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EFFECT OF THE PULSATIONS GENERATED BY THE MAIN
CIRCULATION PUMPS ON THE MEASUREMENT OF THE COOLANT

Abstract: Measurement of the coolant flow in the primary circuit of the VVER 1000/320 reactor is based on
the measurement of the pressure drop either on the main circulation pump, or reactor or steam generator. It
will be proved that the existence of the pressure pulsations result in differences between the rate indicated by
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the flow meters and the actual flow rate.
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1. Introduction

The existence of the pressure pulsations in the coolant flow and its effect on flowmeters is well known.
Lindahl (1946) published in the Transaction of the ASME overview of up the present time published
papers. Another excellent survey of the publications was presented by Oppenheim (1955). For the
incompressible flow using continuity equation and equation of motion the steady flow equation is derived
and the problem is concentrated on the measurement of the pressure drop which is influenced by the
pressure pulsations. In order to show how this pulsations act on the mathematical analysis will be in the
next presented. It must be kept in the mind that the method of calculation of the error due to pulsations is

only theoretical approach.

2. Mathematical analysis of the pulsations effect

The main circulation pumps (MCP) generate sine waves as shown in Fig. la, where P, represents

nominal value of the pressure and Ap amplitude of the pressure pulsations.
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Fig. 1: a) Pressure generated by the main circulation pumps, b) flow rate in the moment dt

Ing. Ladislav Peginka, CSc., UIV ReZ, a.s., Hlavni 130, Rez, 250 68 Husinec; CZ; Ladislav.Pecinka@uijv.cz
* Prom. Fyz. Vladimir Krupa, UJV ReZ, a.s., Hlavni 130, ReZ, 250 68 Husinec; CZ; Vladimir.Krupa@ujv.cz



662 Engineering Mechanics 2018, Svratka, Czech Republic, May 14 —17, 2018

Instantaneous true rate of the flow is

Q = K\/(P, + Ap sin wt) (1)

where w is the frequency of the rotor revolutions and K = KA,/2p. The flow rate in the time moment dt
(see Fig.1b) is

Q = K/(Py + Ap sinwt) dt (2)
and the total flow per one period of the pressure pulsations is
Q= I?fOT\/(PO + Ap sinwt) dt (3)
The average flow per one period is
Q= ngT\/(PO + Ap sinwt) dt (4)

To obtain numerical value of Q,, the term \/(PO + Ap sin wt) must be expanded by the binomial theorem
and after that integration performed.

3. Application to the primary circuit of the VVER 1000/320 reactor

In many cases the flow rate is obtained from the pressure drop on main circulation pumps, reactor and
steam generator. The specific problems of this solution are described in the next.

3.1. Measurement on the MCP

The pressure drop is measured as a difference between pressure on the pump discharge and on the pump
suction. It is well known that the MCP generate pressure pulsations. It means that the pressure on the
pump discharge takes the form P = P, + Ap sin(w + &;) t where Ap is the amplitude of the pressure
pulsations, w are the nominal angular frequency of the MCP rotor and &; represent deviation from the
nominal angular frequency w since the electrical motor is asynchronous. In this case equation (4) takes
the form

R T — K (T A i
Q. = gfo J(Po1 + Apsin(w + &) t — Pyy) dt = §f0 J(Po1 — Pyy) + Apsin(w + ) tdt  (5)

where Py; and P,, are nominal values of the coolant flow in the MCP discharge and suction. Using
binomial theorem and performing integration as the result we obtain

1

Q_M= K(Py1 — Pp2)?
Q 1 1 (Ap\?, 15 [Ap\*
K(Poy = Po2)? |1+ 16 (5F) + 77302 (a%;)

where AP = Py, — Py, and Q,, represent measured flow rate. Since Ap = 10* Pa and
AP, = 0,5+ 10° Pa, as the result we obtain

Ow__ 1
Qa 1(108)?
I+7 (1012)
This mean that the actual flow rate is Q, = 0,999973Q

= 0,99973

3.2. Measurement on the reactor

The pressure drop is measured as a difference between inlet and outlet reactor pressure nozzles. The
following relations are valid on the inlet nozzle the pressure is expressed as

P1=P01+A_psin((1)+6i)t
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Fig. 2: Ratio Z—M for the reactor

where §; is related to the preselected MCP on the outlet nozzle the pressure must be expressed as

4
P2 =P02+ZA_pSln((U+6l)t

=1
since inside the pressure vessel exists pressure pulsations of all fourth MCP.
For the simplification, we will suppose that amplitudes Ap of all operated MCPs are identical. After
simple rearrangements, the following equation takes place

4
z sin(w + 6;) t = 4sinwt cos (

81+ 8y + 65+ 6, 81+ 8, — 83— 6,
) cos )

_ 2 2
=1
and thus
Ap = [(P01 — Py,) + Ap sinw;t — 4Ap sin w;t (cosmt * COS%t)] ©)
= [(Poy — Poz) + Apsinw;t — 4Ap sinw;t f(7)]
where function f(t) represents the beats. In this case equation (4) takes form
Qq = gf;x/(Pm — Py2) + Apsinw;t — 4Ap sin wtf (z) dt (7

To calculate equation (7) the trinomial expansion must be applied. Performing complicated integration as
the result we obtain

O _ !
1+3 lap, ~7 |ap, f®

The graphical illustration of this function is to be seen in Fig. 2.

3.3. Measurement on the steam generator

Measurement of the pressure drop on the SG is specific. Pressure pulsations on the input of the SG are
identical with this one on the output. From the mathematical point of view it may be defined as

e P, =Py + Y Apsin(w+8;)t
o P2=P02+k2?:1551n((1)+81)t
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Fig. 3: Ratio %—M for the steam generator
a

where k represents damping of the pressure pulsations passing through the SG. As the result, equation (6)
changes to

Ap = [APM — 4 Ap k sinwt cos (w t) * COS (w t)] (8)

Putting this equation in equation (4) as the result we obtain after simply rearrangement
Qm _ L

Q =
1 |Ap
1+kZ A—Pof(‘l,')

Graphical illustration for the k= 0.9 and for the values Ap and AP, and f(t) is to be seen in Fig 3.

4, Conclusions

In the paper, the influence of the pressure pulsations generated by the MCPs on the measurement of the
flow rate of the coolant in primary circuit of the VVER 1000/320 reactor has been derived. Three
measurements of the flow rate are obviously performed: on the coolant flow through main circulation
pump, through reactor and through the steam generator. Based on the presented theory the following
findings may be formulated:
e pressure pulsations nonsignificantly influence measurement of the flow rate on the main
circulation pump;

o the effect of pressure pulsations most significantly influence measurement of the flow rate on the
reactor. Very interesting is the influence of the beats;

o the effect of the pressure pulsations is negligible if the flow rate is measured on the steam
generator. The beats exist as in the case of the reactor but the influence is minimal. It must be
kept in the mind that the presented method of the calculation of the errors due to pressure
pulsations is only theoretical. Practical applications are under way.
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