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CALCULATIONS OF THE RATE HYDROABRASIVE WEAR  
INTERSTAGE SEAL OIL PUMP 

V.G. Ostrovskij, S.N. Pesherenko 

Novomet-Perm JSC, Russian Federation

The influence of wear stage submersible pump seals on its characteristics. The review of existing literature 

on the calculation and modeling of wear of submersible pumps, including the calculation of the rate of wear of 

seals.The analysis of the factors influencing the rate of deterioration of seals. A mathematical model of seal 

wear with the influence of parameters of mechanical impurities, such as particle size, concentration, density, 

hardness and geometry seal (length and width of the gap between the impeller and diffuser, the radius of 

seals), material properties, pump and fluid properties such as viscosity, density, and flow rate. The model takes 

into account the possibility of jamming of the particles in the gap and, as a consequence, a significant increase 

in the rate of wear. Based on the model proposed method of calculating the wear rate of interstage seal sub-

mersible oil pumps for pumping fluids containing abrasive particles, adjusting the gap size due to wear. The 

basis for calculating the rate of wear is to calculate the number of leaks through interstage seal varies with the 

gap increase due to wear. Example calculations are compared with experimental data. Selected empirical coef-

ficient K for the selected diagonal step ETSN5A-320, allows calculations seal wear rate in any mode of opera-

tion of the pump (at different feeds and speeds of the shaft). Especially useful is a method of calculating the 

design of new steps, because it allows to calculate the required parameters interstage seals based on the ex-

pected parameters of the pump. 

Key-words: submersible pump, centrifugal pump, interstage seal gaps hydroabrasive wear, pressure levels, feed 

pump, test pumps, pump life, reliability, leakage in the pump seal wear model, the rate of wear, abrasive particles, 

mechanical impurities.  
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E ,+'.&)I!! 8"!#) J("&*& <"(#!,)-
K.') .!/,&;&7(( (,.!,'(3(*+2(( -&64-

0( ,!3.(, &-,(# (5 8(-&8 *&.&"4/ )8;)-
!.') 7(-"&"+5"48 <;+'.+, '&<"&8&9-+K-

I(:') 84,&'&# #!/+,(0!'*(/ <"(#!'!:
8 -&648+!#1K 9(-*&'.$. >-,+*& <"(
L.&# ,+6;K-+!.') (5,&' #!9'.1<!,0+.4/
1<;&.,!,(:, <"(8&-)I(: * 18!;(0!,(K
1.!0!* 0!"!5 1<;&.,!,() ( <+-!,(K ,+-

<&"+ ,+'&'+. M+*, 64;( <"&8!-!,4 +6"+-
5(8,4! '.!,-&84! ('<4.+,() ,!3.),&7&
,+'&'+ NOC5P-320 8 .!0!,(! 8 0 <"(
'&-!"9+,(( +6"+5(8,4/ 0+'.(2 1 % &6.

Q+5&" 8 #!9'.1<!,0+.&# 1<;&.,!,((
18!;(0(;') 8 6 "+5.  +-!,(! ,+<&"+ ,+
,&#(,+;$,&: <&-+0! ("('. 1), '&'.+8(;&

~30 %. E .!/ 9! ('<4.+,()/, ,& <"(
5+#!,! 1<;&.,!,() ,+ (5,&'&'.&:*&!,
<+-!,(! ,+<&"+ '&'.+8(;& .&;$*& 7 %. 

D;!-&8+.!;$,&, 1.!0*( 0!"!5 1<;&.,!,(!
)8;)K.') &-,(# (5 7;+8,4/ 3+*.&"&8,
&<"!-!;)KI(/ ,+-!9,&'.$ ,!3.),4/
,+'&'&8.

B'';!-&8+,() "+6&.4 <&7"19,4/ ,!3-

.),4/ ,+'&'&8 <"( <!"!*+0*! +6"+5(8,4/
<"(#!'!: .&;$*& ,+0(,+K.') [1–3]. >'-
,&8,&! 8,(#+,(! <"( <"&!*.("&8+,((
<&7"19,&7& ,+'&'+ 1-!;)!.') "+'<&;&-

9!,(K ( (5,&'&'.&:*&'.( <&-J(<,(*&8
[4, 5].  "( L.&# 8&<"&' (5,&'+ #!9'.1-

<!,0+.4/ 1<;&.,!,(: 8 -+,,4/ "+6&.+/
<"+*.(0!'*( ,! "+''#+."(8+!.'). >6I(!
#!.&-4 <& &<"!-!;!,(K ,+-!9,&'.( <&-

7"19,&7& &6&"1-&8+,() ,+ &',&8! L*'<!-
"(#!,.+;$,4/ -+,,4/ &6 (5,&'! <"(8&-

-).') 8 [6]. B58!'.,+ #!.&-(*+ "+'0!.+
'*&"&'.( 7(-"&+6"+5(8,&7& (5,&'+ 1<-

;&.,!,(: -;) 2!,."&6!9,4/ ,+'&'&8 [7], 

,& &,+ ,! 10(.48+!. (5#!,!,(! "+5#!"+
5+5&"&8 8 1<;&.,!,(( <"( (5,&'!, + '&&.-
8!.'.8!,,&, ( (5#!,!,() '*&"&'.( (5,&'+
1<;&.,!,() 8& 8"!#!,(.

D*&"&'.$ (5,&'+ 1<;&.,!,(: "+5;(0-

,4/ .(<&8 '.1<!,!: ("+-(+;$,4!, -(+7&-

,+;$,4!) 8+"$("1!.') -&'.+.&0,& '(;$-

,&, .+* *+* &.;(0+K.') ( "+5#!"4 1<;&.-

,!,(:, ( <!"!<+- -+8;!,() ,+ ,(/.  "&-

8&-(.$ +6"+5(8,4! ('<4.+,() 8'!/ .(<&8

%('. 1. B5#!,!,(! "+'/&-,&-,+<&",&:

/+"+*.!"('.(*( '.1<!,( NOC5P-320 <"( (5,&'!

#!9'.1<!,0+.4/ 1<;&.,!,(::

–––––   – -& +6"+5(8,4/ ('<4.+,(:;

– – – –   – <&';! ('<4.+,(:

1<;&.,!,(: <"( 8'!/ "+6&0(/ "!9(#+/

-&"&7& ( -&;7&, <&L.&#1 ,!&6/&-(#+ #!-

.&-(*+ "+'0!.+ '*&"&'.( (/ (5,&'+ <"(

5+-+,,4/ 1';&8()/. E [7] 64;+ <"!-;&-
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.+ 7(-"&+6"+5(8,&7& (5,&'+ 1<;&.,!,(:

<&8!"/,&'.,4/ ,+'&'&8. O!;$K -+,,&:

"+6&.4 )8;);+'$ +-+<.+2() #!.&-(*(

"+'0!.+ '*&"&'.( 7(-"&+6"+5(8,&7& (5-

,&'+ #!9'.1<!,0+.4/ 1<;&.,!,(: -;)

,!3.),4/ <&7"19,4/ ,+'&'&8 <1.!# 88!-
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(5#!,!,() "+5#!"&8 5+5&"&8 ( <&-6&"

L#<("(0!'*(/ *&L33(2(!,.&8 '*&"&'.(
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7%02*3 -8.%9" :)*%$.2.-;

>6&5,+0(# J("(,1 5+5&"+ 8 1<;&.,!-
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;)KI(# +<<+"+.&# 0!"!5 s, + '*&"&'.$

!7& (5,&'+ – ds/dt. E!;(0(,+ ds/dt 5+8(-

'(. &. ';!-1KI(/ <+"+#!."&8:

– 3(5(0!'*(/ '8&:'.8 .8!"-4/ 0+'-

.(2: &6R!#,&: *&,2!,."+2(( c, <;&.,&-

'.( ρs, -(+#!."+ ds ( .8!"-&'.( Hs [8]; 

– '8&:'.8 9(-*&'.(: *(,!#+.(0!'*&:

8)5*&'.( ν, <;&.,&'.( ρ ( '*&"&'.( w

-8(9!,() 9(-*&'.( [9, 10] &.,&'(.!;$,&

'.!,&* 1<;&.,!,() #!9-1 "+6&0(# *&;!-

'&# ( ,+<"+8;)KI(# +<<+"+.&#;

– 7!&#!."(0!'*(/ "+5#!"&8 1<;&.,!-

,(): J("(,4 S, -;(,4 L, "+-(1'+ *&;$-

2!8&7& 5+5&"+ R ( .8!"-&'.( #!.+;;+ ,+-

'&'+ HMe [7, 8]. 
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,p∆ outp∆  – <&.!"( -+8;!,() (5-5+

;&*+;$,4/ '&<"&.(8;!,(: ,+ 8/&-!

( 84/&-! (5 1<;&.,!,(), -;) <")#&17&;$-

,4/ *"&#&* *+,+;+ [14], 2

in in
V S 2mp c∆ = ,

2
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7-! w(s) ,+/&-(.') *+* "!J!,(! +;7!6-

"+(0!'*&7& 1"+8,!,() (8). 

<1)-&-429="> %?2.="

=%@AA-?-2.$" K

 &-6&" *&L33(2(!,.+ K <"&(58&-(;')

,+ &',&8! ('<4.+,(: '.1<!,!: <&7"19,&7&

,+'&'+ 8 +6"+5(8,&: '"!-!. E L*'<!"(#!,.!

5+-+,4 ';!-1KI(! 1';&8():

– '.1<!,$ NOC5P – 320, 

– 0+'.&.+ 8"+I!,(), n = 4500 &6/#(,,

– <&-+0+ 9(-*&'.( – 500 #3/'1.,

– ,+<&", "+58(8+!#4: &-,&: '.1<!-

,$K, WH = 10,52 #,

–   = 10 *7/#3, <"( L.&# +6"+5(8,4!

0+'.(24 <&;,&'.$K '&'.&). (5 *8+"2!8&-

7& <!'*+ ' &'."4#( 7"+,)#(;

– "+-(1' 1<;&.,!,(), R = 0,0268 #,

– -;(,+ 1<;&.,!,(), L = 0,006 #,

– Ss = 2200 *7/#3;

– "+5#!" +6"+5(8,4/ 0+'.(2 0,5–1,0 ##,

<& 7"+,1;&#!."(0!'*&#1 +,+;(51 6&;$J+)

0+'.$ 0+'.(2 (#!!. "+5#!" ds = 0,6 ##;

– ,+0+;$,4: "+5#!" 5+5&"+ 8 1<;&.,!-

,((, s0 = 0,175 ##;

– "+5#!" 5+5&"+ <&';! 2 0 ('<4.+,(:,

s2 = 0,7 ##;

– "+5#!" 5+5&"+ <&';! 8 0 ('<4.+,(:,

s8 = 1,0 ##.

N*'<!"(#!,.+;$,+) 5+8('(#&'.$ "+5-

#!"+ 5+5&"+ <"(8!-!,+ ,+ "('. 2 ('<;&J-

,+) ;(,()). %+'0!.,+) 5+8('(#&'.$ – 

J."(/&8+) ;(,() (<&';! <&-6&"+ *&L3-

3(2(!,.+ K ~ 12). 

C+ "('. 3 <"!-'.+8;!,+ 5+8('(#&'.$

'*&"&'.( (5,&'+ &. "+5#!"+ 5+5&"+, '*+0-

%('. 2. B5,&' 1<;&.,!,() '.1<!,( 8 /&-!

+6"+5(8,4/ ('<4.+,(:: ––– – L*'<!"(#!,.+;$,4!

-+,,4!; – – – – "+'0!.,4! -+,,4!

%('. 3. Q+8('(#&'.$ '*&"&'.( (5,&'+

&. "+5#!"+ 5+5&"+

*&&6"+5,&! (5#!,!,(! '*&"&'.( (5,&'+

'&&.8!.'.81!. 5+5&"1, 8 *&.&"&# <!"!-

'.+K. 5+'."!8+.$ 0+'.(24 (.+*9! '&&.-

8!.'.81!. .&0*! <!"!7(6+ ,+ "('. 2). 

B"=*C42.-2

 &;10!,,+) #!.&-(*+ "+'0!.+ '*&"&'-
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6!5 <"&8!-!,() #,&7&0(';!,,4/ L*'<!-

"(#!,.&8 '"+8,(.$ ,+-!9,&'.$ "+6&.4

<&7"19,4/ ,!3.),4/ ,+'&'&8 8 "+5;(0-

,4/ "!9(#+/, * <"(#!"1, <"( "+6&.! ,+

"+5,4/ <&-+0+/ (;( ,+ "+5,4/ 0+'.&.+/.

>'&6!,,& <&;!5,+ .+*+) #!.&-(*+ <"(

<"&!*.("&8+,(( ,&84/ '.1<!,!:, .+* *+*

<&58&;(. "+''0(.+.$ ,!&6/&-(#4! <+"+#!.-

"4 #!9'.1<!,0+.4/ 1<;&.,!,(: ('/&-) (5

&9(-+!#4/ <+"+#!."&8 "+6&.4 ,+'&'+.
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