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HOI'0 IOKPBIBHOT'O JIUCKA, 10 @ = 0,9 — npu oTCyTCTBUHM IT0-
KPBIBHOT'O JIUCKA.
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Puc. 4. BnusiHue NpoOHUIIAEMOCTH JHCKA
Ha XapaKTepUCTUKU Hacoca

[NocTanoBKa NIPOHHUIIAEMBIX JICKOB Ha OTKPBITOE Pado-
Yee KOoJIeco LEHTPOOEeHKHOro Hacoca MPUBOIUT K ITOBBIIIE-
HUIO HAIlOPHOM M 3HEPreTUUeCKON XapaKTepUCTUK Hacoca.
[Ipu 3TOM KOJIECO C MPOHUI[AEMBIMH MOKPBIBHBIMU JTUCKA-
MU pa3TPyKEHO B OCEBOM HAIPaBJICHUU.
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M. V. Kraev, E. M. Kraeva

POWER PARAMETERS’IMPROVEMENTS FOR CENTRIFUGAL
PUMPS WITH ASEMI OPEN-TYPE IMPELLER

Data for power parameters’ improvement for centrifugal pumps with semi open-type impeller was acquired. It is based
on the theoretical analysis of canal flows with a semi open-type impeller in the pump side spacing and information

collected experimentally.
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E. M. Kraeva

ON CALCULATION OF MOMENT OF RESISTANCE
IN CANALS OF LOW-RATE CENTRIFUGAL PUMPS*

In our calculations we make use of the system of equations for turbulent boundary-layer pulses in projections onto the
cylindrical coordinate axes. We have performed transformations and integration of equations in the presence of accepted
assumptions on the flow core motion pattern and compared the theoretical results with the empirical data.

Keywords: moment of resistance, high-speed, low-rate, centrifugal pump.

High-speed low-rate centrifugal pumps with rotor angular

velocity ® of up to 10000 rad/s have a wide use in the turbo-

pump units of liquid-propellant engines of low traction and
aircraft energy installation. They a have wide range of

*This research is sponsored by state grant MK-1826.2008.8 and state program «Scientific Potential of Higher Institutes of Education

Development» Ne 2.1.2/802."
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operating conditions e. g. if the rotor angular velocity
®=3000+10000 rad/s, the value V/co is equal to
110”7 m* under the Reynolds number Re, >10° . The feed
decrease in such pumps parallel with rotor angular velocity
increase leads to V/w decrease below value
V/o=1-10"m".Itis arating value for closed-type impeller
rotary pumps [1]. Therefore high-speed rotary pumps with
semi open-type impeller are widely used.

For the low-rate centrifugal pumps (LCP) the moment of
resistance in the pump canal is half of the total resistance
moment in the LCP case. For this reason the problem for
determining the moment of resistance is of great importance.

In this paper we speak about the pump canal. The flow in
the canal is divided by a convention of the core and the
boundary layer; the liquid movement in the core is axisymmetrical:
flow streamlines are closed annular lines. When the liquid passes
between two coaxial cylinders [2] the circumferential velocity U
is distributed according to UR — constant. For the pump canal
this formula is done with sufficient accuracy in regimes when
the flow rates are close to optimal.

Ifwe split the solution into two parts, one of which corresponds
to the moment of resistance on the face wall of the pump
canal M, , and the other part corresponds to the moment on
the cylindrical peripheral part M, , (fig. 1). Let us pass from the
natural coordinates to the cylindrical coordinates @ = o and
v = R . Based on the accepted assumptions we suppose that
theliquid flow is axisymmetrical, hence the terms containing 6/ do.
are equal to zero; UR = C = const, the Lame coefficients for the
cylindrical coordinates H,=H, 6 =R,H, =H, =1; the
derivative of the coefficient 0H,, /0y = OH,, /OR = OR/OR =1,
the pressure derivative dp/0R = pC* /R’ .
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Fig. 1. Scheme of calculations

The equations for the spatial turbulence layer (TL) pulse
in the natural coordinates ¢ and ¥ [2;3].
We get:

3, RO(C/R)
OR C OR

+%(5*R -287) = ;0“2 ;

(3, —25, )+

%, + a5 o(C/ )+—(6’;*+62*+62—6)+
OR C OR R
Lo om0 Ty
+E(6R —26“) = —E—p?.
If we take the derivatives and perform the necessary
reductions, we modify the system (1) to a simpler form:

(1

OBur _ Toa .
OoR pU*’
05, 1 T
+—(8 +8. -8, ) =——2&. 2
OR R( ¢ R) pU?
Where the characteristic thicknesses of spatial boundary

layer are:
— momentum thickness of the longitudinal flow in the

direction o
3
u\u
5 =||1-— |—dy;
D=2 e

0
— momentum thickness of the longitudinal flow in the

lateral direction
)
. _ u\lo o
6(1}( = J‘[l_ﬁjﬁdy N

0
—momentum thickness of the cross flow in the direction R

5 2
o)
&y =|—=4dy.

Here U, o arethe velocities of the longitudinal and cross
flows within the limits of boundary-layer thickness & ; U is
the velocity in the flow core on the boundary-layer interface.

The system of differential equations (2) has seven
unknown functions in two equations. Making use of the
recommendations from [4], we reduce the number of the
unknown functions. The expression for the circumferential
component of friction stress is the same as the expression
for 2-D boundary layer:

% =0,01256(Re”) " =

=O,01256[U6“j =0,01256(C;“j .0

\% v

where v — is the liquid viscosity; p — is the liquid density;
U —is the velocity in the flow core on the BL interface. For
the radial component we havet,, =¢t,, , where € is the
tangent of the angle specifying the direction of bottom
streamlines and the wall stress. We introduce the relative
significantly positive values

1=52’;.K=5’;. _ % .H=5Z
s’ s’ RO 8

which are considered to be constant. Let us make
substitutions and take the derivatives

I 6**@+866°‘ =0,01256 Cs, ;
“ OR OR Rv

B B I
OR OR R

= —0,012568{C8“ j
Rv

-0,25

Q)
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For the velocity distribution laws in BL of longitudinal
U= (y/ES)V7 and lateral ® = 2,12E(l -’ ) , in accordance
with [3] we have H=1,28;/=0,46; L=0,8; K=2,46. After
modifying (4) we obtain the system of two differential
equations with two unknowns ¢ and 3, :

-0,25

0,46¢ %, +0,463"" o =0,01256¢ €, ;
OR OR R

%
0,832@+1,686;*§+5“ (2.28-0,8¢%) =
oR R R
=—0,012563[C6a j , (5)
Rv

where ¢ — is the tangent of angle of bottom streamline
skewness; 8, — is the momentum thickness in the
circumferential direction.

After examining the system of quasi-linear partial
differential first-order equations (5) with the aid of the
characteristics method [5] we obtain the directions of
characteristics of two families coinciding with the angles of
their incidence equal to zero. It means that the characteristic
of (5) coincides with the coordinate axis R atd/do=0.
Physically, the momentum thickness & cannot be constant,
since the static pressure p (force factor connected with
variation of pulse with elementary volume) varies along R. It
is apparent that the final relation is € = €, = const.

Numerous tests for bottom streamline visualization on
the surface of canal in wide range of regime and geometrical
parameters of LCP have shown that the value of ¢ varies
along the radius and is

2C, D,4n
ctge,,, = —————X
U,D,
D R R?
x| arccos| —=cosP,, +———-—=—||, (6)
D, 2R 2RR

obtained in the case wall facing to the impeller [3]. We have
expressed the derivatives in (5) in the explicit form:

Do _ 0703 | Lo |4 2 (2.8536 —1);
oR R R

v

§=i(32—2,853)—0’?f3 5, , (D
OR &R 1) Rv

and replaced the differential relation for ¢ and pass to the
complete differentials:

o, =0,0703¢™" LS L (2.853¢° -1). (8)
R Rv R

The system (7) can be easily integrated numerically. We
note that the initial value of 3, had been calculated with the
use of the technique from [3] in accordance with the principle
of BL closure. The results of integrating & for three different
values of C are presented in fig. 2.

Determining the resistance moment M, on the face
lateral wall of the canal:

R
M,, = [1,2nR dR,

R,

)

where 1,, — is the circumferential component of friction
stress determined from (4); R, —is the radius at the impeller
outlet; g —is the canal radius. We have modified (8) into the
form

M,, = TO,Ol256p(C/R2 )(cs: /Rv) " 2nR%dR,
R2

-0,25

R
M, =0,07892pC""V"* [ (8,7 /R) " dR.  (10)
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Fig. 2. Distribution of momentum thickness in the

circumferential direction for different values of parameter C:
2 2 2
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The expression (9) is integrated joined with the system (7).

Determining the resistance moment across the cylindrical
peripheral part of runner hub M, we assume that the value
of momentum thickness & doesn’t vary along the width
and is equal to the final value of 3, on the face wall in the
radius g . The expression for momentum of resistance on
the cylindrical peripheral wall of the canal will then be written

M, =2nR’br,,,

pw

M, =0,07892pC""\"*b (5, /R ) "7,
where b — is the canal width.

The experimental data on the resistance moment in the
pump canal and the data obtained from (7), (9), (10) coincide
with sufficient accuracy which corroborates the validity of
the accepted assumptions and the herein presented solution.

We must note that the relations (7), (9), (10) and the
solution of the system of equations [2] for liquid rotating
over the stationary base in accordance with the solid body
law represent in general the closed system of equations for
rotor (disk) rotation in closed conditions ensuring the
turbulent regime of liquid flow.
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E. M. KpaeBa

KPACYHETY MOMEHTA COITPOTUBJIEHUSA
B KAHAJIAX MAJIOPACXO/IHBIX HEHTPOBEX XHBIX HACOCOB

s pacyema ucnonv3ogana cucmema ypasHeHull UMNHYIbCO8 MYPOVIEHMHO20 NOZPAHUYHOLO CNOSL 8 NPOEKYUAX Ha
ocu yunuHopudeckux koopounam. Ilpu npunsamelx donywenusx o xapaxkmepe 08UdICeHUs 10pa NOMOKA GbINOTHEHbL Npe-
006pasosanus u nposedeHo unmezpuposanue ypasnenutl. Ilonyyennvie meopemuyeckue pe3yibmamsl CPAGHUBAIOMCS C

amnupudecCKumu.

Knroueswie crosa: momenm conpomueiernust, 6b1c01<0060p0meu?, Maflopacxodeu?, LleHmpO6€OfCHbluv Hacoc.
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0. M. Epmomikun, C. A. Opios, A. 1O. YcanoB

®OPMHUPOBAHUE PEXKUMOB MEXAHUYECKUX UCITBITAHUI
CUJIb®OHHBIX BAKOB

Paccmampusaromes sonpocvl popmuposanus pesncumos KearuGUKAYUOHHbIX 1 NPUEMOUHBIX UCHBIMAHULL CUTbQOH-
HbIX 6aK06 HA MeXaHUYecKue Haspy3KU, AHATUSUPYIOMC MemoouyecKkue OumubKuU, 8bis6lleHHble 8 Npoyecce NPoeoeHUs.

UCTBIMAHU.

Knrouessie cnosa: kocmuueckuii annapam, 6(17(, bnox XpaHeHus u nodaqu, MexanudecKue ucnblmanusl, pe3OHAaHcC.

B MOHOTOIUIMBHBIX ABUraTeIbHBIX YCTAaHOBKaxX OTede-
CTBEHHBIX KocMHUeckux anmnaparoB (KA) yxe Ha npoTsixe-
HHUH HECKOJIBKHX JIECSATKOB JIET YCIEITHO MPUMEHSIFOTCS 0J10-
ku xpanenus 1 nonaqu toruuea (bXI1) Ha ocHoBe cuitb(oH-
HbIX OakoB. J1yi1 ucnons3osanust bXIT B coctae KA HoBOrO
TIOKOJIEHUSI (C MHBIMHU YPOBHSIMH MEXaHHUYECKHUX HATPY30K)
BO3HHKJIa HEOOXOIMMOCTb MPOBECHUS €T0 JTOKBaTH(DUKa-
LU HA MeXaHUYECKUE BO3ICUCTBHUS.

O0beM Ha3eMHOW JKCIEpUMEHTAIbHOW OTPabOTKH U
MIPUEMHBIX UCTIBITaHUI o0opynoBanusi KA Ha MexaHndec-
KU€ BO3/ICHCTBYS BKIIIOUAET UCTIBITAHUS Ha JINHEHHbIE, BUO-
paloOHHBIe, yoapHbIe Bo3aencTus [1; 2]. PexxuMbl Harpy-
KEHHUsT (OPMHUPYIOTCS U3 aHAIN3a YCIOBHH IKCILUTyaTaluH
000pymOBaHUsI, €0 MacChl U MECTOIONOKeHU Ha KA.

[peanpustre-m3rorosurens bXI1 mokynaer roropbie Gaku
y JpYroro U3roTOBUTEINS, OCHAIIAET €ro JOMOIHUTEIbHBIM
obopymoBaHueM, B pe3ynsrare yero nospisercs bXIT kak
3JIEMEHT ABUTaTeNbHOM nmoacucteMsl KA.

ITpu npoBeaennu noBoaouHbIX ucnibiTannit bXI1 Ha Me-
XaHMYECKHe BO3AEHCTBHS IPOM3OIILIO Pa3pyIIeHHE CUITb(O-
HOB JIByX 0aKOB (110 BHEIITHEMY CBapHOMY IIBY rodpa). [Tpu
3TOM pa3pyllIeHUE IPOU3O0IILIO HE B OKOJIOIIOBHOM 30HE, KaK
9T0 OOBIYHO OBIBAET, €CITH IIOB KaUueCTBEHHBIH, a HENOCpe-
CTBEHHO IO MIBY, YTO yKa3bIBA€T Ha HENOCTATOYHOE Kade-
cTBO coetmHeHus. HeoOX0MMO OTMETHUTB, YTO B TAHHOH KOH-
CTPYKIIMU OaKa CBapHbBIE COSMHEHUSI SIBISIFOTCS KPUTHYEC-
KHUM 3JIEMEHTOM, OTNPEIEIISIOIIUM IPOYHOCTh BCEH KOHCT-
PYKLIUH, TaK KaK TOJNIIMHA CBApUBAEMBIX JeTajie mMaia, a

o0II1ast [UIMHA IIBOB JOCTHUTAeT COTeH MeTpoB. OIHAKO BCe
MOCTaBJICHHBIE s KoMIuiekTarwu bXI1 6aku ycremnHo mpo-
[IUTA TPUEMOYHBIE UCIIBITAHUS HA 3aBOJIE-U3TOTOBUTEIE.

JI71s1 ycTaHOBIICHHS TIPUYMHBI PAa3pyIICHUS CHIIb()OHOB
0akoB, GopMUPOBAHUS PSKUMOB KBATH(DUKAIIMOHHBIX U IIPH-
€MOYHBIX HCIBITAaHUN OBLTH MPOBENCHBI TOMOTHUTEIBLHBIC
ucnbiTanus 1Byx bXI1 Ha Mmexanuueckue Harpy3ku. Hacros-
I1ast paboTa MOCBSIICHA aHAIN3Y PE3YIBTATOB JaHHBIX UC-
TIBITAHUN U BEISIBJICHUIO BO3MO)KHBIX METOIUYECKUX OIHUOOK,
HE MO3BOJIMBIIYX BBIIBUTH Je(DEKThI U3TOTOBJICHHUS B IPOIICC-
Ce IPOBEICHUS TPUEMOYHBIX UCTIBITAHUIX OAKOB.

B nporiecce npoBeneHust HCIBITAHUN HEOOXOIUMO OBLTO
PEIIUTh KOMIUIEKC B3aMMOIOTIOMHSIIOIINX 3a/1a4:

— BBIIBUTH IPUYHHBI pa3pyIICHHs CHIb(hoHa OaKa;

— pa3paboTaTh METOAMKH ONPEICIICHUS HU3IIMX COO-
CTBCHHBIX YaCTOT CHJIb(DOHA, HAXOAAIICTOCS BHYTPH KOPITY-
ca baka;

— OLIEHUTD BIUSHUS METOJUKU MPOBEICHUS UCTILITAHUN
Ha pe3ybTaThl UCTILITAHUH;

— MOATBEPIUTD WJIH UCKIFOYUTh BIUSHUS 000PYIOBaHUS
(ocHACTKH, IPUCTIOCOOIEHHH, CUCTEMBI YIPABICHUS U T. [I.)
Ha pe3ylbTaThl UCTILITAHUM;

— YTOYHUTH PEKHUMBI KBATHU(PHUKAIUOHHBIX M IPHEMOY-
HBIX HCTIbITaHuH Oaka 1 BXTI.

HcnpiTanus BKITIOYAHU CIIEAYIONINE BUIbI BO3ICHCTBUI:

— TMOMCK PE30HAHCOB B JMama3oHe 4actoT oT 5 ' jo
2 xI'm ¢ ypoHsMHu 0,5 g U CKOPOCThIO CKAaHUPOBAHUSA
2 OKT/MMH;
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