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Computer analysis of the stress-strain state of the
centrifugal pump impeller

Memoto cmammi e pospaxyHok HanpysKeHo-0ehopmosarozo cmaHy pobouozo Koseca 8i0ueHmpo8o20 HACOCA 3 YPAXYS8AHHSIM HA-
msiey, 8i0UeHmMpo8ol CUNU | NOMOKY PIOUHU MA UUCESILHO OUITHUMU 8NIUS NOMOKY PIOUHU HA HANPY2KEeHO-0edhopmosaHuil cmaH pobouozo
KoJeca.

[ns docsizHeHHst nocmagieHoi memu 6yJio nocmagieHo 08t 3adaui: 1) pospaxyeamu nomik piouHU 8 pobouux uacmuHax pobouozo
Kosleca Hacoca ma 8USHAUUMuU nose mucky 3a oonomozoro ANSYS; 2) pospaxysamu HanpyskeHo-0egpopmosaHuii cmaH pobouozo Kosieca
3 YpaxyeaHHsm Hamsey, 810UeHmMpOo8oi CUNU | NOMOKY PIOUHU.

Hayrxoea HOBU3HA - BpAXYBAHHSL MUCKY, ULO0 CMBOPIOEMbCSL NOMOKOM PIOUHU NPU PO3PAXYHKY HANPYNEHO-0ehOPMO8AHO020 CIAHY
pobouoeo Kkosneca Hacoca. IIpaKkmuuHe 3HAUeHHS. NONSI2AE 8 AHANIZL HANPYIKEHO-0ehopMO8aAH020 CIMAHY poboU020 Koaeca 3 YpaxyeaH-
HAM NOMOKY PIOUHU.

3a pesynsmamamu pospaxyHKy HANPYIKEeHO-0epOPMOBAHO20 CMAHY PObOU020 KONECA HACOCA MONHA 3POOUMU 8UCHOBOK NPO
3HauUHUl 8NU8 MUcKky piouHU, KUl 8nu8ae HA onami ma OUCKU pobouozo Koseca.

Knrouoei cnoea: poboue Ko1eco Hacoca, MiyHICMsb, NOMIK piOUHU, 8I0UEHMPOBA CUNA, HANPYIKEHUT caH, 0edhopMO8aHUL CMAH,
muck, mMemoo KiHUe8uUX eslemMeHmi8, UUCENbHUU PO3PAXYHOK

Llenvio cmamobu si8asiemes pacuem HanpPsisKeHHo-0epOPMUPOBAHHO20 COCMOSIHUSL padouezo Koaeca ueHmpobesKHo20 HAcoCa ¢ yue-
mom HamsioKeHusl, UeHmMpobesKHOU CUbl U NOMOKA IKUOKOCMU U YUCTEHHO OUeHUMb 8AUSIHUE NOMOKA HKUOKOCMU HA HANPSIIKEHHO-
degpopmuposarHoe cocmosiHue pabouezo Koseca.

[ns docmuskeHust nocmasieHHol yeau bbliu nocmasaeHsl 0ge 3adauu. 1) paccuumams nomok sKuokocmu 8 pabouux uacmsix
pabouezo Koseca Hacoca U onpedesaums noJse oasneHust ¢ nomowwto ANSYS; 2) paccuumame HanpsikeHHOo-0egpOpMUpo8aHHoe coCmo-
sHUe pabouezo Koeca ¢ Yyuemom HaAmsHKeHUs,, UeHmpobeskHOU CUMbL U NOMOKA HKUOKOCMU.

HayuHnas HosU3HA - yuem 0asaeHuUsl, c030a8aemoz0 NOMOKOM HKUOKOCMU npu pacueme HanpsiskeHHO-0ehopMUPOBAHHO20 COCMO-
sHUsL pabouezo Koseca Hacoca. [Ipakmuueckoe 3HaUeHue CoOCmoum 8 aHAAuU3e HaNPSIHKeHHO-0ePOPMUPOBAHHO20 COCMOSIHUSL pabouezo
KoJleca ¢ yuemom nomoKa HKUOKoCmu.

Ilo pesynemamam pacuema HaANPsIIKEHHO-0epOPMUPOBAHHO20 COCMOSIHUSL pabouezo KoAeca HACOCA MOAHO cOenams 86800 0 3HA-
YUMENLHOM BAUSTHUU 0ABNEHUSL IKUOKOCMU, KKOMOPOe 8AUslem HA LONAmKU U OUCKU padouezo KoLeca.

Knroueesle cnoea: pabouee Ko1eco HACOCA, NPOUHOCMb, NOMOK JKUOKOCMU, UeHMpPobesKHAsL CUNA, HANPSIKeHHOe COCMOsHUe,
dechopmuposarHoe cocmosiHue, 0asieHue, mMemoo KOHEUHbLX 21eMeHMOo8, UUCAeHHbLU pacuem

The aim of the article is to calculate the stress-stain state of the centrifugal pump impeller with the tightness, centrifugal force and
liquid flow and to evaluate numerically the effect of the liquid flow in the stress-strain state of the impeller.

To reach the aim two problems were stated: 1) to calculate the liquid flow in the running parts of the pump impeller and to
determine the pressure field by means of ANSYS, 2) to calculate the stress-strain state of impeller taking into account the tightness,
centrifugal force and liquid flow.

Scientific novelty is the incorporation of the pressure that is created by the liquid flow in the calculation of stress-strain state of
the pump impeller. Practical value is analysis the impeller strength taking into account the liquid flow.

By results of calculation of the stress-strain state of the pump impeller it is possible to draw a conclusion on significant influence
of liquid pressure which affects blades and disks of the impeller.

Key words: pump impeller, strength, liquid flow, centrifugal force, stress state, strain state, pressure, finite element method,
numerical calculation

1. Research problem definition culation the following parameters of the pump are selected:

The pump impellers are the high-loaded details, often  excessive pressure of liquid on an input in the impeller of
working for a long time. At the same time the impellers are  the pump of 17 MPa, the mass flow through a stage of 25
the most critical parts of machines and saving their kg/s, the mass flow through multistage of 1 kg/s, operat-
strength should be provided with complete reliability. All  ing frequency of rotation 3000 rpm. As the transferred lig-
this is defined by special difficulties
and responsibilities of the pump impel-
lers strength calculating.

Two problems were stated: 1) to
calculate the liquid flow in the running
parts of the pump impeller and to de-
termine the pressure field by means of
ANSYS, 2) to calculate the stress-strain
state of impeller taking into account
the tightness, centrifugal force and lig-
uid flow.

As object of the research the im-
peller of the centrifugal section pump is b) c)
presented in Fig. 1. Fig. 1. 3D impeller model and loads acting on it:

For an example of numerical cal- a) fluid pressure; b) centrifugal forces; c) preliminary tightness
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uid the water was used (p=1000 kg/m3). Preliminary ten-
sion of the impeller on a shaft was accepted by 0.04 mm.

2. Analysis of recent research and publications

Modern centrifugal pumps and compressors which
working parameters constantly grow and can be estimated
in tens of thousands of revolutions per minute and pres-
sure up to 50 MPa, are exposed to a number of essential
loadings.

One of the most loaded and responsible details of the
centrifugal pump is the impeller which is exposed to the
considerable static and dynamic loads. Centrifugal forces,
forces of preliminary tension and pressure force refer to
static loads. The loadings arising because of instability of
the flow of transferred liquid refer to dynamic loads.

Due to growth of working parameters of pumps and
compressors there is a need to consider the connection be-
tween the strength and hydrodynamic calculations.

It is necessary to emphasize that a current in flowing
part both of a step, and separately of the impeller has a
difficult character. Therefore for studying of similar cur-
rents the methods of numerical modeling are more and
more widely used.

In work [1] the method is described and the results of
calculations of the opened and closed wheels of centrifugal
machines in elastic and elasto-plastic areas under the in-
fluence of centrifugal forces are given. The tension of the
impeller was supposed to be axisymmetric what is justified
for impellers with number of blades more than 12. The im-
peller was conditionally segmented into disk and hub
parts. The round three-layer plate or a flat cover with elas-
tic filling was model of disks with blades. At the same time
for deformations of the bearing spheres Kirchhoff-Lyava's
hypothesis, and for a middle layer (blades) — a hypothesis
of shift deformation distribution, uniform on width, is fair.
The ring or an isotropic disk was a model of hub part of a
impeller. The main equations are received by a variation
method, and their decision is consolidated to the solution
of the integrated equations.

The finite-element method [2] is more effective and
universal. The impeller is modelled by a set of terminal el-
ements, the assumption of an axisymmetry of its tension
isn't necessary. Loadings from centrifugal forces, pressure
forces, etc. are easily applied.

In this operation for creation of three-dimensional
(3D) models of the impeller and flowing part the software
product of SolidWorks was used. For calculation of param-
eters of a current of liquid and the stress-strain state of the
impeller the program ANSYS CFX and ANSYS Mechanical
complexes respectively were used.

3. The aim of the article

The aim of the article is to calculate the stress-stain
state of the centrifugal pump impeller with the tightness,
centrifugal force and liquid flow and to evaluate numeri-
cally the effect of the liquid flow in the stress-strain state
of the impeller.

4. The solution of the task on the flow of liquid in
flowing part of the impeller

For carrying out a numerical research of distribution
of liquid pressure in flowing part of the impeller the soft-
ware product of ANSYS CFX was used.

In a basis of this software product the method of the
numerical solution of fundamental laws of hydromechan-
ics is put [3]: motion equations of viscous liquid together
with a continuity equation. It is a sufficient condition of
validity of application of results of numerical research. The
current in flowing parts of hydromachines, as a rule, is tur-
bulent. Simulation of terbulent flows was executed with
use of the equations of Reynolds (1) and a continuity equa-

tion (2):
D (e Yo o
% (p”i)"' axj (p“i“j)"’ axj (P“i ”j)
_ 1
oP 0 ou, Ou; : )
=——t—|u =+ |+ /;
dx; o, dx; Iy,
dp 9
L4 = (pu,)=0 2
or o, ) &

where: p - density of liquid, x;, x; - coordinates, P - pres-

J
sure, u, u,, u; - values of speeds, average on time, i, ,

i, , it - the pulsation components of speeds.

Density liquids is accepted by a constant. Currents
in the rotating working organs of hydromachines are con-
sidered in the relative frame of reference. The member of f;
in the right part of the equations (1) expresses action of
centrifugal and Coriolis forces:

f=—p@xii +@x(@xF)) 3)

where: @ - angular speed of rotation, r - the radius vector
which module is equal to distance from this point to a spin
axis.

As boundary conditions, the condition of "adhesion"
on solid walls (speed equals to zero), distribution of all com-
ponents of speed in input section and equality of the zero
first derivatives (in the direction of a current) component
speeds in the initial section is set.

According to a hypothesis of Bussinesk, members
with speed pulsations in the equation (1) are connected
with average streaming parameters by the following ratio:
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where: u, - coefficient of turbulent viscosity, & =0.5(17/z7//.) =
kinetic energy of turbulence, J, =1 in case of i=j, J; =0 in

case of i #j.

For closing of the equations of Reynolds in ANSYS
CFX a row of models of turbulence is used. The complete
list of opportunities of this software product put in it math-
ematical apparatus and basic models of hydrodynamics
can be found in documentation on this software prod-
uct [4].

Calculation of a current was carried in stationary set-
ting.

The work fluid (water under normal conditions) was
supposed to be incompressible, the flow model — turbulent.
For closing of the equations of Reynolds standard k-¢ tur-
bulence model was used.

When carrying out numerical research the assump-
tion was accepted that the flow on an input to the esti-
mated area is axisymmetric.

The algorithm of the solution of the task on a flow of
liquid assumes the following stages: determination of the
main assumptions (analysis type selection, turbulence
model choice), preprocessing (creation of geometrical
model, creation of an estimated finite and element grid, en-
ter of properties of materials, enter of boundary conditions,
choice of calculated parameters), calculation, postpro-
cessing (viewing of results, check of reliability of the deci-
sion).

At the first stage of preparation of liquid three-dimen-
sional geometrical model which implementation was car-
ried out in a software product of SOLIDWORKS geometrical
models which imitated liquid volume in channels of flowing



part and the impeller were cre-
ated, value of gaps made 3 mm,
value of a gap in slit-type mul-
tiplexing made 0.5 mm (Fig. 2).

After creation of liquid
models the estimated grid
(Fig. 3) with use for its creation
of the generator of grids of
ICEM CFD was created. It al-
lows to regulate compulsorily
density of a grid, condensing it
in necessary places (for exam-
ple, on input and output edges
of blades) and integrating it
where high density of a grid is-
n't required. Such approach al-
lows to save the computers re-
sources and to receive suffi-
cient density of a grid in the re-
searched part of the estimated
area.

As boundary conditions the total pressure on
an input in the impeller and the mass expenditure
on an output from the impeller and on an output
from slit-type multiplexing, rotation at operating
rate 3000 RPM and an adhesion condition on all
walls was set.

Viewing, processing and the analysis of results
was executed by means of a software of CFX-Post
which has ample opportunities on visualization and
an assessment of characteristics of the calculated
current. The total of numerical calculation was ob-
taining the instantaneous values of speeds and
pressure in each cell of an estimated grid.

5. The solution of the task on the stress-
strain state of the impeller of the centrifugal
pump

For carrying out numerical research the stress-
strain state of the impeller of the centrifugal pump
the software product of ANSYS Mechanical was
used. In a basis of this software product the finite-element
method is put.

Carrying out numerical modeling within this research
consisted of several stages: determination of the main as-
sumptions (analysis type selection, choice of contact
model, type selection of elements), preprocessing (trans-
mission of geometrical model, setting of properties of ma-
terials, generation of a grid, loading and fixing of construc-
tion, choice of calculated parameters), calculation, post-

mass flow at
the impeller
Y outlet 25 kg/s

| mass flow through
il the gap seal 1 kg/s
pressure at 1
the impeller

inlet 17 MPa

Fig. 4. The boundary conditions in the
Sluid flow calculation

Fig. 2. Gaps in the flowing part between the impeller and the housing
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Fig. 3. Gaps in the flowing part between the impeller and

the housing

processing (viewing of results, check of reliability of the de-
cision).

The shaft and the impeller are made of steel. Physi-
comechanical characteristics of material: the boundary of
the fluidity of 400 MPa, elastic modulus is 210000 MPa,
density is 7800 kg/m3, Poisson coefficient is 0.3.

The grid which consists of 800000 prismatic elements
was constructed, the characteristic size of an element is
2.5 mm (Fig. 5).
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Fig. 5. Calculated mesh for impeller
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e) f)
Fig. 6. Distribution of pressure flowing part of the impeller:
a) inner side of the coating disc; b) inner side of the main disc;
¢) inner side of the blade; d) outer side of the coating disc;
e) outer side of the main disc; f) outer side of the blade
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Fig. 8. Equivalent stress in the impeller:

a) accounting preliminary tightness; b) accounting preliminary tightness
and centrifugal forces; c) accounting preliminary tightness, centrifugal
forces and fluid pressure

At the first stage of the decision only pre-
liminary tension was considered. At the second
stage action of centrifugal forces by means of
the rotational velocity function was added and
rotating speed 3000 rpm was set. At the third
stage the field of pressure which beforehand
was received in the solution of the task on a
current of liquid was imported. One end of a
shaft was fixed.

6. Results of calculations and their
analysis

The received results of distribution of
pressure in flowing part of the impeller are pro-
vided in Fig. 6. Minimum pressure makes 17
MPa and is near an input in the impeller, max-
imum pressure of 18 MPa is on an output from
the impeller.

Results of calculations have showed that
the most dangerous are two places: on a con-
tact surface of the impeller with shaft and on a
blade edge on an input in the impeller (Fig. 7).
The equivalent stress was determined by the
fourth (energetic) failure theory.

Fig. 7. Potentially dangerous places in
the pump impeller

In Figs. 8, 9 the equivalent stress and
deformations in the impeller are shown. Max-
imum stress makes 161.5 MPa and is caused
by preliminary tension of the impeller on a
shaft. It is necessary to mark that influence
of centrifugal forces in this case is not signif-
icant, however, when calculating a rather
small rotating speed of 3000 rpm was set. In
case of the accounting of pressure created by
a liquid flow in flowing parts the new poten-
tially dangerous place on a joint of a blade
and the main disc at an input of the impeller
appears. Stress significantly increases in this
place and in this case is equal to 104.7 MPa.

In the analysis of deformations of the im-
peller it is visible that the accounting of liquid
pressures leads to essential increase in defor-
mations on an output from the impeller. In
Fig. 9 the deformations of the impeller with a
scale of deformation 1000:1 are shown, that
is relocation were increased by 1000 times, at
the same time the sizes of the impeller didn't



possible to draw a conclusion on sig-
nificant influence of liquid pressure
which affects blades and disks of the
impeller. The results are also the ev-
idence of a potential danger of de-
struction and of need of more de-
tailed further theoretical and experi-
mental study of stress distribution
and margins of safety in the impeller
of the centrifugal machine.

As a result of the calculation
pressure distribution on all surfaces
of the impeller was determined. After
summation of forces acting on the
surface of the impeller, axial force
can be calculated. Calculation of ax-
ial forces is an important task for the
a) b) 0) selection thrust bearing or hydraulic

[ I I | 1 balancing device.
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CraHuuA a30THaA MeMbpaHHaA BUHTOBanA nepeaBuM»XHaa AMBI-25/0,7

UHHNHUPUHIOBbIN
MPOEKT

MH)-I-(MHVIpVIHFOBble NMPOEeKThbl N pa3p360THM rno co3iaHnio HOBbIX 3¢¢EKTMBHI3IX TEXHOJIOrWIA N METO0B npegynpexaoeHus,
NoKanusauun 1 MMKBMAAL NN NoCceACcTBUN rNMOXapoB B NOPHbIX Bblpa60THaX, obecrieyeHUa besonacHoOCTN Be4eHUA FOPHbIX pa60T.

ne _ .. PP cciiici. PP £z _— U
voopyHOBaHe CraHuviv OoelnevviBaer paolry Cradunin B ABYX pPerrMax: 310

* MPOU3BOAUTEJIBHOCTDL MO 25 HM3/MUH  BbipaboTka rasoobpasHoro asoTa 3afaHHbIX MapameTpos M MOArOTOBEHHOrO

ra3006pa3|-|omy a3oTy (ouMLeHHOro 0T MexaHM4eCcKnUx MpuMecer W Macna) CHaToro Bo3Ayxa

¢ YUCTOTA no 95% npoussoauTensHocTbio 67 M3/MuH nasnennem 1,0 MMa. Metoq rasopasneneHua —
MeMOpaHHbINA.

* AlaBJieHne HarHetaHuA 0:7 MMa CTaHuMA npefHasHaueHa ONA 3KCr/lyaTauuMy Kak Ha LuacCu TPaHCropTHOro

cpencrtea (I'IOJ'IyI'IpVILIerI-KOHTeVIHepOBOB, npwu,en), TaK U B CTaLlMIOHApPHOM MOJT0XKEeHUN.
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