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OLIVER FUZY, ANDRAS SEBESTYEN

Budapest*

A Possible Model of Pump’s Dynamic Work

In examination of nonstationary behaviour of pipe networks the knowledge of the pump’s dynamic
sehaviour is a crucial question. In the following an approximate simulation calculation method is in-
sended to be introduced for the examination of pump funning out, a transient working state important
for practice, where from the knowledge of the\z moment state the characteristics of the 74 4¢ moment
siate can be determined.

Symbols
u peripheral velocity, p density,
c absolute velocity, : N — number of blades,
y tangential component of ¢, - L length of pressure tube,
r blade circulation, a medium sound velocity,
0 volumetric current of flow, v flow velocity in the pressure tube,
@ angular velocity of rotor, H delivery head,
w relative velocity, He theoretical delivery head,
: g circulation of u, (7] quantitative number,
A; profile contour area, M hydraulic efficiency,
e inertia of rotation masses, g gravitational acceleration,
M — impeller moment, g — potential gradient of circuital field,
Mz disc friction drag moment, b rotor disc housing gap,

M, — mechanical frictional moment, p — pressure.
Re — Reynolds number,

1. Introduction _ ; ¥

In course of calculation aimed at determining the velocity distribution developed in
straight blade cascade the well-known procedure (published in 1969) based on the method
of singularities [1] is used. The form of the integral equation serving the determination
of the velocity distribution, with the assumption that the liquid arrives into the pump
without prerotation, is the following: '

V(S)+gK(S,S')'?(S')dS'=P(S)'Q+R(S)'w, )

* Department of Hydraulic Machinery, Technical University, Budapest.

4 Prace IMP z. 83-84 (491




50 O. Fizy, A. Sebestyén

where s is a fixed locus coordinate on the blade profile, s’ is the running point of integrat-
ion, and P(s), R(s) and K(s, s") functions depend only on the geometrical formation of
the rotor. In the course of solution application of the functions Q=Q(I(¢)) and o=
=w(l'(t)) forms seems to be expedient.

2. The Uniqueness Condition

To ensure the uniqueness of the solution of i'ntegral 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(¢) surrounding blade profile and changing in time is exa-

mined;
0
3€wdr_ 3€( W+w—w)dr. 2)
or

S(@) S

The Euler equation for the relative flow:

dw 10p +(Vxa) 3)
_+h- —— x X ) =
dt padr - grrs

From the comparison of (2) and (3):

3§ wdr— — Coygf
S()

During the examination we work with given time step At. If in moment ¢ S(¢) itself
is the blade profile, then according to Figure 1 after Af it can be written:/

4%[ iﬁ Ec_z’f—3€y@]=—2w(t+dt)-5-wk(t) 4)

S(t+41) S@)

that is on the contour wxdr=

Decomposing the left hand side of equation (4) for the circulation of the tangential
components of absolute and peripheral velocities, as well as considering the fact that
in radial flow machines (with the application of the Stokes theorem):

= $uds=2 j' wdd=20-A4,

S Ai

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

T(t+ A8+ (4= 5) As=T(D)+ o (t+ A1) [2- A, —4645]—200(2) - 4, . (5)

Equation (5) in case of standing cascade placed into a stationary flow becomes the unique-
ness condition of Kutta: y,=v;.
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S(trat) ;
S(t) -

Fig. 1 %

-3. The Kinematic Equation of the Rotor Motion

The kinematic equation of motion of the rotor:

d
O mM M ~ (0

dt e
where in course of the running out of the pump M, =0. In the calculation of M ,m,
we start from the relation Myymp= My a+ M1+ My The moment of disc friction drag
is calculated on the basis of [2], as the examined rotors had so-called smooth discs, or
discs that can be regarded smooth. 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
basis of [3]. Thus, according to [2], »

Mi(w)=Ci(Re, D,, b)% e _ )

The loss moments caused by mechanical friction have been considered on the basis.
of [4] with the aid of the suitably reduced relation

M (w)=| C, CE‘“ZM @8
M CO)—[ M1+<w—(t‘)>] pump > )

here Cyry and Cyy, are the well-known values depending on nominal work parameters,
sonstant during the examination. Equation (6) is rewritten into differential equat-
on for simulation with the time mean values of the respective moments taken into ac-
sount. Relation (7) of disc friction drag moment is linearized with the aid of the first two
w=rms of the binomial series with respect to w. The time mean value of hydraulic, mo-
ment is calculated in the following way:

N N *
Mhydr=‘;—n -Q(6)- Tt +41). ©)
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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:

o(t+4)=C-T(t+41)+D, (10)

where, after reducing the equation, C and D depend, beside the geometrical sizes and the
nominal data of the machine, on w(¢) and Q(¢) values of moment variables regarded as
well-known. With it the expedient w=w(I') relation is at our disposal in form (10).

4. The Effect of Dynamic Perturbance in the First Main Time.

The running out of a pump is a physical phenomenon occurring when during operat-
ion at t=0 a depression wave starts in the pressure tube because of the current absence.
Its magnitude in 0<7<2L/a interval is: j

: p(®)—po=palv(t)—v,]
1€

H(t)—Hozg%[Q(t)—Qo], (11)
1 3

Fig. 2

where the index O refers to the initial state, supposing that relation #,=#,(¢) does not
change substantially during the examination. It is obvious that

H=n,H,~h,, : (12)

where 7, is the effective delivery head decrease resulting from the speed change (dece-
leration). The value of A, 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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Fig. 2

to Figure 2:
2 1I

1 ] 1 )

h”=——' —gdS'l"—' —EdS. . (13)
g e g ot = :

1 I

Let’s examine the integral expression in the second term of the right-hand side of

=quation (13):
I R

11
agd__ 6cd : acdscd -
e e e sl

I

In Figure 3 it can be seen that dr/ds.=sin a(r) while in dc/0t~ Ac/At approximation
for calculation of ¢ values with periphleral integral averages the following can be written:
= J1 +ctg? a(r). Hence .

II

ira
fﬁdsgBuQ(t—i—AtH—Bm, (14)
g0

: I

vhere B,; and B, are values depending on the geometrical sizes of the pumps and the
pressure tube, and also on known values of w(¢) and Q(z) for the machine. Similarly for .
the first term of expression (13) one can write:

2

1 (de .
? Eﬁdj:Bn Q(t+41)+B,,, (15)

1
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~ where B,; and B;, are values calculated from the geometrical sizes of the machines and
the pressure tube. :

Comparing equations (14) and (15) we obtain

h,=B, Q(t+A41)+B,, (16)

Whel‘e .B1 =B11 +B21, B2 =B12 +B22 5
In the theoretical delivery head expression H,=(N/2rng) oI, oI product is linearized,
namely in the product expressed by substitution of

o(i+dt)=w{t)+Adw,
F(t+A)=T(t)+AL"

the second-order term dw. Al is disregarded and expression (10) is taken into account.
Thus, combining eqs (16), (12) and (11) we obtain the following relation:

O+ A)=Er(t+)+F, (1D

where E and F can be calculated from the initial state, from the geometrical data of the
machine and the pressure tube connected to it, from the physical characteristics of the
delivered medium and from the known values w(¢) and Q(z) for the moment ¢. With
it the expedient Q=Q([I) is at our disposal, in relation (17).

On the basis of it, substituting equations (10) and (17) into equation (1) and applying
relation I'=§y(s)ds we obtain the expression suitable for the simulation of pump running
out e

Y+ $ K*y(s)ds'=Z, (18)
G

where
=K(s,s)—[P(s)-E+R(s): C],

Z=P(s)-F+R(s)'D.

Rewriting integral equation (18) to a linear equation system, in the knowledge of the
values belonging to the moment ¢ as introduced in [1], solved together with the unique-
ness condition (5) the outline y=y(s) circulation distribution belonging to the moment
t+A4t is obtained as the result.
So in a given moment I'(1+ 4t) =$y(s)ds can be calculated and then upon substituting
G

it into equations (10) and (17) Q(¢+ 4¢) and w(¢+4¢) also can bz determined. Then using
the values of I'(¢+4¢), Q(t+4t) and w(t+At) with At time'step values ['(z+24¢), w(t+
+24t) and Q(¢+24¢t) are obtained from new simultaneous solution of equations (18)
and (5). With this step we go on until r=2L/a, the I'(¢), w(¢) and Q(t), and H(¢) relations
can be determined in discrete moments.

At present the work is just before completion that on the basis of the above method
makes Vpossible computer simulation of the running out of a given radial-flow pump from
the known stationary state.
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Propozycja modelu dynamicznej pracy pompy
Streszczenie

Znajomoé¢ dynamicznej pracy pompy odgrywa powazna role w badaniach stan6w nieustalonych

v rurociagach. Celem referatu jest zaprezentowanie teoretycznej metody opisu dynamicznej pracy

pompy na waznym z punktu widzenia praktyki przyktadzie. Przy rozwiazywaniu tego zagadnienia bierze
sie pod uwage wplyw wiru splywowego wywotanego zmianami dynamicznymi oraz wplyw bezwiadnosci
wirnika i pompowanej cieczy. Pietwszy model opracowano dla badania dynamicznej pracy pompy pod-
taczonej do stosunkowo dlugiego rurociagu; w referacie zwraca si¢ jednak uwage na zasadnicze odmiany
modelu pozwalajace na badanie dynamiki pracy pompy podiaczonej do rurociagu o dowolnej diugosci.

\

~ ~
Ilpe;mmxeime MOJeJH AUHAMHYECKOH paﬁon Hacoca
Pesrome

3HaHVe IMHAMIYECKOl PabOThl HACOCA MIPAET CEPhE3HYIO POJIb B UCCIICHOBAHMAX HEYCTAHOBUBINNXCA
cocTosiHE B TypOorposonax. Llenbio paGoThl SBIAETCH MPENCTABICHHS TEOPETHYECKOro METOMa O~
“us IMHAMUYECKON paGOThl HACOCA HA BAKHOM C IPAKTHYECKOH TOUKH 3peHHs npamepe. B permenuu
TOTO BOMPOCA YUYUTHIBAETCS BMSHUE BBIXOLHOTO 3aBUXPEHWS, BLI3BAHHOLO NMHAMMYECKAME HM3MCHC-
“wsv, A TAKXKE BIMSHUE MHEPTHOCTH POTOPA M MEPEKAuMBAEMOM JKUAKOCTH. Tlepeas Monenb oGpabo-
s 1015 MCCITESOBAHMS TUHAMUYECKOH paboThl HACOCA COEAMHEHHOTO C OTHOCHTEIBHO IJMHHBIM TPyGO-
~~osonoM. B pab6oTe 06pamiacTcs OAHAKO BHUMAHUE HA OCHOBHbBIE DA3HOBHAHOCTU MOJIENH, MO3BOIIAIO-
e WCCNENOBATH AMHAMMKY paGoTHI HACOCA COCAUHEHHOTO ¢ TPYGONPOBOMOM MPOW3BONBHON JIAHEL




