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THE STRESS-STRAIN STATE DETERMINATION OF A CEN-

TRIFUGAL TURBOMACHINE WHEEL

Mertoro poOoTH € aHaNITUYHE BU3HAYEHHS HaNpy>KeHO-Ae()OpPMOBAHOIO CTaHYy
KoJieca IEHTPOODKHOI TypOoMamuHu. Po3paxyHku Ha MIIHICTh €JIEMEHTIB
€HEepreTUYHOro Oo0JaJAHaHHA Oynu po3misiHyTi y pobortax [1-3]. Pospaxynky
po60OYOro KoJeca Ik KOHCTPYKTHBHO OPTOTPOITHOTO JTUCKA MPHUCBSIUEHO POOOTH [4,
5]. 3amauy pospaxynky HJIC poGouoro komeca MOXHa 3BECTH 10 PIIICHHS
IudepeHLiaTbHOTO PIBHIHHS, SIKE BUpa)kae YMOBHU PIBHOBAru eJeMeHTa pobo4oro
Komeca. Y poOOTI MpEACTaBIEHO AaHAJNITHYHE BHU3HAYEHHS HAIPYKEHO
ne(OopMOBAHOIO CTaHY KoJjieca HEHTPOODKHOI TypOoMamuHHU. byno po3risHyTo
nBi mopeni. Ilig dYac po3paxyHKy y Hepiinii  Mojeni KoJeco BBaXaloCh
OpPTOTPOIIHUM JIMCKOM, B 1HIIIH — HE BpPaxoByBaJlach >KOPCTKICTh JIOMATOK, SIKi
PO3IIISLIANKCE SIK TTpHegHaHa Maca. OTpuMaHi GOpMyIH MOXKYTh OYyTH KOPUCHUMHU
JUIS IPOEKTYBAJIBHUKIB Y Taly31 eHepreTHYHOro MaliMHOOY/yBaHHS.

L[CJ'IB pa6 OThI — AHAJTIUTUYCCKOC OIIpCACIICHUC HaIPs?>KCHHO-
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ne(GOopMUPOBAHHOTO COCTOSIHUS KOjeca LIEHTPOoOekKHOH TypOomamuHbl. Pacders
Ha MPOYHOCTH 3JIEMEHTOB YHEPreTUYECKOTr0 000PYI0BaHMs ObLTH PacCMOTPEHBI B
paborax [1-3]. Pacueram pabodero kojeca Kak KOHCTPYKTHBHO OPTOTPOITHOTO
JIMCKa TOCBAIIEHBI padboThl [4, 5]. 3amauy pacuera HIC pabodero xoseca MOXKHO
CBECTH K pemeHHIo Iup(HepeHInalbHOr0 YPaBHEHHSI, KOTOPOE BHIPAXKACT YCIOBHS
paBHOBecHsl eMeHTa padouero koseca. B pabote nmpeacTaBieHO aHATUTHYECKOE
oIpeJiesIeHUe HAMPSHKEHHO 1e(hOPMUPOBAHHOTO COCTOSHUS KOJIeca IEHTPOOESKHOM
TypOomamuHbl. beumu paccmotpensl aBe Monenu. [Ipu pacuere B mepBoii Monenu
KOJIECO CUUTAJIOCh OPTOTPOIHBIMU JTUCKOM, B JPYrOHM —HE YYHUTHIBAIACH KECT-
KOCTh JIONATOK, KOTOphIE paccMaTpUBAIUCh KaK IpucoeauHeHHas macca. [lomy-
YeHHBbIE (OPMYJIBI MOTYT OBITH TOJIE3HBIMH JJISI MPOEKTUPOBIIMKOB B OOJIACTH
SHEPreTHYECKOr0 MAIIMHOCTPOCHHS.

Foreword

The purpose of the work is to determine the stress-strain state of the cen-

trifugal turbomachine wheel, in which, when we made calculating in one case,
the wheel was considered as constructively orthotropic disk, in the other case we
didn’t took into account the stiffness of the blades, which were considered as the
joining mass. Calculations of elements of power equipment were also examined
in works [1-3].

The calculation of working wheel as a constructively orthotropic disk was
investigated in the works [4, 5]. The problem is reduced to the solution of the
boundary integral equation in relation to the intensity of radial effort in these
works.

Formulation and solution of the problem

The calculation of working wheel can be reduced to a solution of the dif-
ferential equation, which expresses the equilibrium conditions of the wheel ele-
ment (1).

dn, 1 -
t—=(N,—N_ )+oTrph, =0, 1
ar r( o~ N;) PNy (1)
where N, is the intensity of radial efforts;

N, is the intensity of circular efforts;

zF(r)}

(2)

_ol1
P p{ " nrh,

where p is the disk material and blade material density.

Blade section area of the cylindrical surface of the radius r we find by the
formula:

F(r)=—"2>, (3)
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where §, — is the middle blade toning.
N, and N, expression for a constructively orthotropic disk have the form

) ZF(r
N, = Eh"z(d—u+ugj+ E, (d—u0032¢+251n2¢) (" )COS ®;
1-p“\dr " r dr r

Tr @
Eh, (u duj (du 2 U, jZF( )

N, = >l —+ +E, | —cos"@+—sIn“ o sin®¢,
1-p°\r dr dr r Tr

where u is the radial displacement; ¢ and ¢, are the disk element defor-
mation (5).

du u
€ =—,8 =— 5
r dr 0 r ( )
The reduced elastic modulus of the blade material is
E

2(1 F(r) .

1+ (1+n)z (r)smchcosch

nrh,

Substituting expressions (4) into equation (1) and denoting
_2(1+n)zF(r)

- nih,

E.’Z =

sin® pcos® ¢;

a,=(1-p")a; a,= proal (6)

let us give the equation (1) to the form

d?u du
d2+p( )E+q( Ju=f(r). (7)

Where are

(8)
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f(r)=k——%
a 4
cos* ¢

a+r
The boundary conditions can be written in the form
agU, (R ) +auu,(R)=A
BOUZ(RZ)+B1UZ(R2):
Conditions (9) we’re obtained by examining the free parts of the hub
(r=R,) and disk (r =R, ), and coupling the drive with hub (r =R,):
1.r=R,, N,=0;
r=R, u=u,
3.r=R, N,=N_;
4.r=R,, N, =0.
Here are the indexes 1 and 2 at N, and u are refer to the hub and disk re-
spectively. Intensity of radial forces in the hub is

©)

(10)

Eh du, u
N,=och = 1.
rl Gr c (dr M rj (11)
Radial displacement of hub pomts IS
2
u1:C1r+&—1 B pelr®. (12)

r
Substituting expression (12) into formula (11) and taking into account the
first condition (10), we’re obtain
1 1- ;,L
1+u)C,—(1-n)=C,= R¥(3+ 13
From the second conditlon (10) we will have

R1C1+éC2:u2(R1)+ 2R13' (14)

After substituting the expression (12) into formula (11) and taking into
account the third condition (10), as well as equation (4), we’re obtain

h h (3+p)
L - _c,- ho
Cw R e MRS
_ hIL ' uz(Rl)
—(1_“2)|:U2(R1)+},t R :|+ (15)
F ()

A(Rl) Rlcosch-{u'z(Ri)coszcw 2I;ll)sln (p}
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Using the last condition (10), we will have

h [, LR, P oo
(1_“2)|:U2(R2)+]J R }+A(R2)nR2COS [0

u,(R,)

2

(16)

x{u'z(Rz)cos%w 22/ gjn (p} =0

Where
E
A(r)=—-—.
") E (r)
Solving the equation (13) and (14) with respect to C, and C,, we’re obtain
C,=—-kb +b,u ;
1 bl 2 Z(Rl) (17)
C, =—kb, +b,u,(R)).

Where are
4

Q:1556+MR1+O 1)
8R (1+u)§f+(1 W

b2: (1_M) :
R{aw)i}m—m}

R? R (18)
(1+ M)R:Z (3+u) =2 R1 |

_1R!

b, = 8 R, R?
14 1) 0 4+ (1—
(+M)Rf+( W)

b, = (@+p)

R e ea-w

we’re obtain the values of coefficients for boundary conditions with two points
(9) after substituting expression (17) into equations (15) and (16) with farther
transformations:

Oy = o p R b, — h, 2F(r) sincos? @
Dol-pt (R T (4R A(R )R ’ 9

19
o, =— h, __2F(r) cos” ;

(1+1%) A(R)mR
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h h 3+ 22

A= ¢ b ¢ h X

CrrR T e PO

h.u ZF(r) ., ,

= sin® pcos’® @;

Po (1+u2)RZ+A(RZ)nR22 ® ®
h, zF (r)

cos’ ¢; B=0.

= +
Py 1+p*  A(R,)TR,
The tension in the disk is determined by the formulas:

R
T 1-p®dr M)

(20)
)
 1-p?r Har
and tensile stresses in the blade along its axis
du_, u_..,
=E,| —cos o+ —sin“o |. 21
O l(dl‘ ¢ . (Pj (21)

Let's consider the calculation of the working wheel without taking into
account the stiffness of the blades, which were considered as the joining mass.
In this case, the differential equation (7) takes the form

du 1du u
Syt = k(r+a), 22
dr? rdr r? (r+a,) (22)

where the term a5 takes into account the blades joining mass.
The solution of equation (22) is possible in a closed form. To do this, let's
transform the left-hand side of the equation into a form

d|1d(ur)
—|=——=|=k(r+a,). 2
dr[r dr } ( a3) (23)
We integrate the equation (23):
1 &
u=k| =r*+=r? |+Cr. 24
1ot e
Derivative radial movement is
3 2
u'=kl=r*+=a,r [+C,.
(202 2ar)ec, =
Constant C, we find from the condition on the outer edge of the disk
r=R,; N,=0. (26)

Expression for N, in this case has the form
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Eh, (du u
N =ch =—%| —+p—|.
r Gr d 1—u2(dr H rj (27)
After substitution the expression (27) in condition (26), we obtain
1., 1
—R;(3+un)+=a,R,(2+
' 1+pn

After substitution the expression for C, in expressions (24) and (25), we

calculate the value u and u’ in calculated cross-sections. We determine in the
formulas (20) the stresses in the disk by values u and u'.

Conclusions

The paper presents an analytical definition of a circular turbomachine
wheel center stress strain state. Two models were investigated. The wheel was
considered as orthotropic disc in the first model calculations, in the other one
was not taken into account the stiffness of the blades, which were considered as
joining mass. The resulting formulas may be useful for designers in the field of
power engineering.
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