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JERZY KRZYZANOWSKI

Gdańsk

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 [l]. In order to shed more light
on the problem, a series of experiments was initiated at Institutę 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 pre§ent 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].

Nomenclature
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n(r *, ct) -
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U"u
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ly'l 

*N , 'r! *nMM
l|1

e,y

,, ll,wĘ'- \r! r'* p!ęr'
c1 - ait velocity [m/s];
c* - droplet velocity [m/s].
D - mean diameter of the rotor [m],
D" - mean diameter of the sample [m],
E, - rationalizęd erosion rbte,
F - see Fig, 3 [m],

F(d - see eq. (l4),
G - con§tant [m'/s'l,
_ l n(r*.c,)

J^: . --- - number distribu-lr* M
- tion function [lim],

ł - factor of proportionólity, see Fig.
4 [mg/ml,
see Fig. 3 [m],
sample length [m],
number of .the droplets of a given
size r* per unit area and the droplet
stream layer thickness /R1 [1/m2];
number of all, drop|ets per unit
area and per the droplet stream
Iayer thickness /Rl [1/m2l,

normalized erosion resistance,
constants,
droplet radius [m],
circumferential velocity [m/§l,
water flux over the sample surface
[m3/m's],
see (18),

mean value of tĄ [m3/m'sl,
see (19),

meximum instantaneous value of
the volumetric material loss per
unit aręa and unit.time [m3/m2s],
see (23),

mean va]ue of (l"y [m3lms],

see (24),

droplets velocity in the rblative
frame of refęrence [m/s],
normal component of w* [m/sl,

mean values of }r*N [m/§],

air velocity in the relative frame
of reference [m/s],
see Fig, 2 tdgr],

* Praca wykonana w ramach problemu resortowego PAN-19, grttpa tematyczna 2,

179,
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lm-
/M* -

loss of material eroded [mg],
amount of water supplied onto
the trailing edge of the flat plate
per its length /R, [ks/sJ,
the length element of the trailing
edge of the flat plate [m],
the maximum slope of the curve
lm:f (c) [mg/min],

p - viscosity of air [kg/nsl,
(p, ęo - see Fig. 3 [dgrl,

p - density of air [kg/m3l,
2* - dersity of water tkg/m?],
c - time [min],ZR,

l(lm)lAr

1. Introduction

There are §ome characteristic fęatures of the kinematics of a droplet motion in the
axial gap of a steam turbine btading.

The neighbourhood of the leading edge of the rotor blade is expo§ed to the impact
ofwater droplets generated on the trailing edge ofthe stator blade, The radii ofthe droplets
irnpacting the blade §urface elęment considered depend upon its distance from the bladę
leading edge. The further ąway 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, whiclr 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 strearn are usually not
taken into account. Usually:

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

2, The Structure of the droplet stream is usually relatively homogeneous. rn 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 structurę have
substantial influence upon ęrosion late 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 normi.l component of the impact velocity goyerns 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

w?x rx: Coil§t r

where the constant represents a critical or threshold combinatjon of normal component
of the droplet velocity and droplet radius, such that, for w|nr(con§tant no significant
erosion occurs.

* See extensive reference data in ref, [2].
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In order to shed more light on the droplet size effect, among others, a test rig with
rotating sample was built in thę 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
lhat the droplet stręam structure may readily be controllęd 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 wereincharge of the experiments. The outline of the stand
is shown in Fig. 1. Morę 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 somę selectęd impact parameters. Also a preliminary evalu-
ation of the experimental results presented in ref. [3] is made. Among the selected impact
parameter§ particular attention is paid to the mean value of li*o, of the impact velocĘ
lr,*.u, the mean value U, of the amount of water impinging upon the unit area of the sample
per unit time and the mean value 0 

"y 
of the product of Ę and (w*rl2550)5. As explained

below it is thę ręf. [4] which indicates the importance of {Jn, as far as the maximum in-
stantaneous erosion rate is concerned. The structure of the droplet stream is defined by
rhe droplet size distribution function. This function is assumed to be known from the
erperiments in ref. [3] as a function of droplet radius and air velocity.

2. Formulation

Before we lormulate the conditions of the droplet impact with the rotating sample
.lf the I.F.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 tlrat the droplet
* ]:ion in the aerodynamic wake may be described with sufficient accuracy by the equation:

8l

._1: o,* 
{' 

-
1l_

|l + A'z + ] AĘ z2 +2A'zllJ '
(1)

" :s the droplet velocity in the absolute reference frame of coordinate§, c. - the gas
: ]city outside of the aerodynamic wake and z - thę coordinate as indicatedin Fig. 1.
" s a constant relevant to the droplet size and flow conditions. The relationship bętween
:, 3roplet velocity, the gas velocity and droplet size is shown in Fig. 2. The curves given
.-;;alcula(ed for:

l:1.85, 10-5 kg/s, p:I.2a5 kg/*', pł.:1000 kg/m', z:0,3 m.

Tris group of parameters is relevant to the t.F.F.M. stand. The kinematics of the dro-
',:,:. particularly the droplet path in the absolute and relative ręference frames as well

- L F. F. M. - Institute of Fluid-Flow Machinery of thę Polish Academy of Sciences in Gdańsk.

:::.e IMP z. 69
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qenerated behind the
troiLinq edqe from a thin
water filLn fLowinq over
the pLote surface)

Lr: 0.0B m.,

Cross-sectioń A-A:

-?:7.10'm

l' , c*(r*,cI)

400

197.5
_ 4,39,
13"45,

10 l 400
200.5

10 
l

220.0
214.5 

l

+ż3"32,I
7"48,

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

as thę droplet velocity w* in the relative reference frame

ń*:ć *_i (2)

is shown in Fig. J.
The experiments in ref. [3] have bęen carried out for 4 air velocities:

ct:6a,15,92 and 153 mls.

Some parameters of 'droplet kinematics related to the data mentioned above are listed
beiow:

U:200 mls, ?:80o, D":7 ,1,0-3 m

cl [m/sl 60 153

r*
lĘ1

w-
d

la

ttt]

[m/s]

[m/s]
tp]
t9]

197.5

+3,4ż,
3,57,

198.5
400

197.5

- 5"14,
1 3,53,

10

ll
198.5
+7"06,

2"00,

200.5
+ 10,55,

6"45,

1,97.0

- 3,38,
20, 18,

400

197.o

- 0,30,
3 i "50,

Now the conditions of the droplet impact may be easily calculatęd under the assumption
that the droplet path shown in Fig. 3 does not change its shape in the neighbourhood
of thę 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 dtoplet
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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 beęn
already shown for ex. in ref. [4] that the erosion rate is proportional to it. Let us assume
that the structure of the droplet stręarn is defined by the droplet size distribution function

.fn(,*,,)=hĘ9 (3)

and that this lunction in the point where the sample intersects the droplet stream is given

by the equation

fn(r* , cr) : l{r rf;'ę - iv, 
'* (4)

The numbers iy'1 , Ą, Ę are experimentally established constants depending on c1 only.
Then the number of droplets of a particular size rn impinging upon the surface elemęnt

l&,(D"lz), dq of the sample per one crossing of the droplet stream is, according to Fig. 3,

equal to
D1n(r*.cr)LF:n(r*,cr)L;dęsinę , .2 ' cosł(r*, cr)

The volume of the water carried by these droplets is equal to

4D-1
^nr"*,n(r*,cr).Ljdrpsinq _. (6)
5 ż cosą(rr.,c|,

Since

cosa(r*, 
"r): -1Ł (7)

w* (r* , cr)

and the frequency with which the sample cfosses the droplet stream per unit time is uf nD,
hence, the volumetric flux relevant to this volumę of water is equal to

(5)

4
6tJ o(r*, c r, Q) : Tfrrl rX[,ę, n, c 1) Ar *

w*(t*, cr) sin p u l
u sin7 nD AR1

The product IN may.be eliminated by means of the continuity equation for
phase formulated for the cross-section 0-0 (Fig. 3) of the droplet stream.
form:

/M*:!np*rN T ri fn(r,*, cr) c*(r*, c1) dr*.
o

AM*

(8)

the liquid
It has the

/ M * : 
"i o 

r.* {r*, c r) n (r o) * nr'*, * :,Ź 
o", 

* (r *, c r) f, (r a_, c r) N Ar *! rł* p * . |9)

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:

(10)

(1 1)

źnp* I r'*f ,(r*, c1) c* (r* , c1) dr*
o

Hence

LN:
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For the particular droplet size

where

F(p):O

also,

the angłe a(r*, c') may be expressed by the equation:

o(:arctg(tgfi), (l2)

(13)f /c*(r*, cl)- ucos7\l w*(r*, c1) l. u'sinIy
taną:Sl8nL''"\ ,-t.-,.,l )J ,rl"y V'-Ęi;-, .rl,

The sign-function takes care of the appropriate sign of term tan a. The second part of
the R-H-S of the eq. (l3) may be easily deduced from the geometric relationship showrr

in Fig. 3. It must be remembered that for ęach droplet size r* wę obtain a different *.or,
in other words, a:a(r*,cr). Hence, in order to validate the eq. (8) for all droplet sizes,

the sin p function in it must be replaced by function F(p), such that (see Fig. 3):

r 1e; =iin 
I 

r - Q,(r o, ",) 
* :7

for Q<Qn(rx,rr)-ł,

nrcfor Q,(r*, cl)-; śłpśłp,(r*, cr)ł ; ,,żż
(14)

F(p):O for Q> Q,(r*, "r)+L ,

where

ęn(r*r, cr)- Qr(r*i-t, cr)+a(r*,- ,, cr)-a(r*r, cr)

Rearranging (8) bv

óU o(r*, ct,Q):

i:l ,2, 3 ... ,

and a(rrro, c1):a(r*1 , c1).

and (l4) results in

r]f,(r*, cr) w*(r*, cr)

r' .f,(r *, c r) w *(r *, c 1)

T ,'*f,(r*, c1) c*(r*, cr) dr*
o

(15)

(16)
ft

Q,tr*o, c1): 

'means of (11)

1 /M*
P* o*' 

irlf,ęa , cr) c*(r* , c1) dr* nD sin 7

0

-l- rrl
xsinI p- Qn(r*, cr)+; |Ar*. (I7)Lżl

One establishes the volumetric water flux U,(cr, q) for a surface element located by p
eŃending the integration of the value óUo(r*, c*, Q) over the whole range of droplet
size. Hence one finally obtains:

IAM 1, r
U o(c', ' '): ń AR."D 

":,"y )

-|- 
n1 1/M* 1

xsin|r- Qn(r*,rr\+T)dr*:ń m, 
"o 

,nrUA(cr, 
q). (18)
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In order to eliminatę the dependence of p one may averagę U,(cr, Q) over the circum-
ference of the sample. Hence:

0 "("r):

IAM* 1

9* ARl, nD sirry

Qr(t*^u*, Cl

ęn(t ,cl)+ż-T

- 
i"*r,

r*, cr) c*(r*, cr) dr*
''*f"(

*(r* ,

n2
'*, J

r*, cr)w

1, lM* 1 :_ : ,,.
. UA(c). (19)

p* ARt nD sin7

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

-r nl
c,) sin 

Ir- ęn(r*, cl)ł i ]dr*ar-

Ł : t'ft (-J' exp(-o,ż5/miAm,) ,

+:-ł(H)' ,,,(-ozsffi,)

.- ^+?:r+(H)s,nł t+l,

1\J-

(20)

^m=f(r)

Fig. 4. Characteristic material removal-time pattern, nomenclature, see also (ref. [4D
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For a flat sample the coefficien t k: A.p. other symbols of eq. (20) are exPlained in Fig, 4,

Thęmaximuminstantaneouserosionrate/(/m)lltisaccordingtoref.[4]andeq.(20)
equal to: 

/Um) , U"| }v*" \5"#:k"ń(-;'ff) =[J",1k. (2t)

These empirical relationships have been established for the flat materia] sample attacked

by a relatively homogeneor§ iin 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 dńplet groups of a particular size may be superimposed, That

assumption has not yet been provea and *u} u" accepted here merely as a fi.rst approxi_

mation, under this assumption, the theoretical ęvaluation of the maximum instantaneous

value of erosion rate may be based on the value:

óIJ "y(r*, 
ct, Q):'-"uu,7,*, ,,, el,(@zssa"-O)' (22)

its integral eŃended over all droplet size:
@

rtlM*l rril
IJ.y(ct,d: 

) 
6U.rdr*: p*N,ząn--orinyl T "3,

r'*f,(r*, c1) w*(r* , c1)

o l rl*[,(r *, c1) c,*(ra, , c 1) d r
o o

"I
ń 

[p 
- rp,(r 

^, 
c 1) + })O,-:

t lM*:ŃŃ,/R, \JEM(c1, p) (23)t
-D *r),

and the mean value:

U "a(ct):
IJ.r(cr, Q)dQ:

<?n(rgu",

l,

l

"t)+-z

ft
Qn(T**ur, "r)*ż

L lMx
"l*ł
Il"
J
0

?n(r*max'

p*No AR1 rtD sin7

ęn(r*^u*, "r)*ł Tri/,(.- 
, cr)c*(r*, cr)dr*

*i ,,-r,rr-, c,)w*(r*, .; [1rŃr::rr)]' 
-

o

- * 
[, - 

q o(r *, c 1) ł łfo, - " 
: #'#,ń-WI,I 

(c 1),

\

(24)
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The following mean values of the impact velocity have been also introduced:

ń*n(cr, ,):T}r*ł(r* , c1, q)r3*f,(r*, cr)dr*: T ł*f,(r*, cr)ilr*, (25){oo
(rł, + lrl {on +Tr\ ,*^^*

il*"G,):a-*l f ,*"(., , ę)dq. (zslM (r.*l) ) u
l, -/r*mar 

o

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

3. sorne results of numerical calculation and it's relation to sorne
experimental results

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

cr : 60 m/s through 7 5 , 92 , 153 m/s

the erosion rate changes substantially. A fragment of the experimental results in the form
of the relation lm:f (r) is shown in Fig. 5. The characteristic parameters l(lm)llt
and zo for a sample of soft aluminum used in ref. [3] are tabulatęd below:

There are also sho,wn the droplet size distribution functions relevant to the gas velo-
city c1. It is apparent that with the increase of gas velocity crthed.ispersion of the droplets
increases, and the representative mean value of the droplet size

(27)

decreases, as does the erosion late represented by the ratio l(/m)l/r defined in Fig. 4.
The complex of experimentaly established constants N1 , N, and Ą introduced in eq-
(4) is given below:

l(/m)
l,
To

0.482

143

2.096.1023
4.602
3.039.104

0,199

2żż

4,828.1014
2.293
3.877 .1o4

0,o76

318

0.020

374

mglmin

min

,i.: T r'*J,U*, c1) ilr*
o

Nl
N2

^I"

5.o77 .1034

6.547
1.090 . l05

5.519.102
4.56l
1.335.I05
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b)

[to3tim] r*n: 48,8 10 
6n, 

c, : 153 7n6

r*_-78,1 10'Óm, c, :92 m/s

r*r: fi8,8.10-6m : 75 m,'s

:2l3.3,10 "m,q: 60n/s

2a0 ,,^-ó .r. LlU mJ

Fig. 5. Fragments of the experimental results of erosion damage-time patterns and droplet §tr€aa
structure for the I.F.F.M. experimental stand (ref, [3D; a) material removal-time pattern§ §oft alumi-

num, b) droplet stream structure

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 instantaneou§ value of erosion rate l(/m)llT:U"u is proportional to the
volumętric water flux (Io over the eroded §urfacę of the §ample. The other reason for
the change of experimental valuę ot / (Am) l l,t may be the change in the term (ur*iy/2550)5.

In order to shed more light on the problem thę numerical calculations have beęn 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.:

ct:60,75 ,92,153 m/s, u:200m/s, 7:80o,

Ar*:|6,10-6m, F:1.85,10-5kg/ms,

p:1.205kglm3, p*:1000kgim3, z:0.3m.

10a 300 400 500 c [min]
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UA (c,)

t11,,I

5|_

,L

UEM (c,)

IX 106]

100 cl [m/s]

120

1l0

100

150 6,7mls]

ąN
M

[*lr]
---_-

Fig. 6. Some of the theoretically calculated droplet impact parameters; {JA(c,|, UEM(c), w*r(cr),

(0,)",lg].).,=,s^1" and.(0"y)",l(IJ",,1,,=,,.7. cźllculated theoretically, ("::')",lę#)",=,..rru-
- blished experimentally

In Fig. 6 the results of numerical calculations of (IA and UEM arę presented. Both
(},ł and, (lErń are proportional rc 0" and D'", respectively (see eq, (l9), (2Ą).0, and
8", decrease, as does the experimental value Z(/m) lt whęn c, increases. The tręnd
of change of both theoretical and experirnental values is the same. However, it may be
readily shown that

(^P)",l (4P)",=,,^,"

changes much faster than do ń"rlUA,,:75 and tlrttt",1 UnUt",=75. For cr:l53 m/s
there is already a difference in order of magnitude betwęen thę theoretical and experimental

(A(Am)1\ lr lC,

C,o*.= 75 m/s
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values. This difference clearly lnay not be explained as thę consequence of averaging,
or the a§sumption cotlcerning the superposition of erosion caused by the droplet groups
ol 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 structurę
easily for almost urchanged mean impact ve|ocity rn:* 1Fig. 6;.

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-
caied (ref. [2]) that tlre droplet size is probably related to the maximum instantaneous
r.alue of rationalized erosion rate, through the influence on its threshold value. The ra-
tionalized erosion rate has been defined in ref. [2] as follows:

o, _ Volume of material 1ost per unit area per unit time
-"-Volu.e oi liquid i.pinged p@e'

]n the nomenclature of this repoft:

- Volume of material lost per unit area per unit time:

1D-:/(/m)-r"lOr.tł".i
and

- Volume of liquid impinged per unit area per unit time:

9I

-lAM*l-:U_: _ _-_ UA." p*N"lR, tcD siny
Hence

E,(cr) -
l(/m)llt

UA

_Ąs indicated above /(lm)l/r has been established experimenta|ly, UA is calculated in
this report, so that E,(cr) related to'I.F.F.M. experiments may be readily found.

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

Ą:l, [,-,(,-*)] ". E,:f,[,-,-r/.i]

For both of thesę relations which, strictly speaking, are not yet fully confirmed by expe_

riment, the tęrms Gl@2*rrr.) ""ałelĘ relate to the threshold impact velocity w*r" such
ihat for ilxłŚWxł" no erosion results. G may be considęręd as a material constant. Now,
the experimental data of (ref. [3]) for an aluminum sample, partiaily quoted in Fig. 5,
maY be used to determine this constant G, and thus the relationship between lł**. and
r-. [t maY be done by means of the plot e,:f (r*) (see Fig. 7a) because in the experiments
mentioned thę mean value of the impact velocity lrx' was almost constant. In fact, for

(28)
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u:2a0 m/s the

for

mean impact velocity changes only between

frxr:119 ; I17.I; 115.5 ancl 113.5mls

ct:6a ; 75 ; 92 and 153mis respectively

(see Fig. 6),
Thus, from the appropriate extrapolation of the function E,--f (r*) (see Fig, 7a),

foragivenimpactvelocityfr*N:-116m/s,resultsthethresholddroplet sizer*c:44.|0-6
m. Hence, for the material considered*

G:d*"ńlN:1,185 m3is2 .

[mg/nin]

d- : 88,t0-6m.mC

ą)

0

b)

u: const:200mls

ą": - Const=116n/s

M
ALuminum

na

ńr,
M

{ris] 100
-2 ^ l4oą
i u l.JoJ
"*uc* ,ł = a
lu "+m "*m

300 d*^=2r*, [t0'6^]

ALuminun

1000 dnr=zĄ, u0 
6ftl

l(dd/lr
-UA 

Lr\v|/

C)

[mglmin]

Ń,r- Ń,,,, [nls1 ą, t- 
ffi_)tmtsi

Fig. 7. Threshold combination of velocity and droplet size (soft aluminum, §ee foot
note on page 93); l(lm)llt obtained r;;:,ł§ experiment, UA calc§lated, acc. to the
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The results of thę Busch and Hoff experiments (ref. [2]) may be here recollected. They
obtained for the rain-eroded aluminum the threshoid velocity }1y'*N":-33 m/s, Hence
the corresponding droplet slze d* would be of order l . l0- 3 m which appears qualitatively
reasonable for the rain droplet size.

Fig. 7c shows that when Ę is plotted versus fr**-fr*n. better correlation results than

in the case of the plott Ę versus ł*n(t- G \y iTa-)'
It has to be pointed out here that irr 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*" have bęen used. More extensive experimental data are neede<l 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 consideration.
To make it possible, a theoretical model of droplet impact for the experimental stand
of I.F.F.M, has been presented in this report. Attention has been particularly paid to the

calculations of the mean value of thę volumetric watęr flax Uo over the sample surface.

Also the mean value of the product of water flux, Ę, and (W**l2550)5 as węll as the mean

impact velocity łł*n, have been calculated.
3. Comparison of experimental and theoretica| data indicated that the experimentallY

established rationalized erosion rate E, changes faster with the gas velocity c1 than the-

oretically calculated water flux (}o and the mean value (J 
", 

of the produ ct U.(w *nl2550)5 .

4, It is likely that variation in droplet size causes this discrepancy. The threshold droplet
size of order r* : -44.106 m for mean impact velocity w,sN: - 116 m/s for soft aluminum
has been established under the assumption (ref. [2]) that the droplet size effęct can be

represented.by a fżctor of the form:

wir rx : const: G ,

5. The model presented of the droplet impact indicated that the experimental stand
tlf I.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 męan droplet size between
r*: -§Q,10-6 m up to about r*: d300,10-6 m,

- the mean valuę of the impact velocity may be controlled independently,

- the droplet stream structure seems to approach the stream structurę in the steam

:urbine.

* Aluminum PA6 (Polish Standards PN-59/H-88026: 3,8+4,8 lCu, o,4+0,8ftMg, 0,4+
+O,s%Mn, Jt":38kG/mm2, Rm=48,5 kG/mm2, a5=12f, HB=t3o).

93



94 J. Krzyżanowski

6. Further investigation of the relationship between the eros on resistance and the
droplet size are of importance because in ref. [1] it has been already shown that the impac.
Pararneters are also seriously influenced by the droplet streant structure. Thus the contro]
of the droplet stream structurę may offer a powerful method for the protection of steam
turbine blading.
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O relacji między wielkością kropel i szybkością erozji

streszczeni e

DotYchczas stosunkowo mało wiadomo o związku między wielkością kropel, a szybkością erozji
łoPatek turbin Parowych. Wskazano wprawdzie na drodze teoretycznej, że struktura strumienia kro-
Pel moŻe w istotny sposób wpłyłvać na niektóre parametry kolizji kropel z łopatką turbinową [1].
BY ruudĆ jednakże więcej światła na to zagadnienie, uruch,omiono w Instytucie Maszyn Przepływo-
wYch PAN serię badań eksperymentalnych na stoisku umożliwiającym łatwą zmianę struktury stru-
mienia kroPel. Cęlem tego oplacowania jest zaprezentowanie algorytmu wiążącego strukturę stru-
mienia kroPel we wspomnianym stoisku z niektórymi parametrami kolizji. Uczyniono również próbę
wstępnej analizy niektorych wyników doświadczeń [3].
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3anucrrłrocrr MexAy BeJIErItrHofi KaIIeJIb II cKopocTblo
3po3lloilIoro łpoqecca

pesrorlte

nnot rane.rrr n cKopocTb}oĄo crłx trop oTlloctrTeJlbno HeMHoro il3BecTno o 3aBI{cuMocTIł MexAy BeIIłq

fpoqecca 9po3IłIł JIonaToK IIapoBsIx ryp6lłrr. flo upar4e, yKa3blBaeTcfi Ha ocIIoBe T€opeTlłteckl{x Pac-
cyx4erłnź rra (!arr, qTo cTpyKTypa IIoTo(a KaIIeJIb MoxeT B caMolv1 AeJIe BJItrlITL Ha Hel{oTopble Eapa-

MeTpbI K6JIJIII3EIł KaEeJIb c ryp6urrrłoź ;ronarroź [1]. Ans JryIlmero BblficnęHfi' 9Toro Bollpoca B tr4rłcut-

Tyre [poTorilrblx MaIrrffH IIAH rrporegena cep}Irt 3KcIIepI{MeIITaJIbHbIx lłccJleAoBarrrłfi 3po3lflł Ha cTeIłAe,

IIo3BoJlr}ouIeM ;lelKo MeHrT.b cTpyKTypy EoTofia raJleJr_b. Ęe.lrr,o lrofi pa6orsr .ffiflĘeTclł oTlpeAeneH]łe

źrnroplłTMa, cBr3blBaloqero cTpyl(Typy noToKa KaIIeJIb Ha yKa3aIIHoM cTeEAe c HeI(oTopbIMIł fiapaMe-

TpaMI{ KoJaI6rłrł. CAerrarła Taxxe nom,ITKa npoBeAeHIł, BcTyn[TeJIbEoro aHaJIIrca HeKoToPbIx Pe3YJlb-

TaToB ltccleAoBaHnź [3].


