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OLIVER FÓZY, ANDRAS SEBESTYEN

udap€st*

A Possible Model of Pump's Dynamic Work

In examination of nonstationary behaviour of pipe networks the knowledgę of the pumP's dYnamic

:ęhaviour is a crucial question. In the following an approximate simulation calculation methOd is in,
-:nrled to be introd,uced for the examination of pump iunning out, a transient workiog state important

:_-: plactice, where from the knowledge of the r moment state the characteristics of the t+lt moment

i::re can be determined.

§ymbols

ł - peripheralvelocity, p - density,
c - absolute velocity, N - number of blades,

7 - tapgential componelrt of c, - L - length of pressure tube,

/- - bladę circulation, c - medium sound velocity,

Q _ volumetric current of flow, u - flow velociiy in the pressure tuben

r.-l - angular velocity of rotor, -ćr - delivery head,
łł - relative velocity, He - theoretical delivery head,

Ą - circulation of ł, p - quantitative number,

.ł1 - profile contour area, ?n - hydraulic efficiency,

O _ inertia of rotation masses, g - Eravitatioual acceleration,

_1/ _ impeller moment,' 9w - potential gradient of circuital field,

-}r'i - disc friction drag mornent, b - rotor clisc housing gap,

_}1. - mechanical frictional moment, p - pr€ssure.

Ra - Reynolds number,

1. Introiluction ,_

In course of calóulation aimed at determining the velocity distribution developed in
straight blade cascade the węll-known procedure (published in 1969) based on the method

..f singularities [1] is used. The form of the integral equation serving the determination
,_.i the velocity distribution, with the assumption that the liquid artrives into the pump

;,ithout prerotation, is the following:

y(s) + $ K(s, s'), y(s')ds' :P(s), 0+R(s), al,
G
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O. Fiizy, A. Sebestyćn

where s,is a fixed locus coordinatę on the blade profile, s'is the running point ofintegrat-
ion, and P($, R(s) and K(s, s') functions depend only on the geometrical formation of
the rotor. In the course of solution applicaticn of the functions Q:Q(7O) anó ol:
:CI(|(t)) forms seems to be expedient.

2. The Uniqueness Condition

To ensure the uniqueness of the solution of integral equation (1) one more condition
should be specified. To define it, the time variation of the circulation.of relative speed
along a flowing off curve ,S(l) surrounding blade profiIe and changing in time is exa-
mined:

Thę Euler equation for the relative flow:

dw Ian
_ +--;-s.+(V xu)xw:O.at pd!

From thę comparison of (2) and (3):

*l $ Y-ą- §rĄ:-2.,)(t+lt),ó,wo,)

d r f /dw ów\
a9rn': ?\:a,*Y 6, )Ł§(r) s(r)

*§"G-z§eao:
§(r) s(/)

(2}

(3)

During the examination we work with given time step /t.If in moment l §(r) itself
is the blade profile, then according to Figure 1 after Zt it can be written:'

(4)

s(t+/t) §(t)

that is on the contour wxdr:a.
Decomposing the left hand side of equation (4) for the circulation of the tangential

component§ of absolute and peripheral velocities, as well as considering the fact that
in radial flow rnachines (with the appiication of the Stokes theorem):

F,: § !!dĘ:2I eq!:ża,At§(r) Al

in every moment we arrive at the lollowing equation, used as a uniqueness condition
applied for a nonstationary flow:

ru+ h)+(ya-y3) zts: I{t)+ 0}(t+ /t\.L2. A1*46/s]-2a(t). A,, (5)

Equation (5) in case of standing cascade placed into a stationary flow becomes the unique-
ness ccndition of Kuttai ll,:la
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Fig. 1 r

,3. The Kinematic Equation of the Rotor Motio

The kinematic equation of motion of the rotor:

@*:M-,r-Łou-n (6)
dt

wherę in coufsę of the running out of the pump M^or=O.In the calculation of Mpu^p

*,e start from the relation Mpu^p:M6y{,+Mł+M;r. The moment of disc friction drag

is calculated on the basis of l2l, as the examined rotors had so-called smooth discs, or
discs that can be regarded smootb, Theoretically it is possible to take into account the

disc friction drag moment appearing on the disc of the rotor of radial relief blades on the

trasis of [3]. Thus, accorcling to ?],

,P aMr(a)-C7(Re, Dr, b) 
2

The loss moment§ caused by mechanical friction have been considered on the basis

:i [4] with thę aid of thę suitably reduced relation

,,,"lęre Ckt and.C!r, are the well-known values depending qn nominal work parameters,

:L-nstant during the examination. Equation (6) is rewritten into differentia] equat-

i"-n for simulation with thę time mean va]ues of the respective tnoments taken into ac-

:;unt. Relation (7) of disc friction drag moment is linearized witlr the aid of the first two

rims of the binomial series with respect to al. The time mean value of hydraulic mo-

-=nt is calculated in the following way:

u ł<a>|c r, - (Y;'] ro" *o,

{7)

(8)

lul oru, : 
Plzn . 

Q U) . r U + l t) . (9)
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Combining equations (9), (8) and (7) with the differential form of equation (6) ac_
cording to the above method we obtain the following:

rll(t + /t7: ę. r(t + /t) + D, (l0)

where, after reducing the equation, C and D depend, beside the geometrical sizęs and the
nominal data of the machine, on co(l) and QQ) values of moment variables regarded as
well-known. With it the expedient a:a(Ą ręlation is at our disposal in form (10).

_ 4. The Effect of Dynamic Pertwbance in the First Main Time.

The running out of a pump is a physical plrenomenon occurring when during operat-
ion źt l:0 a depression wave §tarts in the pressure tubę because ofthe current absence.
Its magnitude in 0</<2Lfa interval is: l

1.ę.

p(t)- po: pa|u(t)-uof

aH(t1-1to=-lQ@_Qo].
0At

(1 1)

Fig.2

where the index 0 refęrs to the initial state, supposing that relation 1n:rlńQ) does not
change substantially during thę examination. It is obvious that

H:tl7H"-ho, (I2)

wherc ho is the effective delivery head decrease resulting from the speed change (dece-
leration). The value of ło consists of two parts: one related to the quantities written for
the average streamline of the spiral-housing according to Figure 2 and a part associated
with the average streamline between the suction connection and admission cross-section
of the rotor. The quantities written for the absolute streamline in the rotor according
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to Figure 2:
2Il

l lóc l Ioclto: -|jds+-. l ^ds." s Jar s Jdt
1I

(13)

Let's examine the integral expressi,on in the second term of the right-hand side of
equation (l3):

'łu" ' Tu" Turor^ l

)rn':)ao'":) **o',
i , i ,,,

In Figure 3 it can be seen that drf ds.:sin ł(r) while in \clfux aĄfi approximation
for calculation of c values with peripHeral integrai averages the following can be written:

,:r_J | 4"tg' o(Ą. Hence

tTa"' |"}!s=srrQę+lt)+Bp, (14)
sJOt-

" of the pumps and thet,here B11 and Bp.arę values depending on th.e geometrical sizes
pressure tube, and also on known values ot a(t) and QG) for the machine. SimilarlY for
the first term of expression (i3) one can write:

2

1 f 0c

- l?ą:82|8|t+/t)łBrz,gJOt
1

i"l
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wlrerę Bn amd Bn are values calculated from the geometrical sizęs ot the machines and
the pressure tube.

Comparing equations (14) and (15) we obtain

hn:BtQ(t+At)+Bż,

włret,e Bt:Btt* Bzt, Bz:Btz* Brr.
In the theoretical delivery heaC expression H":(Nl2ltg)olI, tłF product is linearized,

nanely in thę product expressed by substitution of

@(i* At):g7ęllę 7. ,

ru+lt): r{t)+ /r
the second-order term Aa. lf is disregarcled and expression (10) is taken into account.
Tjrus, combining eqs (16), (12) and (ll) rve obtain the following relation:

Q|+ltl:Er(t+lt\+ F . (I7)

where .E and F can be calculated from the irritial state, fronr the geometrical data of the
machine and the pressure tttbe connected to it, from the physical characteristics of thę
delivered medium and from the known values co(r) and QQ) fot the momęnt l, With
it the expedient Q:QQ) is at our disposal, irr relation (l7).

on the basis of it, substituting equations(l0) and (17)into equation (l) and applying
reiation r:§y(s)ds we obtain the expression suitable for the simulation of pump running
out G

y(r)+ j K*,y(s')ds':Z,

rvhere

K* :K(s, s') - [P(s). E +R(s). C],

Z:P(s),,F'+R(s).D.

Re',l'r'i|ing integral equation (18) to a ]i;reer equatioi,l system, in the knowiedge of the
values łlelonging to the moinent l a§ inti,oduced in [1], solved together with the unique-
ness condition (5) the outiine /:),(§_) circulation distribution belonging to the morTręnt
t+lt is obtairręd as thę result.

So in a given moment f(t+lt):$7(s)ds can be calculatecl and then upon substituting

itintoequatiorts(10)an<1 117)Q(t+Źł)and,ol(ł+lr)alsocanb;determined.Thenusing
the valuęs of fit+7t), QG+/ł) and al(t+lt'),wlih lł time'step vaiuęs f (t+żlt), @(t+
+2lt) and Q(t*2/r) are obtained from nęw simultaneous solution of equations (18)
and (5). With this step we go on until t:ZLla, the 1-(z), o](/) and QQ), and 1l(l) relations
can be detęrmined in discrete moments.

At Present the rvork is just before completion that on thę basis of the above method
mrkes possible cornputer simulation of tire running out of a given radial-ffow pump from
rhe known stationary state.

(16)

(18)
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Propozycja modelu dynamicznej pracy pompy

s t re s zczen ie

Znajomość dynamicznej pracy pompy odgrywa porłażną rolę w badaniach stanów nieustalonYch

,, rurociągach. celem referatu jest zaprezentowanie teoretycznej metody opisu dynamicznej pracy

aompy na ważnym z prrnktu widzenia praktyki przykładzie. Przy rozwiązywaniu tego zagadnienia bierze

się pod uwagę wpływ wiru spływowego wywołanego zmianami dynamicznymi oraz wpływ bezłvładnoŚci

ąirnika i pompowanej cieczy, Pietwszy model opfacowano dla badania Ćyńamicznej PracY PomPY Pod-

Łczonej do stosunkowo długiego rurociągu; w referacie zwraca się jednak uwagę na zasadnicze odmianY

:lodelu pozwalające na badanie dynamiki pracy pompy podłączonej do rurociągu o dowolnej długoŚci.

flpe.qaoxerrue ńoAe,rn AIłHaMfiqecKofi pa6orrr Hacoca

, Pegroue

3rragrłe Ąłnalłltqecxoź paooru Hacoca urpaeT cepbe3Hyfo poJlb B IlccJIeAoBaEI{{x HeycTaHoBIłBIlIl{xcx

:,:lroqltrlż l ryp6onponoxax. ĘeJrrło pa6oru ŁBnflęTCq npeAcTaBneHlłe TeopeTi,IqecKoro MeToAa oIIIl-

:.:;rtfi AIłHaMI{vecxoń pa§orsr Hacoca Ha BaxtIoM c IlpaKTr,tqecfioń To,rKH 3peull' nPIłMePe. B Pemerrnn
,-.].o Bollpoca yqIłTbIBaeTc, Bn!{flHfie BlIxoAHoro 3aB[xpeHlrr, Bbl3BaI{IIoro ĄIlHaMIłqecrułMIł u3N{eHe-

_;,;\lIt, a TaKxe B,,lhHHl4e ,fHepTHocTl4 poTopa vt nepeKariilBleMoń xunKoCTrl. llepoar MOĄeIb o6Pa6o-

::.: ,]_łfl I4ccJIęAoBaHI4, Ał{HaMu.lec(oil pa6orlt Hacoca coellrłHent{oło c oTllocilTenbno 4.nurrrrltlr rPY6o-

:..Bo.ąoM. B paoore oopauaercx oAHaKo BHr{MaHMe Ha ocHoBHbIe pa3HoBr{ĄItocT-t,1 MoAenIl, IIo3BoJtIIo-

__!._- uccfleAoBaTb AI{HaMltKy pa6orsr Hacoca cocAilgeuHoro c rpy6onponoAoM npotr3Bojrsrłoft Arrrrrsr.


