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The resul ts  of an investigation of the erosive propert ies  of two-phase nozzle flows are  pre-  
sented. Recommendations are  made concerning the design of wea r - r e s i s t an t  nozzles.  

Two-phase flows have numerous industrial  applications, for example, in sand and shot blasting, coat- 
ing technology, etc. The most  cr i t ical  component of the equipment employed is general ly  the nozzle, which 
is usually cylindrical  (less frequently conical) in shape [1-4]. The solid par t ic les  suspended in the gas 
rapidly abrade the nozzle. Though nozzle life can be considerably extended by using e ros ion - r e s i s t an t  
mater ia l s  (ceramics,  cermets ,  hard alloys,  etc.) [3,4], the erosion problem can by no means be considered 

s o ived. 

We have investigated the effect of various pa ramete r s  of the two-phase flow (particle concentration, 
nozzle inlet p ressure ,  flow duration) on nozzle wear.  This investigation has led to the development of an 
improved nozzle geometry.  

The experimental  setup comprised  (Fig. 1) a c o m p r e s s o r  1, a hopper containing the abrasive part icles 
2, a sc rew feed 3, and aerat ion chamber  4 for mixing the gas and solid phases,  a hopper with a fi l ter  5 for 
trapping the par t ic les  for reuse,  and a nozzle chamber  6. As the abrasive mater ia l  we used synthetic co- 
rundum (mean particle d iameter  130 ~). 

In the experiments  we recorded the a i r  and part icle flow rates,  the mixture p ressure  at  the nozzle 
inlet, the initial and final nozzle dimensions,  and the ftow time. The flow tempera ture  at the nozzle inlet 

was 25-30~ 

The effect of part icle  concentrat ion (p = Gs/Gg) on wear  was investigated on cyl indrical  nozzles made 
of 40Kh steel hardened to 40-45 HRC. The nozzle dimensions and the effects of wear  are  shown in Fig. 2. 
The convergent  part  of the nozzle 2 was made of 2Kh13 steel. The nozzles were tested at an a i r  flow rate 
of 9 �9 10 -3 kg/sec  on the part icle concentrat ion range from 0.8 to 4.6. The flow time was 25 rain. 

As the wear  pa rame te r  we took the relative increase  in outlet d iameter  
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On the investigated range of part icle concentrat ions the Ap dependence is a lmost  l inear (Fig. 3). 

The flow time effect was investigated on nozzles made of acryl ic  plastic with a convergent  section 
composed of 2Khl3 steel .  The nozzle was 50 mm long and the d iameter  of the cyl indrical  channel was 3 ram. 
The tes t  conditions were as follows: a i r  flow rate 9 �9 10 -3 kg/sec ,  part icle concentrat ion 1.6. 

The tests  showed that with time the wear  decreases  (Fig. 3). After 80 min the exit d iameter  of the 
acry l ic  nozzle remains  pract ica l ly  constant. 

The effect  of inlet p ressu re  was also studied on acryl ic  plastic specimens.  The nozzle length was 
30 mm, the channel d iameter  3 mm. The inlet p re s su re  was varied on the range 2-5 arm abs. at a part icle 
concentrat ion of 1.6. The duration of the tes t  was 30 min. The grea tes t  wear  corresponded to an inlet 
p ressu re  of 5 atm abs. (Fig. 3). 
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Fig. 1. Experimental  setup for investigating nozzle wear.  

The resul ts  of the experiments  showed that the throat  d iameter  changed only slightly. Thus, af ter  
five hours the relative change was 5%, whereas the d iameter  of the outlet section increased by approxi-  
mately a factor of three (nozzle mater ia l  40Kh steel). 

A study of the eroded nozzle profiles also revealed that the shape beyond the throat  was s imi lar  to 
that of ideal nozzles for a pure gas constructed,  for example, by the Rao method, except that in the throat  
region the experimental  nozzle has a g rea te r  radius of curvature  (Fig. 4). 

In addition, it is necessa ry  to note the exponential dependence of the nozzle wear  on operating time 

(Fig. 3). 

These observations may be explained as follows. 

The throat  diameter  remains a lmost  the same because of the low particle content in the boundaryzone.  
This is a result  of the inclination of the particle t ra jec tor ies  to the axis in the convergent part  of the nozzle 
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Fig. 2. Cylindrical nozzle 1 assembled with entrance section 2. 
sents the nozzle profile af ter  operation. 
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Fig. 3 

The dashed line repre -  

Fig. 3. Nozzle wear  as a function of the flow pa ramete r s :  1) wear  (z~, %) of steel nozzle 
as a function of corundum particle concentration; 2) wear  (AT, %) of acryl ic  plastic nozzle 
as a function of flow time (Po =5 atm abs.); 3) wear  (Ap, %) of acry l ic  plastic nozzle as a 
function of inlet p ressure .  T, min; p, a tm abs. 
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Fig. 4. Compara t ive  nozzle prof i les :  
1) conical  nozzle; 2) expe r imen ta l  noz- 
zle;  3) Rao nozzle.  

and the lagging of the par t i c les  behind the gas in relat ion to 
the rotat ion of the gas s t r eaml ine s  in the throa t  [5]. Calcu-  
lations show that there  a r e  no pa r t i c les  in the plane of the 
th roa t  at  a dis tance f rom the axis g r e a t e r  than 70-80% of 
the th roa t  radius.  

The fact that the radius of curva ture  in the throat  is 
g r e a t e r  in the exper imen ta l  than in the Rao nozzle can a l so  
be a t t r ibuted to the lagging of the par t i c les  behind the gas in 
the radia l  direct ion.  

The s tabi l izat ion of the shape of the nozzle with t ime  takes  place as  follows. During flow the nozzle 
sur face  is abraded  as  a r e su l t  of par t ic le  impac t  and fr ict ion.  This  continues unti the nozzle geome t ry  
becomes  opt imal  f rom the gas -dynamic  standpoint.  At this point the par t i c les  cease  to come into contact  
with the nozzle su r face  as  a resu l t  of lagging behind the gas in the gas in the radia l  d i rec t ion and we get 
smooth separa t ion  flow. 

Thus,  cyl indr ica l  nozzles  a re  unsa t i s fac to ry  f rom the standpoint of wear .  The bes t  nozzle is that 
formed by the ab ra s ive  flow i tself .  Anideal  (e.g., Rao) nozzle sa t i s f ies  the wear  r equ i remen t s  to the same  
degree  as the expe r imen ta l  nozzle (Fig. 4). Conical nozzles have a high (though less  than the exper imen ta l  
nozzle) degree  of w e a r  r e s i s t ance  at  a ce r t a in  ra t io  of the outlet to th roa t  (d0/d t) d i ame te r .  For  the inves-  
t igated nozzle lengths this ra t io  is equal  to 3-5.  
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NOTATION 

a r e  the d i a m e t e r s  of the nozzle outlet sect ion before  and a f t e r  the exper imen t  respect ive ly ;  
a r e  the gas and solids flow ra tes ;  
is  the nozzle inlet  p r e s s u r e ;  
is the radius  of the nozzle c ro s s  section;  
is the coordinate  along the nozzle axis;  
is the par t ic le  concentrat ion;  
is the duration of the test ;  
a r e  the nozzle w e a r  values  as  functions of p r e s s u r e ,  par t ic le  concentrat ion,  and flow 
t ime.  
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