now the conditions of the droplet impact may be easily calculated under the assumption
that the droplet path shown in Fig. 3 does not change its shape in the neighbourhood
of the sample. This assumption has been evaluated in ref. [6] in more detail.
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Fig. 2. Some information about the kinematics of the droplet in the IFFM experimental stand
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Fig. 3. Kinematics of the individual droplet impact



84 J. Krzyzanowski

Let us consider first the amount of water which hits the unit area of the sample per
unit time. This parameter of the droplet impact is worth considering because it has been
already shown for ex. in ref. [4] that the erosion rate is proportional to it. Let us assume
that the structure of the droplet stream is defined by the droplet size distribution function

: 1 on(r. e
.= €
fn( * 1) Ar* N )
and that this function in the point where the sample intersects the droplet stream is given
by the equation
filretd =N re e C))

The numbers N,, N,, N5 are experimentally established constants depending on ¢, only.

Then the number of droplets of a particular size r,. impinging upon the surface element
AR, -(D,/2)-dg of the sample per one crossing of the droplet stream is, according to Fig. 3,
equal to

: . 1
n(ry, c)) LE=n(ry,c)L —dpsing ————. )
: 2 cosa(rs, ¢1)
The volume of the water carried by these droplets is equal to
g D 1
ameenly e L Gdosian - 6
5 (re, ¢y s ae cocosa(r*’cl) (6)
Since
u sin
costlry, )=~ ()
Wy (P 5 €1)

and the frequency with which the sample crosses the droplet stream per unit time is u/nD,
hence, the volumetric flux relevant to this volume of water is equal to

4 Wil o) Sif u 1
UGy 0y, D= LN g e dr, T DR H gy
3 usiny nD AR,
The product LN may-be eliminated by means of the continuity equation for the liquid
phase formulated for the cross-section O— O (Fig. 3) of the droplet stream. It has the

form;:

AM = ZOLC* (rs, ) n(ry) ?m'i px= ), Lea(ry, c)fu(ra, co) NAV*?TC"i px- (9
rs= r+=0

The summation, which may be replaced by integration, is extended over all the droplet

radii in the stream. Instead of eq. (9), one may write:

AM=3mpy, LN ) 7'3: Ja(ras e) cq (s, 1) dry. (10)
0

Hence

AM
IN= % . (11)

e}
E § rifn("* 5 €1) Cx(Tx, 1) dry
0

-
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For the particular droplet size the angle a(r,, ¢;) may be expressed by the equation:

a=arctg(tga), : (12)
where
g Cy)— U CO Wae (T u?sin®
tan g =sign| sin St 00 *(r'* a) i = ; (13)
Wy (745 €1) usiny 'V Wy (s, €1)

The sign—function takes care of the appropriate sign of term tan «. The second part of
the R-H-S of the eq. (13) may be easily deduced from the geometric relationship shown
in Fig. 3. It must be remembered that for each droplet size r, we obtain a different « or,
in other words, a=a(r,, ¢;). Hence, in order to validate the eq. (8) for all droplet sizes,
the sin ¢ function in it must be replaced by function F(¢), such that (see Fig. 3):

T
F((D)ZO fOI' ¢< (0"(1"*, Cl)_z 3

=T n T i
F(r/>)=sm[¢— Pn(Ty s cl)+3} tor & w,(ry; cl)—§< p<p re,c)

(14)
5 T
F(¢)=0 fOl' ¢>¢"(V*,Cl)+“—£,
where '
On(Tais €)= 0, (P15 €) F 0 (Tai_ 15 C)—0(Ts5 1) (15)
=L 0
also,
- b
PulTx0 C1)=? and = 0. C) =0(lsiE)) (16)
Rearranging (8) by means of (11) and (14) results in
5U Gr.u 0, ,(p)=i j?j* - T"ifn.("* e - W*l()r*., ¢y) »
D sin
Pr T [ri (e, e culras e dr .

e T :
XSIH[¢—¢n(V*9 Cl)+—2]Ar*. (17)

One establishes the volumetric water flux U, (c;, ¢) for a surface element located by ¢
extending the integration of the value dU,(ry, ¢4, @) over the whole range of droplet
size. Hence one finally obtains:

1 AM 1
Ueles ¢)=p_ ARy 7D siny | %
‘ i : 0 jrifn(r*a c1) s (ry, c)dry
0

r3fn (r* s cl) Wy (r* s C1)

{AM, |

e T
xsin| ¢o— @, (ry, ¢1)+— |dry=— :
[(0 On(rs, €1) 2:' * psx ARy D siny

UA(cy, ). 18)
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In order to eliminate the dependence of ¢ one may average U,((c;, ¢) over the circum-
ference of the sample. Hence:

LAM* L ‘f’"(’*max’cl)"";
= 1 psx ARy mDsiny
Ua(cl)= P © o -
i\ semax > € o
2 1) 2 J V?z:fn(r* > €1) ey, cq)dry

(¢]

o0

- = .
X J rifn(r*a c)Wy(ry, €y) sin |:(0“ (75 5 61)‘*‘5] drodo=

0

1 4am, 1
_p* AR, D siny

Ud(ey). (19

The erosion rate is obviously not only the function of the flux of water impinging upon
the surface element of the rotating sample. It is also a function of the impact velocity.
This relationship may be expressed as an empirical equation in the form (ref. [4]):

Am U, [(Wen 2 , |
T: Ng st exp(—0,254mjAmy) . (20)
Am=ApY =KY

Wey A

¥

T

Lm i

U (W
Afﬂm):k—ﬂ( N)5;Ref
Na

2550

s LAT ——H‘

T —

Coein e o -

Fig. 4. Characteristic material removal-time pattern, nomenclature, see also (ref. [4])
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For a flat sample the coefficient k=4 - p. Other symbols of eq. (20) are explained in Fig. 4.
The maximum instantaneous erosion rate A(Am)/ 4z is according to ref. [4] and eq. (20)

equal to:
A4 U L
e piaf e v p g @1
At N, \ 2550

These empirical relationships have been established for the flat material sample attacked
by a relatively homogeneous (in size and direction) droplet stream. Application of these
formulae for the case of cylindrical, rotating samples demands assuming that the erosion
damage caused by the droplet groups of a particular size may be superimposed. That
assumption has not yet been proved and may be accepted here merely as a first approxi-
mation. Under this assumption, the theoretical evaluation of the maximum instantaneous

value of erosion rate may be based on the value:

¢ 1 i w (r > €1 (p) -
SUoa(ra 1, )= 3L, €1 w)(~25~56—> 22)
its integral extended over all droplet size:
1 AM, 1 A A s

U.glei ¢)=j5UeMdr*= - AR* _ j' wr*fn( * Cx)_W_*(T* ) <

5 nDsin

0 o ! ! 0 § r2fulTss €1) T cy)dr
0
Wi, (T > €15 ¢) 5—.__ T
X[’*L;S—ﬂ’)i_—] Sm[(”— @I s C1)+—2] dry=
T AM. L

= UEM (cy, 23
p«N, 4R, D siny (1, ) (23

and the mean value:

n
@n(F maxs C1)+§

ﬁeM(cl) = J Uemlcys @) do=

T
wn(r*ma}( > Cl) i 5
: 0

n
@n(r max> c1)+ 2

oA
1 p«N, AR, mD siny
R N e e e e = X
e =
Pn(Tsmax > Cl)'*'z Jrafirs, 1) Cx(rs, € dry
2 0
W*N(T*a Cqs (0) :
X j r?!:fn(r* 5 cl) W*(}"* > cl) [’—2’5456'“] X
0
= o M, S
e e > —|dr.do=—— UEM (¢y) - 24
xsm[(ﬂ ¢n(r$,cl)+2] red0= N AR, wDsiny (1) (24)
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The following mean values of the impact velocity have been also introduced:

o = o
Wen(cy, )= ,f Wan(rs, €1, @) rifn(r* > Co)dry: j'r*fn(r* > C)dry, (25)
M 0 0
@ +12r) (o %) Tymax
W>x=1v(c1)= = Wan(cy, 9) do. (26)
M M

0

The relevant programs of numerical calculations of these impact parameters are presen-
ted in ref. [6].

3. Some results of numerical calculation and it’s relation to some
experimental results

The theoretical analysis presented in the previous section and in ref. [6] had been trig-
gered by interesting experimental results of B. Weigle and H. Severin [3]. They had
found that for constant mass flux of water, Gy, , supplied per unit width per unit time onto
the plate, for constant circumferential velocity, u, of the sample but changing gas velocity
¢; in the range of

¢;=60m/s through 75,92, 153 m/s
the erosion rate changes substantially. A fragment of the experimental results in the form

of the relation Am=f(z) is shown in Fig. 5. The characteristic parameters A4(4m)/Az
and 7, for a sample of soft aluminum used in ref. [3] are tabulated below:

amsl | 5 | o e e
4 (jm) 0.482 0.199 0.076 i 0.020 { mg/min
T
%o 143 222 318 E 374 r min

There are also shown the droplet size distribution functions relevant to the gas velo-
city ¢; . It is apparent that with the increase of gas velocity ¢, the dispersion of the droplets
increases, and the representative mean value of the droplet size

(o0}

rim= j' rifn(r* o) cl) dr* (27)
(0] <

decreases, as does the erosion rate represented by the ratio 4(4m)/Ar defined in Fig. 4.

The complex of experimentaly established constants Ny, N, and N, introduced in eq.

(4) is given below:

¢y [m/s] 60 75 92 j 153
|
N, 2.096-1023 4.828-1014 3.077-10°+ 5.519:10%
N, 4.602 2295 6.547 4.561
Ns 3.039-10¢ 3.877:10¢ 1.090-10° 1.335-10°
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a
2001—Am I /]
[mg] €, = lamis / ‘
e
i
100 ——"- = :
// wy
/ c/7= 153m/s
b) J%/ L
00| 200 300 400 500 ¢ [min]
. e L

[10°1/m] i

Ry=488:10 'm, ¢, =153 m/s

e =78.1-10 ', ¢, =92 m/s

R

10

= 2 >6 p
\Qm— 108810 ‘m, ¢, = 75 m/s

——
J ~

- S

100 ; 200

TR 0 °m, ¢, = 60mjs

. e [70—6m]
Fig. 5. Fragments of the experimental results of erosion damage-time patterns and droplet stream

structure for the I.F.F.M. experimental stand (ref. [3]); a) material removal-time patterns soft alumi-
num, b) droplet stream structure

0

This significant change in erosion rate may result from several different effects.
One of these may be the change in amount of water impacting the sample per unit area
and unit time. As a matter of fact, Heymann’s empirical relation (eq. (20)) says that the
maximum instantaneous value of erosion rate 4(4m)/dr=U,,, is proportional to the
volumetric water flux U, over the eroded surface of the sample. The other reason for
the change of experimental value of 4(4m)/4t may be the change in the term (wy/2550)°.

In order to shed more light on the problem the numerical calculations have been laun~
ched.

Numerical calculations presented in this section have been performed for the following
set of parameters relevant to the stand of I.F.F.M.:

c, =060.75 92 H53mis, ~u—200mis; 980"
Ary=10-10"°m, p=1.85-10""kg/ms,
p=1205kg/m®, p,=1000kg/m®, 2z=0.3m.
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A VA A UEM (c,)
6
ok [1] 1o} [x107]
5k u=200m/s 5| 0
0= | | > 0 1 | 1 B
50 100 (o [m/s] 50 100 150 ¢, [m/s]
Wy
0 S
[mjs] 10
100 u = 200 m/s
| 1 1 o
- 50 100 50 ¢ [m/s]
A <
u = Const = 200 m/s
1.5¢ _ -
(Ua)c7 @y )61
— ) — T
0 (Uo)c, =75 m/s (UEM)Q =75m/s
(A (am) )
Av /G
(A('Am))
0.5+ \ ar /e =70m/s
N
Crree=T5m/s ~
\\
\\
o L L mEtE e r.
90 100 150¢c, [m)s]

Fig. 6. Some of the theoretically calculated droplet impact parameters; Ei(cl), UEM(c1), w,n(c1),
= - S = : A(4m) A(4m)
(Udc /(Us)c,=75ms and .( Uer)ey/(Uer)e, = 75m ;s calculated theoretically, G esta-
c1 c1—75

T At
blished experimentally

In Fig. 6 the results of numerical calculations of U4 and UEM are presented. Both

@4 and UEM are proportional to U, and U,y respectively (see eq. (19), (24)). U, and
U,y decrease, as does the experimental value 4(4m) At when ¢, increases. The trend
of change of both theoretical and experimental values is the same. However, it may be

readily shown that
A(Am) A(4Am)
AT cy A T c1=75m/s

changes much faster than do ﬁcl/ﬂl -5 and UEMCI/UEMC1 —.- Fore —il33 mi/s
there is already a difference in order of magnitude between the theoretical and experimental
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values. This difference clearly may not be explained as the consequence of averaging,
or the assumption concerning the superposition of erosion caused by the droplet groups
of particular size. :

In searching for a reason for this discrepancy, attention must be paid to the problem
of the correlation between the droplet stream structure and the erosion rate pattern. The
program of experiments of B. Weigle and H. Severin is particularly suitable for these
investigations because their stand makes it possible to change the droplet stream structure
easily for almost unchanged mean impact velocity w,y (Fig. 6).

M

Little is known, however, about the droplet size-erosion rate relationship, and only
in exceptional experiments was the droplet size investigated. However, it has been indi-
cated (ref. [2]) that the droplet sizz is probably related to the maximum instantaneous
value of rationalized erosion rate, through the influence on its threshold value. The ra-
tionalized erosion rate has been defined in ref. [2] as follows:

Volume of material lost per unit area per unit time

’=Volume of liquid impinged per unit area per unit time’

In the nomenclature of this report:
— Volume of material lost per unit area per unit time=

] D,
=A(dm) —|[Az- L7 —
Ps 2

and
— Volume of liquid impinged per unit area per unit time=
2 1 AM 1 =
=U,= et UA.
px N, 4R 7D siny
Hence
A(Am)/4z
)~ —=——.
UA

As indicated above 4(4m)/At has been established experimentally, UA is calculated in
this report, so that E(c,) related to [.F.F.M. experiments may be readily found.

In ref. [2] Heymann suggests the droplet size—erosion rate dependence in the form
of the following possible relations:

E.=fi [W*N ( zG )J or E.=f, |:W*N— /E] (28)
Wan s N 7,

For both of these relations which, strictly speaking, are not yet fully confirmed by expe-

riment, the terms G/(wiyr,) and \/ G—/: relate to the threshold impact velocity w,y, such
that for w,y<wyy, no erosion results. G may be considered as a material constant. Now,
the experimental data of (ref. [3]) for an aluminum sample, partially quoted in Fig. 5,
may be used to determine this constant G, and thus the relationship between wyy, and
7. It may be done by means of the plot £,=£(r,) (see Fig. 7a) because in the experiments
mentioned the mean value of the impact velocity w,, was almost constant. In fact, for
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u=200 m/s the mean impact velocity changes only between

Wan=1193:117.1: 1155 and 113.5m/s
for

¢;=60; 75; 92 and 153m/s respectively

(see Fig. 6).

Thus, from the appropriate extrapolation of the function E —f(r,) (see Eig. 7a),
for a given impact velocity w,y= ~116 m/s, results the threshold droplet size £, =44-10=°
m. Hence, for the material considered*

G=dy Wiy=1,185m%/s*.

) A A(Am)/AT'VEF(C,)

UA
0.2k [mg/min]
i, = 38-10°m u= Const =200m/s
mc =
a1 Wy = ~ Const = 116 m/s
M
L Aluminum
0 : L ] 1 1 .
100 200 300 du =2, [10°m]
o
v | :
M = G 1185 -
W — = Aluminun
[/77/5] 1001 *NC d dy
S0
0 | I g
500 1000 4, = ey [70-5,”]
c)
samirr o, b samiinn 5
= Elo) ~ En(cy)

02t [mg/min] 02 b [mg/min]

01 O =
u=200m/s u=200m/s
0 g oL | | -
50 100 50 100
W = w7 m/<7 W —_—— G /]
e Ne LMIs) W*N (1 W*ZN d*)[m/@

Fig. 7. Threshold combination of velocity and droplet size (soft aluminum, see foot

note on page 93); 4(dm)/Ar obtained from the experiment, UA calculated acc. to the
eq. (19)
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The results of the Busch and Hoff experiments (ref. [2]) may be here recollected. They
obtained for the rain—eroded aluminum the threshold velocity wyy.= ~33 m/s. Hence
the corresponding droplet size d,, would be of order 1-10~2 m which appears qualitatively
reasonable for the rain droplet size.

Fig. 7c shows that when E, is plotted versus w,y— w,y. better correlation results than

in the case of the plott E, versus wyy <1— ZG )
Wiy Ay
It has to be pointed out here that in this report only a small part of the results of ref.
[3] has been used. In addition, in assessment of r,, and G, the results for only one velocity
w.y have been used. More extensive experimental data are needed to shed more light
on the problem.

4. Conclusions

1. The experimental investigation of B. Weigle and H. Severin, published in ref.
[3], indicated substantial dependence of the erosion damage-time patterns upon the
droplet size. ,

2. These experimental results of I.F.F.M. deserve certainly some more cons1derat10n
To make it possible, a theoretical model of droplet impact for the experimental stand
of I.LF.F.M. has been presented in this report. Attention has been particularly paid to the
calculations of the mean value of the volumetric water flux U, over the sample surface.
Also the mean value of the product of water flux, U,, and (W,y/2550)° as well as the mean
impact velocity w,y have been calculated.

3. Comparison of experimental and theoretical data indicated that the experimentally
established rationalized erosion rate E, changes faster with the gas velocity ¢; than the-
oretically calculated water flux U, and the mean value U,,, of the product U (wyn/2550)°.

4. Itislikely that variation in droplet size causes this discrepancy. The threshold droplet
size of order r, = ~44-10° m for mean impact velocity wyy= ~ 116 m/s for soft aluminum
has been established under the assumption (ref. [2]) that the droplet size effect can be
represented by a factor of the form:

wigre=const=G.

5. The model presented of the droplet impact indicated that the experimental stand
of L.F.F.M. is particularly suitable for experiments designed to shed more light on the
problem of droplet size effect:

— it provides the possibility of the exceptional change of the mean droplet size between
r.=~50-10"° m up to about r,=~300-10"° m,

— the mean value of the impact velocity may be controlled independently,

— the droplet stream structure seems to approach the stream structure in the steam
turbine.

* Aluminum PA6 (Polish Standards PN-59/H-88026: 3,8--4,89, Cu, 0,40 8/ Mg, 0,4
=0,8% Mn, R,~38 kG/mm?, Rmx48,5 kG/mm?, as=12 7], HB=~130).
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6. Further investigation of the relationship between the eros'on resistance and the
droplet s'ze are of importance because in ref. [1] it has been already shown that the impac:
parameters are also seriously influenced by the droplet stream structure. Thus the contro!
of the droplet stream structure may offer a powerful method for the protection of steam
turbine blading.
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O relacji miedzy wielkoscia kropel i szybkoscia erozji
Streszczenie

Dotychezas stosunkowo mato wiadomo o zwiazku miedzy wielkoscia kropel, a szybkoscia erozji
lopatek turbin parowych. Wskazano wprawdzie na drodze teoretycznej, ze struktura strumienia kro-
pel moze w istotny sposoéb wplywaé na niektore parametry kolizji kropel z topatka turbinowa [1].
By rzuci¢ jednakze wiecej Swiatta na to zagadnienie, uruchomiono w Instytucie Maszyn Przeptywo-
wych PAN serie badan eksperymentalnych na stoisku umozliwiajacym latwa zmiane struktury stru-
mienia kropel. Celem tego opracowania jest zaprezentowanie algorytmu wiazacego strukture stru-
mienia kropel we wspomnianym stoisku z niektorymi parametrami kolizji. Uczyniono rowniez probe
wstepnej analizy niektorych wynikéw doswiadezen [3].
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3aBucUMOCTH MEKIY BEJIMYHHON Kanejlb u CKOpPOCTBIO
3PO3MOHHOI'O IIponecca

Pesrome

JIO CHX TOpP OTHOCHTENBHO HEMHOT'O M3BECTHO O 3aBMCHMOCTH MEXIY BENMIMHON KAmelb ¥ CKOPOCTHIO
Ipoliecca 3pO3KMH JIOMATOK IAPOBBIX TypOuH. ITo mpaszie, yKkasplBACTCS HA OCHOBE TEOPETHYECKUX pac-
CyXaeHmi Ha (AKT, YTO CTPYKTypa HOTOKA KAmedb MOXET B CAMOM JeJe BIUATH HA HEKOTOPbIE Mapa-
METPBI KOJUTM3UM KaIellh ¢ TypOMHHOR jtonaTkoi [1]. [l Iy9Yirero BeIICHEHUsI 3TOT0 BOIPOCA B WucTu-
TyTe mpoTouHBIX Mamuu [TAH mpoBefieHa cepus SKCIEPUMEHTAILHBIX UCCIICNOBAHNA SPO3UH HA CTEHIE,
TO3BOJISIFOLIEM JIETKO MEHATH CTPYKTYDY NOTOKA Kareib. LIenpro 3Toi paboThl ABJSIETCs ONMPENesieHne
aJTOPUTMA, CBS3BIBAIOIIET0 CTPYKTYpPY IIOTOKA Kamelh HA YKA3aHHOM CTEHIE C HEKOTOPBIMH mapame-
Tpamu Kosmmsum. Croenana Taxke HOMIBITKA IPOBEAEHMS BCTYNUTENBHOTO aHATHM32 HEKOTOPBIX PE3yJib-
TaTOB McclemoBanuit [3]. : ‘



