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computer §irnulafion of Dynanrie tsehaviour cf a pump Rotor Assemblywith a Balcncing Disc

Nornenclature

; - diameter ratio,a=d,,/d,n,
., - mean veltlcity of liquid in clearance sr,
.,l - m€an velocity of liquid at the inlei to

clearance sr,
!_.d,,, d., ._ diameters_ as shown in Fig. l,
i_ - modulus of elasticity of the liquid]
_- - .o1o1 assembly displacement counter-foroe,;, 

- axial thrust,
j_', 

- disc vibration driving forcc,l - width of chamber I between ctearances
s, and s2,

i, - length dimensions of clearanoes as shown
in Fig.'l,

r - mas§ of the rotor assembly of the pump,
'y Pl,Pz, p3 - re§pective pressures up§tream

and downstream of.the clearan-
ces as shown in Fig 1,jJ - total drop of pressure in the balancing

device, p = po_ps

l. Introduction

ln large size rotodynamic multi§tage pump§ the axial thrust is usually takenna b,r' balancing devices which con§i;t or 
"'u"lun.ing air.'.. a balancing disco' r balancing drum (Fig. 1). Computerizea unrl}i-i.aT i.i1,oa, were developed

The paper pre§ent§ preliminary, results of computer sirnulation of dynamic bł:haviour of a multi§tage:-:ntrifugal PumP rotof assemblY with a l:alanlii* j*. in response to a §tepwi§e change of axial thrust.Time characteristics of the.di,sc veloclti".;;;i;;;cements as.well as the flowing liquid pressures andtdocities at the inlet to atial cleannce_werę;"ń-rii *..i.jiłT;#;tĘ;ass and geometric features
"f 

the rotor assemblY, The §omputarion was carrieri out using the uŃiŚiii-rir"lation program deve_'cpcd for solution of ordinary dilTerentiat .d"'iil.'

. WĄIDEMAR JĘDRAI-
iL{Ytut T€hniki cięlncj' Politechniti WanzarnkĘ (Dcparlmml of Power Machinery and ĘuiFnent, tnstituac of Th€msl Enginering, lłars.w Univśj\ily rf §qience and Tmhnoiog; '

Apt, dpz, Apl - drops of pres§ure in specific' clearances.
Api,z - drop of pre§§ure at the inlet to clea-

rance s2,
lp"- lpr-Apn,
§1, §2, §3 - widttrs of ctearances as shown in Fig..l,
t - time.

Ę .-_ volume of chamber I (Fig. l),
ą x, x - displacement, velocity and acceleration

of balancing disc,
(,,r, (,,z 

- coeflicients of pressure drops at the
inlets to clearances §, and sz,

żr - lo§§ coelficient along clearance s,]
/ _. stilfness of the balancing §y§tem,
o - density of liquid,
cłl - angular speed of the rotor a§§emory.
Index ,,0" ręlates to the steady-state coidition,
before the driving fore /F* has been d;Ń:



and implementetl in the Institute of Tlrermal Engineeńng of warsaw university of

§cience and TechnorogY oorirg the last dęcade to-provide-means of correct desigrr of

such balancing devicJs. Thesó rnethods make it] possible to. design correctly the

devices which couto operute at the rninitnum [1] or alnrost minimum energy losses,

In the last case the maximum stilfness $ : 0F*l0s, or Ę bo§t §tabilitY to an increase

in thę axial thrust F.;;; a wrong estimatioii oftrc axial thrust can be guaranteed

at the same time [2]. The cornputation§ are applicable to the steady_state operating

conditions of the pump. . , r ll:,l _^^.,i_a

The full evaluation of the design of such a balancing device would still require

the assessment or its properties ,"ńt*d to the non_steady conditions: start-up, shut_

_down or sudden changes of the pump operating parameters, This would provide

a range of sets of dimen"sions to seiect the best conliguration of the device to achieve

,n. u!r, compromise between the effrciency and operating.conditions.
""- 

ńyińrc'behaviour of balancing devices under transient operating conditions

has not been analyzed to a great extent so far. A few paperś exist which deal with

these problems in relation tó behaviour of hydrostatic thrust bearings [3] and to

the pumps [4], but they give approximate and qualitative solutions only, They pro-

vide means to 
"tur*iry 

u-system as being stable or not, but lack in dętęrmination

of the degree of stability (high, medium or low damping capacity), The solutions

published so far, wrricłrlrravJbeen developed basing on u o",y roughly simplified

pattern of pressure airrrito,ion p(r) in ths axial clear&n§e, a§sume linear relationship l

bętween the variables and the disc displacement x,

Foilowing the above, an attórnpt ńas been made to O",TT""lłlT:;r'Y"r'* 
r

axial displa§ement ;:;i;' uno otir., dynamic properties of a balancing device

which are brought to effect by a stepwir. Óhurrg" jF : F*- F*o of the axial thrust

2. Basic §ystem of Dynamic Equations

Dynamic characteristics of a traiancing device at the moment t,:0, when ttre]

driving force lF.(4-;i;;; o"io," (whicil may le..*p*T:, i,_ ::l,::dŁl:"*]
io 

""a]"uu 
ue desiriuea uy tt e following system of differential equations [5,ó]: 

]

mił*Fąo: AF.(t)

nd rs rc 1 +Ż@Ł - d 3 * -łp, : tcd,n(s 2o - x)cin

pt,t, + e{(r", * r,*Ł) : Ap - p t ł ps

nu^* ma + e! łnz ł Ap" : p t - ps_ Apl
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where:
X : §29-§2 Q)

F 6, : f,(*,z. *,, *cin, x, cinŻ) (3)

Ap" : .f ,(*2, *,, *.c;n, x, cinż) (4)

For explpnation of geometric dimensions app€aring in the above equations see

Fig. 1. In addition to x and * there are the following variable§: pre§sure pl within
;hamber I and velocities cl and cin within radial and axial clearances §1 &ild §2,

:espectively.

F;g. 'l. Geometric features oi the balancing device. Pressure distribution and pressure drops are
indicated in specific clearances 3t the moment 

' 
ś 0 {solid line) arrd t > 0 (dashed line)

The relationships (3) an,J (4) - for full development see t6] - have been received
r: n the formulae describing distribution óf pressure within the axial clearance with
;,:g wall displacing in the axiai direction [7]. To develop these relationships the
T,:e of liquid within the clearance s, with one of its walls moving in the axial
i:ection with constant velocity ;i : u is as§umed to be quasi-Śtationary.

The system of equations (ł) with damping force Fr, expressed as a complicated
r,::-linear function (3) has been found too complex for the UNISIM program uti-
l;r,_,d on a rather small PDP computer.'fhus, ręlationship (3) had to be substantially
,;:plilied by application of the partial damping coefficient b..

3. Partial Damping Coefficient

,Ąs the disc moves in the axial direction, pres§ure pl will change with resulting
;imge in pressure dtop"Ap, and hence a change in velocity c;n Lt|d,a change in
x:ssure distribution within the clearance sr. All these add up to the axial vibration
,,*rping force:

F ao : F (*) * / F r.,(x) : Fr (:i) * F2(:i) * / F6,1(x)
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Due to the very close relationship of thę variable§ a§ expre§sed by equations (1)

this force cannot be practically resolved into component F(Jt) related exclusivelY

to the disc displa<rment velocity u = :t (proper damping force} and component Fł.,(x)

ręlated eiclusively to the displacennent. Instead, there can be quite easily estimated

two approximate values: the value of component Fr{:t) of the darnping force which is

connęcied with the damping effect in the clearbnce s, arrd the value of the partial

damping coelficient lrr: pr(*.Y*. This should be done at several selected values of

u whin i : 0 and Apz: Apzg: idem (which is the case of a balancing devie without

damping clearance s, and with po : ?l: idem and Pz : idem)" This rather simple

computati§n procedure is explaineal in [6].
fhe remaining part of force Fou, which is related to compre§§ibility of the liquid

within chamber I and to reactionŚ of clearances s1 and §3, &I!d includes the ProPer
balancing force, can be then described by an approxirnate expresqion:

Fz{*r+ tFb",1x1:[anzrr,, -r,,l[r -(*)']r'e2- t) {6)

where 1 is a factor representing the effect of the pre§sure distribution p(r) within

clearań s, on the balancing force. The value of l.can be deterrriined for a Parti-
cular coŃguration of the balanclng device by calculating its static characteristic

curve s2(F_) bx, means of existing prograrns [2]. A computation procedure for an

exemplary layput is given in [6J.

4. Results of Computation

The correct performance of the balancing device in response to a stepwise driving
force AFn"u11 b" considered as a proof of its proper operation at any sńaller load
variations piactically rnet under operating conditions" Numerical simulation was

carried out [6] for the said kind of driving force with the val$es of the ratio lF.fF.o
equal to 0.05 and 0.10, since more severe changes are very rarely expected in Practice.

Figures 2 and 3 show computation results as obtained for a particular configura,

tlon oI batancĘ dęvice used in the 15Z?8 feed pump lQ: Tl5 m3/h, f{ : t820 tą
§p = \t S \§Bą( * łffi §ss\ s( (Kę (k§E§{q§§ §i6 t\l d ** 

: 320 mrą d* : 200 mrn.

1, -_ uu mm, \1 =)5§ ,n n, *, =§)-Ą §\T§, t3= 1§ nrtrr, 1,1t.al tnnn. Fot t 'o- $.

F.o : 393.2 kN, ,r" : ti.z'pń, to. : s.6 kN7pm , prc = 10,2 MPa, cro : 30,6 mls,

;#: ii.i *l..irtińa valuei (t : ó) were a§ fó,ilows, * : o x :0, /F*o _ 0.05 F.o,
-*-Tha 

computation results can be concluded as follows: f,^ ^ t:_.^_ f.,aa}ina
;i"#;i'"ilr"iiJ.r.rthe rotor assernbly dcviate sełerelyfrom a linear fuirction,

b) A new balance conditions stabilize wittrin 1 : (0.5, ...,1_.2\ l0*2 s wtlich.indi,

cate§ very fast damping'action, How€ver, the damping is milder tha_n that 1hoT,

a§:J"łtjxl#§:"unm:l'ą::;"xt?iii:treitrigt,values1"|_coe--:"]
c) Transient state is very strongl_y.influenced by dinnension h,,i"b. f,he wratn 1:I

I
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chamber I between the disc and the counterdisc (Fig. 1) con§idered a§ a mea§ure of

volume of this chamber. The voluma Yv:t{a,,'- dr') has been varięd within

(i, , 

') 
nro,where lz*o is volume of the chamber'of basic width ll : 30 mm. Zo is the

value through which the influence of the liquid compressibility on dynamic prope-
rties of the balancing device will manifest as results from the second equation
in the equation system (1). In Fig" 3, there are shown time characte$stics x(r)referred

5p

5p

4,5

4,0

?łl
{
!ro
trp
I

lp

"Ą,
lp

5

.0o2 .oo3 .oo4 .o]u, 
r§oo

Fig, 3. Elfect of the width ł of chamber l between the drsc &nd me counterdisc on tlme characteristics x14

wiih configuration of balancing device as considered in Fig. 2 and the mass of rotor assembly ąual 300 Ę
Curve 1: ł = l0 mm, curve 2: ł - 20 mm, cune J: ł = 60 mm, curve 4: ł = 30 mm

to different values of width ł. It can be clearly seen that the increase in h is followed
by an increase in the highest value x,,,u.of instantaneous displacement at the begir
ning of the response movement. At h:60 mm it is twice as large as that &t xo : AF l*c,
which would stabilize at the nerv steady-state operating conditions. This incttcaĘ
that displacements xmax may in certain cases exceed permissible values. Designe{
shoutd then avoid chambers of too big volumes l

d) The mass of rotor assembly m has no significant influence on the vibratioĘ
(Fig. 2). With the rotor mass increased by 50 per cent the amplitudes ńse by 5 to 10 pa]

cent and complete damping occurs within a little longer period. tt will then be sń|
ficient to estimate rotor assembly mass at ńe design stage within 20 to 30 per ce{
u""l]u3in.r 

results indicate [6] that length l, of the axial annulus has *urn r{
effect on the drnam.ics of the balancing dwice than it could be expected. 

I

,OO7 .OO8 ,OO9 }0



Computer Simulation of

5. Remarks and Final Conclusions

l, These computations are the first ppblished that provide quantitative description
.,' :he time characteristics in relation to all' variables of balancing system, i.e. displa-

":f:..nt, velocity and pressure.
]. The results obtained enable the estimation of such properties of balancing

;e 
,,ices as stability, degree of vibration dańping, maximum vibration amplitude and

: _:ation of transient operating condition.
,i, severe nonJinearity of transient phenomena indicates that the linearization

:" ihe motion equations, generally used in such cases, may yield solutions of insuf-
::.3nt accuracy.

.1. A test stand has been constructed in the Institute of Thermal Engineering
l-J research work commenced to verify the values of coeffrcient b, responsible
:: damping in the axial clearance. Further computer siinulations are being planned.

! l perimental tests on dynamic behaviour of rotor assembly of feed pumps used

::: ]r]0 MW or 360 MW power units are intended as well.
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Numeryczns symulacja dynamiki z€§pdu wirującego Ęompy z tarczą odciąźnjącą

streszczęnte

W pracy przedstawiono wstępne wyniki numerycznej symulacji dynamiki zespołu wirującego wielo-
stopniowej pompy odśrodkowej z tarczą odciążającą. Własności dynamiczne urządzenia oCciążającego
(rys. 1) opisuje nieliniowy układ równań różniczkowych (1). Celem uproszczenia rozwiązania równań (1)

przedstawiono siłę tłumiącą Fo, (3) w postaci (5), gdzie Fr(*) jest siłą tłumiącą drgania osiowe tylko
w szczelinie osiowej sr. współczynnik tłumienia bl: F Jill* można oszacować w przybliżeniu zgodnie

zE6,17. Pozostałą część F6o można ocenić na podstawie (6} stosując charakterystykę §tatyczną s2(Fw)

r ozw ażane go u rządzen ia.

Obliczenia numeryczne przeptowadzono dla urądzenia odciążającego pompy ząsilającej l5Z28 poó

wpływem skokowej zmiany FnlFoo: Q05 naporu o§rowego ł',. Na rysunku 2 przedstawiono krzywą x(r)

przemieszczenia w lunkcji czasu oraz inne charakterystyki czasowe urządzenia odciążającego. Maksy-
malna amplltuda wibracjr rośnie z ł (rys. 3) w wyniku sciŚliwosci przepływającej cieczy (patrz: druglc

równanie układu (1), gdzie Vr jest objętością komory I a Ą jest modułem sprężystości cieczy).

WpĘw masy zespołu wirującego rn na charakterystykę czasową nie ma wielkiego znaczella (rys. 2).

Duża nieliniowość charakierystyk czasowych wskazuje, że |inearyzacja równań (1) może w takicb

przypadkach prowadzić do rozwiązań o niewystarczającej dokładności.

flncłenrrac crrMyJrnllllfl AtlnaMtłKrt "n"ilT;rcff arperaTa H&coca c pa3rpy3o{rtlu

Perroue

B pa6ote npeAcTaBIeHbI npe.(BapilTeJlbnblę pe3y.nbraTn qrłc.nełrrrofi, cnMyJrrunn AIłHaMuKtł Bpa-

Ęaroeroc, arperaTa MuorocTynJlenqaioro rłacoca c pa3rpy3oqHblM AIłc(oM. łurraIrłrłqecxrłe cgoficrna
pa3rpy3orlHoro yc.rpofrcTBa 1puc. r) oilIłcHBaeT ge.xnlłefixar cucTeMa ErQQepeHuuanrxux yparrrexd
(l), C ueruro ynpoułeHlł, peueHlł, ypanuełufi (l) aeunQupyroqa, cnna Fo, (3) npe4crarrreHa a Qopuc
(5), rae Fr(i) rarrrercx clł,,lofi 4evmQnpyrcuefi oceBHe xo.neoaxux ToJIbxo B oc€BoM 3a3ope s2. Ko3ssn-
qNerłr gełruQłpoBaulł, bl: Ft(*llź Moxgo oqenlrTb a nprr6lrłxexuu cor.naciro c [ó, 7]. Ocralrupo
uacła F 1, Moxrło oqefiIłTt ,Ha ocaoBe (6), norrrsyecr crataqecrofi, xapaxTeplrcrrrxofi sr(F*) paccMaTpl-

BaeMoro ycrpoficrra.
tłncleuxue pacr€rr,I npoBo,łBnlłcb ,ą.ll, pa3rpy3ovrłoro ycrpoficTBa nllTaTeJlbxoro rracoca 15Zł

noA BrllfHIłeM cIcarxoo6pasrłoro fi3MeHeHHr' FnfFno:0,05 ocesoro Hanopa }',. łla prłc. 2 npeAcraa,rexl

xpgBa, x(t) nepeueurexur b {yłruurł BDeMeHrr, a TaKxe Apyrne BpeMeHHbIe xapaxTepilcTlłKu Pa3rPY,
3oqHuru ycrpoficrra. Maxcuualrnaf aMnfl[TyAa Bubpaqlru pacr§r ałrecre c Ł (puc. 3) rnnay c)KttMa-

eM@Trł nporerapuefi xlrArocT}ł (cr.ł,: aropoe ypaBHęHIre cngreMbt (l), rae /1 o6osrraraer Ńlću ravePr
I, a E" - 9To MoAyJrr, ynpyrocTlr xaA(ocTlrr.

BłtltHxe Ma@hr Bparrlarotłeroc,,poropa m Ha BpeMeHHy}o xapaxTepucTłIry He lłMefi 6oflbruero

3HaqeHH, (płc. 2),
,§ollruar rre1łxefirrogrr BpeMexnbrx xaparTepucTfir nol(a3blBa€T, qTo 

'IłH€aprraĘłs 
ypasaexui (li

Mox€T B TaKIłx cnyqarx B€cTrł t perrrennrM He1ocTaTotInofi roqrrocrrr.


