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A simple and more e f f i c i e n t  technfque f o r  descaling hard s i l i c a  scales 
i s  urgent ly  needed i n  order t o  exp lo i t  geothermal energy resources 
economically. 
Incorporated is  engaged i n  a research and-development program u t i l i z i n g  
t h e  phenomenon of c a v i t a t i o n  f o r  cleaning and descaling under t h e  spon- 
sorsh ip  of ERDA, Division of Geothermal Research. 
t h e  research  ca r r i ed  ou t  so  f a r  under t h i s  program is  reviewed i n  t h i s  
presentation. 

Various e f f e c t s  of t h e  phenomenon of c a v i t a t i o n  erosion are presented. 
The i n t e n s i t y  of c a v i t a t i o n  erosion and i ts  use i n  descaling app l i ca t ions  
are explained. 
discussed. 
engineering f e a s i b i l i t y  of u t i l i z i n g  c a v i t a t i o n  and t o  generate engineer- 
ing  design da ta  f o r  i t s  app l i ca t ion  i n  geothermal technology. 

The test f a c i l i t y  used f o r  t h i s  research c o n s i s t s  of flow equipment, test 
chamber, and assoc ia ted  instrumentation. The performance of c a v i t a t i n g  
nozzles have been evaluated over a range of s i zes .  e i n t e n s i t y  of 
e ros ion  f o r  one s p e c i f i c  nozzle has been measured. e cleaning rates, 
t h e  q u a l i t y  of cleaned sur face  and t h e  i n t e n s i t y  margin a v a i l a b l e  so  as 
not t o  damage t h e  pipe w a l l  have been determined f o r  t h i s  s p e c i f i c  de- 
sign. 

With t h i s  ob j ec tive i n  mind , DAEDALEAN ASSOCIATES, 

The h igh l igh t s  of 

The parameters governing t h e  i n t e n s i t y  of 'erosion are 
The o v e r a l l  ob jec t ives  of t h e  program are t o  demonstrate t h e  

Fur ther  work is  under progress. 

. .  . .  
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DISCLAIMER 
 

This report was prepared as an account of work sponsored by an 
agency of the United States Government.  Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights.  Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof.  The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 
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CAVITATION DESCALING TECHNIQUES 
FOR GEOTHERMAL APPLICATIONS 

PROGRAM OBJECTIVES 

0 DEMONSTRATE THE FEASIBILITY OF 
CAVITATION DESCALING TECHNIQUES 
FOR GEOTHERMAL SCALES 

COLLECT DESIGN DATA ON: 

B CLEANING RATE 

JET SPEED 

FLOW RATE 

NOZZLE GEOMETRY 

m SCALE THICKNESS 

m PIPE DIAMETER 

CLEANING PROCEDURE 

I HORSEPOWER REQUIRED 
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ACCOMPLISHMENTS TO-DATE 

0 EXPERIMENTAL FACILITY WAS COMPLETED 
8 AND CALIBRATED 

a FEASIBILITY OF CAVITATION DESCALING 
TECHNIQUE WAS ESTABLISHED 

8 DESIGN DATA ARE BEING COLLECTED 

NOZZLE SIZE 

PRESSURE 

SlTY FOR PIPE WALL. 

CLEANING RATES ON TYPICAL SCALES 

I . .  
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E a  

Pa 

INTENSlfY OF CAVITATION DAMAGE 

POWER ABSORBED 
Intensity =AREA OF EROSION 

i = AVERAGE DEPTH OF EROSION 

S e  = EROSlON STRENGTH 
OF MATERIAL 

t = DURATION OF EROSION 



- .  SHOCK 

Single Impact Ay'*Se Q: P:R 
I 

* Y  *Se 0: Pi* R.*f 

STAGNATION WATER-HAMMER 
PRESSURE PRESSURE 

SPHERICAL COLLAPSE (Macrolet) (Microlet ) 

Pi" Po (Ro/R,> P..:ji I p v= P.ap I c v j  2 

For example: 

4 1 

PARAMETERS GOVERNING INDENTATION AND RATE OF EROSION -, 
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MASTER CHART FOR CAVITATION EROSION 
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I t 
t ,  

GRAM B A S ~ L T  

1 COMP. STRENGTH COMP. STRENG 
35,000 psi. 

DRILLING RATE - 
2;s * inches/minute 3.0 inches/minute - ,_ 

' DRILLING RATES ON HARD ROCKS 

_ _  
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watts 
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4 
STAN D-OFF DISTANCE=%' 

\ PRESSURE=12,000 psi 

PRESSURE=10,000 psi \ 

PRESSURE=8,000 psi - 
I I 

0.023 0.025 
ORIFACE DIAMETER,INCHES 

INTENSITY OF CAVITATION EROSION vs. NOZZLE SIZE -. . . ~ 

AT CONSTANT PRESSURE 
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THRESHOLD INTENSITY 
FOR PIPE MATERIAL 

ORIFICE i DIA.= 0.023" 
PRESSURE = 12,000 psi 

600 

200 - 
100 

INTENSITY 
w atts 

m2 

THRESHOLD INTENSITY 

FOR SCALE = 42.7 - watts .\ 
60 
50 m 2  

40 

.: J EFFECTIVE SCALE THICKNESS 
THAT C A N  BE CLEANED 

ECTIVE SCALE THICKNESS 
WITHOUT AFFECTING THE PIPE WALL ' -' 

! 
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NOZZLE TRANSLATlON RATE = 11.25 in/sec 80 

. .  

CLEANING 
RATE 
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NOZZLE DIAMETER, INCHES 
!7 

CLEANING RATE AS A FUNCTION OF ORIFICE DIAMETER W H  RESPECT TO 
NOZZLE PRESSURE FOR CONCAVER CLEANING SYSTEM IN &INCH DIAMETER 
SCALED PIPE AS RECEIVED FROM THE IMPERIAL VALLEY GEOTHERMAL FIELDS 
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