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Abstract

The article presents the two prospective methods that may be applied for the shape improving and pressure 

characteristics controlling of a low-velocity axial pump, namely the J-Grooves or inlet guide vanes installing.

Modern aircraft engines are being characterized by a wide range of thrust control that allows adapting to various ß ight 

conditions and maneuvering requirements. Axial pumps are often applied as booster pumps for the inlet pressure 

increasing and ensuring cavitation-free operation of the main engine pump of an aircraft. Thus, an important 

requirement, namely the multi-mode operation, is placed on these pumps. For the most part, the shape of energy 

characteristics of the low-speed pumps with axial impellers is non-monotonic (with the fall-in section). Ensuring 

a monotonically decreasing pressure characteristic of an axial ß ow pump is one of the main goals of pump design 

optimization.

The article presents practical recommendations on the J-Grooves with axial and inclined grooves design, based on 

the experimental data, which allows adjusting the shape of the pressure characteristic of a low-speed axial pump 

to the monotonously falling one. The results of studies of the of the inlet ß ow peripheral part pre-swirling at the 

inlet to the axial pump by the inlet guide vanes with various density are presented as well.

It was found that with various devices installing in the pump inlet line, the anti-cavitation qualities of the pump 

degrade in the area of the pressure characteristic non-monotonicity, which correlates with the pump pressure 

increase. The article gives recommendations on application of the studied j-Grooves and inlet guide vanes. For the 

pumps fastidious to the multi-mode operation, application of the J-Grooves devices with axial or inclined grooves 

for the non-monotonicity correction of the pressure characteristic is preferable. The inlet guide vanes application 

is possible, if necessary, to increase the head of the axial pump in the local area, if the required cavitation reserve 

allows this. Varying such design parameter as density (the number of blades of the inlet guide device) allows shifting 

the local zone of the pump pressure increase, which allows controlling the pressure characteristic. The studied 

inlet guide vanes and J-Grooves may be employed not only in the aviation and space industries, but in the other 

Þ elds as well.
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C?BM489= ;BA B5D4FAOI FB>B6 < 4>F<6AB7B CBFB>4 
BF C4D4@9FD4 q1 6 ED46A9A<< (789 SB.F � C?BM48P B5-
D4FAB7B F9K9A<S, 4 S6I � C?BM48P 6IB84 6 A4EBE), <; 
>BFBDB= 6<8AB, KFB CD< GEF4AB6>9 !D' ;A4K<F9?PAB 
G@9APL49FES 69?<K<A4 B5D4FAOI FB>B6 A4 6IB89. 
!4 D<E. 6 CD98EF46?9A B5N9@ B5D4FAB7B F9K9A<S 6B 

$<E. 4. (BD@4 I4D4>F9D<EF<> BE96B7B A4EBE4
              E GEF4AB6?9AAO@ BCF<@4?PAO@ !D' [11, 12]
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6IB8AB= @47<EFD4?< A4EBE4, 789 A47?S8AB 6<8AB 97B 
G@9APL9A<9.
�?S <ECD46?9A<S HBD@O A4CBDAB= I4D4>F9-

D<EF<>< BE96OI A4EBEB6 A4 BEAB69 Q>EC9D<@9A-

F4?PAOI 84AAOI 5O?< D4;D45BF4AO E?98GRM<9 
CD4>F<K9E><9 D9>B@9A84J<<:

� BFABE<F9?PA4S BE964S 8?<A4 CDBFBK9> L/d6I > 0,25;

� 7GEFBF4 BE96OI CDBFBK9> τ > 3,74, 4 A4>?BAAOI 
CDBFBK9> 6 CD989?4I τ = 5,5 � 5,8.

�4AAO9 CD4>F<K9E><9 D9>B@9A84J<< >BDD9-
?<DGRF E D9;G?PF4F4@< <EE?98B64A<= ;4DG59:AOI 
46FBDB6 [15, 16], 789 G69?<K9A<9 8?<AO BE96B= 

CDBFBK>< ECBEB5EF6G9F G69?<K9A<R A4CBD4 A4-
EBE4 6 ;BA9 ;4C484A<S A4CBDAB= I4D4>F9D<EF<>< 

BE96B7B A4EBE4.

$<E. 5. �46<E<@BEFP BFABE<F9?PAOI C?BM489= ;BA
              B5D4FAOI FB>B6 < 4>F<6AB7B CBFB>4
              BF C4D4@9FD4 q1 6 ED46A9A<< [21]

                4    5
$<E. 6. "5N9@ B5D4FAB7B F9K9A<S 6B 6IB8AB=
              @47<EFD4?< A4EBE4 E CB?9@ BE96B= E>BDBEF<
              CD< Q/n = 8,54 (?/K)/(B5/@<A):

              4 � 59; 8BD45BFB>;

              5 � E A48DBFBDAO@ GEFDB=EF6B@ E BE96O@<
                     CDBFBK>4@<

%FB<F BF@9F<FP, KFB A9E@BFDS A4 A9>BFBDB9 
GIG8L9A<9 >46<F4J<BAAOI I4D4>F9D<EF<> [12], 

GEF4AB6>4 BCF<@4?PAB7B A48DBFBDAB7B GEFDB=EF64 
89?49F A4EBE 5B?99 EF45<?PAO@ < @AB7BD9:<@AO@.

"EAB6AB9 CD9<@GM9EF6B BE96OI CDBFBK9> BF-
ABE<F9?PAB A4>?BAAOI ;4>?RK49FES 6 FB@, KFB BA< 

6OCB?ASRFES CB CDS@B= ?<A<< 68B?P BE<, KFB GCDB-
M49F CDBJ9EE <I <;7BFB6?9A<S. &4><9 CDBFBK>< @B-
7GF 5OFP ?97>B 6OCB?A9AO E CB@BMPR EF4A84DFAOI 
HD9; <?< D9;JB6, < <I B5D45BF>4 FD95G9F ;A4K<F9?P-
AB @9APL9 6D9@9A<. �ECB?P;B64A<9 !D' CB;6B?S9F 
59; ;A4K<F9?PAOI <;@9A9A<= >BAEFDG>J<< A4EBE4 
8BEF<7AGFP FD95G9@OI ;A4K9A<= A4CBD4. &4><9 A48-
DBFBDAO9 GEFDB=EF64 @B:AB CD<@9ASFP >4> 6 �&!� 

�$�, F4> < 6 E4@B?9FAOI FBC?<6AOI E<EF9@4I 
CB84K< CD< A9B5IB8<@BEF< 8?S <ECD46?9A<S A4-
CBDAOI I4D4>F9D<EF<>. !D' @B7GF GEF4A46?<64FPES 
A9 FB?P>B A4 BF89?PAB EFBSM<I BE96OI A4EBE4I < 

LA9>4I, AB < A48 CD986>?RK9AAO@< EFGC9AS@< 6 
LA9>BJ9AFDB59:AOI A4EBE4I [22].

$97C;PB4BO 8AA;98>64=8O ?@8<9=9=8O 6E>8=OE
;>?4B>G=OE CAB@>9AB6
�IB8AB9 ?BC4FBKAB9 GEFDB=EF6B (6 <ABEFD4AAB= 

?<F9D4FGD9 � IGV) CD98EF46?S9F EB5B= ?BC4FBKAGR 

D9L9F>G, GEF4AB6?9AAGR 6B 6IB8AB= @47<EFD4?< 

A4EBE4, >BFBD4S EB;849F CD9864D<F9?PAGR ;4-
>DGF>G CBFB>4. �4>DGF>4 CBFB>4 A4 6IB89 S6?S9FES 
L<DB>B <ECB?P;G9@O@ @9FB8B@ D97G?<DB64A<S 
QA9D79F<K9E><I I4D4>F9D<EF<> 6 CDB@OL?9AAOI 
J9AFDB59:AOI >B@CD9EEBD4I. "8A4>B CB ED46A9-
A<R E J9AFDB59:AO@< >B@CD9EEBD4@<, 6 A4EBE4I 
��' <ECB?P;G9FES >D4=A9 D98>B, < BEAB6A4S CD<-

K<A4 ;4>?RK49FES 6 GIG8L9A<< >46<F4J<BAAOI 
I4D4>F9D<EF<>. #D< GEF4AB6>9 ��' A4 6IB89 6 
A4EBE A9<;59:A4 CBF9DS 846?9A<S <;-;4 CBF9DP 
FD9A<S A4 CB69DIABEFSI ��' < C489A<9 846?9A<S 
A4 6IB8AOI >DB@>4I ?BC4FB>, AB, >B784 ��' D97G-
?<DGRFES A4 BFD<J4F9?PAO= G7B?, ?BC4F>< EB;84RF 
BFD<J4F9?PAGR B>DG:AGR E>BDBEFP < G69?<K<64RF 
A4CBD A4EBE4.
&4> >4> BE96O9 A4EBEO K4EFB <ECB?P;GRFES 6 >4-

K9EF69 CB8CBDAOI <?< 5GEF9DAOI A4EBEB6 < <@9RF 
6OEB>GR 69?<K<AG >46<F4J<BAAB7B >BQHH<J<9AF4 
5OEFDBIB8ABEF< %>D, A9;A4K<F9?PAB9 GIG8L9A<9 
4AF<>46<F4J<BAAOI >4K9EF6 (9E?< QFB CB;6B?S9F 
FD95G9@O= >46<F4J<BAAO= ;4C4E) A9 CB6?<S9F A4 
A4CBD BEAB6AB7B 86<74F9?PAB7B A4EBE4. �;69EFAB, 
KFB G BE96OI A4EBEB6 C9D<H9D<=AO9 E9K9A<S D45B-
K97B >B?9E4 S6?SRFES A4<5B?99 A4CBDAO@<, <EIB8S 
<; QFB7B 6B;@B:A4 GEF4AB6>4 6IB8AB= ?BC4FBKAB= 

D9L9F>< FB?P>B A4 C9D<H9D<=AOI E9K9A<SI, 6A9L-

A<= 6<8 F4>B7B ��' CD98EF46?9A A4 D<E. 7. #BQFB@G 
6 D45BF4I [14, 21] CDB6989AB Q>EC9D<@9AF4?PAB9 <E-
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E?98B64A<9 ��' E D4;?<KAB= 7GEFBFB= ?BC4FBKAB= 

D9L9F><.

!4 D<E. 8 CD98EF46?9AO CB?GK9AAO9 Q>EC9D<-

@9AF4?PAO9 A4CBDAO9 < CB?AB7B �#� I4D4>F9D<-

EF<>< <; >BFBDOI 6<8AB, KFB CD< GEF4AB6>9 ��'
6 ;BA9 ;4C484A<S A4 ?B>4?PAB@ GK4EF>9 ;A4K<F9?PAB 
G69?<K<649FES A4CBD A4EBE4, AB A4CBDA4S I4D4>-

F9D<EF<>4 CD<B5D9F49F 8BCB?A<F9?PAGR A9D46AB-
@9DABEFP 6 6<89 86GI GK4EF>B6 EA<:9A<S A4CBD4. 
ЭF< GK4EF>< A4K<A4RFES CD< D4;AB= 69?<K<A9 Q/n

6 ;46<E<@BEF< BF >B?<K9EF64 ?BC4FB> (7GEFBFO) 

��'.

�BCB?A<F9?PA4S A9D46AB@9DABEFP A4CBDAB= 

I4D4>F9D<EF<>< CD<6B8<F > G69?<K9A<R A9D45B-

K97B GK4EF>4, KFB A4>?48O649F 8BCB?A<F9?PAO9 
B7D4A<K9A<S CD< @AB7BD9:<@AB@ <ECB?P;B64A<< 

A4EBE4. '69?<K9A<9 >B?<K9EF64 ?BC4FB> (7GEFBFO) 

��' E@9M49F ?B>4?PAGR ;BAG G69?<K9A<S A4CB-

D4 A4EBE4 6CD46B CB I4D4>F9D<EF<>9, A4 5B?PL<9 
D4EIB8O. �46<F4J<BAAO9 <EE?98B64A<S 6 D45BF9 
[14] CB>4;O64RF, KFB GEF4AB6>4 ��' < G69?<K9A<9 
>B?<K9EF64 97B ?BC4FB> 6989F > EGM9EF69AAB@G 
GIG8L9A<R 4AF<>46<F4J<BAAOI >4K9EF6 A4EB-

$<E. 8. !4CBDAO9 < �#� I4D4>F9D<EF<>< BE96B7B
              A4EBE4 E ��' CD< D4;?<KAB= 7GEFBF9 [14]

$<E. 7. ЭE><; < EI9@4 D4ECB?B:9A<S ��'

E4. !4 D<E. 9 CD98EF46?9AO Q>EC9D9@9AF4?PAO9 
;46<E<@BEF< 69?<K<AO C>D BF Q/n CD< p6I = const

6 ED46A9A<<. %FB<F BF@9F<FP, KFB GIG8L9A<9 4AF<-

>46<F4J<BAAOI >4K9EF6 A4EBE4 6 ;BA9 ;4C484A<S 
A4CBDAB= I4D4>F9D<EF<>< >BDD9?<DG9F E G69?<K9-
A<9@ A4CBD4 A4EBE4 CD< GEF4AB6>9 D4;?<KAOI ��' 

< BCF<@4?PAB7B !D' (E G69?<K9A<9@ A4CBD4 6 ;BA9 
;4C484A<S I4D4>F9D<EF<>< GIG8L4RFES 4AF<>46<-

F4J<BAAO9 >4K9EF64 A4EBE4).

'EF4AB6>4 ��' 4A4?B7<KAB !D' G@9APL49F 69-
?<K<AG B5D4FAOI FB>B6 A4 6IB89, KFB CD< CB@BM< 

K<E?9AAB7B @B89?<DB64A<S CB>4;4AB 6 D45BF9 [21]. 

$BEF 69?<K<AO C9D9C484 6 ;BA9 ;4C484A<S A4CBD-
AB= I4D4>F9D<EF<>< EBCDB6B:849FES G69?<K9A<9@ 

@BMABEF< A4EBE4, <;@9A9A<9 >BFBDB=, 6 E6BR 

BK9D98P, CDB<EIB8<F <;-;4 6?<SA<S !D' < ��' A4 
69?<K<AG < <AF9AE<6ABEFP B5D4FAOI FB>B6, 4 F4>:9 
;4 EK9F G69?<K9A<S @B@9AF4 E<? FD9A<S B5D4FAOI 
FB>B6  FD, CD< GEF4AB6>9 D4;?<KAOI !D' <?< ��' 

6B 6IB8AB@ C4FDG5>9 [21]. '@9APL9A<9 69?<K<AO 

;4>DGF>< B5D4FAOI FB>B6 A4 6IB89 CD<6B8<F > 

G@9APL9A<R <I <AF9AE<6ABEF< < G69?<K9A<R A4-
CBD4 BE96B7B >B?9E4, 4 6B;A<>AB69A<9 >46<F4J<< 6 
B5D4FAOI FB>4I F4>:9 G@9APL49F <I <AF9AE<6ABEFP 
<, E?98B64F9?PAB, >46<F4J<BAAO9 S6?9A<S 8B?:AO 

CD<6B8<FP > CB6OL9A<R A4CBD4 [23].

ВO6>8O
� EF4FP9 CD<6989AO D9>B@9A84J<< B 6B;@B:-

ABEF< CD<@9A9A<S 6IB8AOI ?BC4FBKAOI < A48DB-
FBDAOI GEFDB=EF6 8?S G69?<K9A<S A4CBD4 BE96B7B 
A4EBE4 6 ;BA9 ;4C484A<S A4CBDAB= I4D4>F9D<EF<><. 

�EIB8S <; CDB6989AAB7B <EE?98B64A<S @B:AB 
E89?4FP 6O6B8, KFB 8?S @AB7BD9:<@AB7B <ECB?P;B-
64A<S A4EBEB6 CD98CBKF<F9?PA99 <ECB?P;B64FP A48-
DBFBDAO9 GEFDB=EF64 E BE96O@< <?< A4>?BAAO@< 

CDBFBK>4@<. "A< CB;6B?SRF CB?ABEFPR ?<>6<8<-

DB64FP ;4C484A<9 A4CBDAB= I4D4>F9D<EF<>< BE9-
6B7B A4EBE4, KFB 6 E6BR BK9D98P GCDBM49F E<EF9@G 
GCD46?9A<S 86<74F9?S ?9F4F9?PAB7B 4CC4D4F4. &4> 

$<E. 9. �46<F4J<BAAO9 I4D4>F9D<EF<>< A4EBE4
              E BCF<@4?PAO@ !D' < D4;?<KAO@< ��'
              CD< p6I = const
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:9 6 BF?<K<9 BF 6IB8AOI ?BC4FBKAOI GEFDB=EF6, 
A48DBFBDAO9 GEFDB=EF64 5B?99 CDBEFO 6 <;7BFB6-
?9A<< < CB;6B?SRF 59; >4D8<A4?PAOI <;@9A9A<= 

>BAEFDG>J<< A4EBE4 8BEF<7AGFP FD95G9@OI ;A4K9-
A<= A4CBD4.
#D<@9A9A<9 6IB8AOI ?BC4FBKAOI GEFDB=EF6 

6B;@B:AB CD< A9B5IB8<@BEF< G69?<K<FP A4CBD 
BE96B7B A4EBE4 6 ?B>4?PAB= ;BA9, 9E?< QFB CB;6B?S9F 
FD95G9@O= >46<F4J<BAAO= ;4C4E. �4DP<DB64A<9 
F4>B7B >BAEFDG>F<6AB7B C4D4@9FD4, >4> 7GEFBF4 
(>B?<K9EF6B ?BC4FB> ��') CB;6B?S9F E@9M4FP ?B-

>4?PAGR ;BAG G69?<K9A<S A4CBD4 A4EBE4, KFB 849F 
6B;@B:ABEFP GCD46?SFP A4CBDAB= I4D4>F9D<EF<>B=.

#D<6989AAO9 6 EF4FP9 CD4>F<K9E><9 D9>B@9A84-
J<< CB CDB9>F<DB64A<R A48DBFBDAOI GEFDB=EF6, 
>BDD9?<DGRF E D9;G?PF4F4@< <EE?98B64A<= ;4-
DG59:AOI 46FBDB6 [15, 16], 789 G69?<K9A<9 8?<AO 

BE96B= CDBFBK>< ECBEB5EF6G9F G69?<K9A<R A4CBD4 
A4EBE4 6 ;BA9 ;4C484A<S A4CBDAB= I4D4>F9D<EF<>< 

BE96B7B A4EBE4.
%FB<F BF@9F<FP, KFB ��' < !$' @B7GF 5OFP 

<ECB?P;B64AO A9 FB?P>B 6 46<4J<BAAB= < >BE@<-

K9E>B= CDB@OL?9AABEF<, AB < 6 8DG7<I B5?4EFSI.
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