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ALGORITHMIC METHOD OF THE TURBO FLOWMETER

ACCURACY INCREASING

VY crarTi 00TOBOPIOETHCS MOMKIIMBICTD TIIBULIICHHS! TOYHOCTI BUMIpIOBaHHS BU-
TpaTH PiIAUHU TYpPOOCHUIIOBUM BUTPATOMIPOM. Y SKOCTI MPUYMH MOXUOOK pO3IIIf-
JArOThCS JIBI — HASBHICTH CTAJOr0 MOMEHTY TEPTS B OCSX IMIJBICY 1HIUKATOPHOT
TypOiHU Ta HECTaOUIBHICTh XapaKTEPUCTHK MPY>KHOTO ejeMmeHty. [lepury i3 mux
MOXWOOK MPONOHYETHCA YCYHYTH, NMPOBIBIIM BUMIPIOBAHHS Yy pa3l JABOX CTaJIUX
(bikcoBaHMX 3HAUYEHHSIX KYTOBOi IIBHJKOCTI OOEpTaHHS CHJIOBOI TypOiHM, Micis
00pOOKHU BIAMOBITHUM YMHOM pE€3YJIbTaTH BUMIpIOBaHb. TOYHE 3HAUEHHSI BUTPATU
y BUIAJKy HECTaOLIbHOCTI MPYXHUX BIACTUBOCTEH MPYKUHU MOXKE OYTH OTpUMa-
HO Ha OCHOBI ieHTU(IKallli mapaMeTpiB 1HAUKATOPHOI TYpOIHM Yy MEpeXiTHOMY
PEeKUMI MK BKa3aHUMHU KYTOBUMH IIBUJKOCTSMHU OO€pPTaHHS CHIJIOBOI TYpOiHU.

B cratbe 06cy>1<)1aeTcs; BO3MOXHOCTDb ITOBBIIICHUA TOYHOCTHU OIIPCACIICHUSA
pacxojia JKUAKOCTH TypOOCHIIOBBIM pacxoJioMepoM. B kauecTBe mpu4MH morpeu-
HOCTEH paccMaTpUBAIOTCS JIBE - HAJHYUE MOCTOSHHOTO MOMEHTA TPEHHS B OCSAX
MoJIBecCa MHAWKATOPHOW TYpOMHBI U HECTaOMIBHOCTb XapaKTEPUCTUK YIPYTroro
aneMeHTa. [1epByro U3 yka3aHHBIX OLIMOOK MpeUIaraeTcs yCTpaHUTh, POBENS U3-
MEpEHUs] IPU JIBYX MOCTOSIHHBIX (DUKCHPOBAHHBIX 3HAUEHHSX YIJIOBOW CKOPOCTH
BpaIlleHUsI CUJIOBOM TypOMHBI, 00paboTaB COOTBETCTBYIOIIUM 00pa3oM pe3yJibTa-
Thl u3MepeHuid. TouyHoe 3HaYeHHEe pacxoja B ciydae HECTaOWIBHOCTH YNPYTHX
CBOMCTB MPYKUHBI MOKET OBITH MOJIyU€HO Ha OCHOBE WACHTHU(UKAIMM TapameT-
POB MHIUKATOPHOH TYpOMHBI B MEPEXOJHOM PEXKHUME MEX]Y YKa3aHHBIMU YIJIO-
BBIMH CKOPOCTSIMU BpAIll€HUs CUIIOBOM TYpOUHBI.
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Introduction

The accuracy of physical quantities measurement is the most relevant in
any branch of science and technology. The technique of mechanical quantities
measuring, in particular the flow of liquids and gases, is no exception.

The possibility of the accuracy increasing of a turbo-flowmeter designed
to measure the mass flow of liquid and gaseous substances is considered in the

article.
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Fig. 1. A schematic diagram of a flowmeter

Fig. 1 shows a schematic diagram of a flowmeter. An excitation turbine 3,
having fluid paths separated by partitions parallel to the turbine axis, is installed
inside the pipeline 2. The excitation turbine is driven by the electric motor 1
with angular velocity o and twists the fluid, which acquires the screw motion
shown by the arrows.

Further, the liquid runs into the stationary turbine 5, passing through the
stationary disk 4, which reduces the viscous coupling between the turbines. Un-
der the action of fluid moving at the entrance to the stationary turbine along the
helical line, the stationary turbine fixed to the spring 6 rotates by an angle o,
proportional to the mass flow rate of the liquid. The counting device 7 deter-
mines the dependence of the stationary turbine rotation ¢ = ¢ (t) on time.

Frictional forces torque in the stationary turbine supports and instability of
spring stiffness are the main sources of mass flow errors of the turbo-power
flowmeter. To reduce the errors of the turbo-flowmeter, it is proposed in [1] to
use the so-called compensation measurement method, schemes with continuous
rotation of both turbines, both interconnected and rotating autonomously. In [2],
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a special design of a torque-transmitting node between turbines ensuring an in-
crease in the accuracy and expansion of the measurement range is proposed.
Flowmeters schemes with different design execution are considered in [3].

The frictional forces torque in the indicator turbine supports and the
spring stiffness instability are the main sources of errors in mass flow measuring
of the turbo-power flowmeter [1].

Problem Statement

A method for determining the mass flow rate of liquids by a turbo-
flowmeter, which eliminates the errors generated by the presence of a constant
frictional moment in the axes of the stationary turbine suspension and the insta-
bility of the spring elastic properties, is considered in the article.

Main part
The equation of a stationary turbine motion 5 has the form
l.§+ap+Ccp=0rQ, —M,,, Q)
where |, —the moment of inertia of a stationary turbine relative to the axis of ro-

tation;

o, — coefficient of a stationary turbine viscous friction of a liquid;

c — spring 6 rigidity;

¢ — IS the rotation angle of the stationary turbine;

o — is the angular velocity of the fluid rotation caused by the excitation
turbine 3;

r. —is the average radius of the turbine excitation channels 3;

dm
Q,, — flow rate mass (QM :Ej;
M ,, —moment of friction in stationary turbine bearings 5.
It is quite obvious that in the case of a constant friction momentM,, in sta-
tionary turbine bearings(A£,, =const), the dependence of the rotation angle ¢

on the flow Q,, in the steady state ($ =0, ¢=0)

or.’ 1
CC QM _EMM’ (2)

will contain an error caused by the moment of friction.

To compensate for this error, it is proposed to measure the rotation angle
of a stationary turbine at two different constant values (w, —const, @, —const)
of the angular velocity of the excitation turbine rotation. Then, assuming that
during the measurement time the mass flow Q,, does not change, we obtain the
dependence (2) in the form

(P:
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where o, (=1, 2) are the rotation angles of the stationary turbine at the values
of the angular velocity of the excitation turbine rotation o, (i =1, 2).

QM:(pl_(PZ_%. (4)

0 — 0, rc

To eliminate the error caused by the instability of the spring elastic prop-
erties, it is proposed to analyze the transient process of changing the angular ve-
locity of the excitation turbine from its initial value , to the final value ®», and

to carry out a procedure for the parametric identification of unknowns.
Let us compose and solve the equation of the excitation turbine motion.
Due to the theorem of the angular momentum change, the equation of the
excitation turbine motion has the form

%[(I3+mrc2)m]:—oc3m+ M., (5)

where 1, — is the moment of inertia of the excitation turbine;

m — is the rotating liquid mass;
a, — Is the viscous friction coefficient of the excitation turbine of liquid;

M_ — is the moment applied by the engine to the rotation axis of the

en
excitation turbine.
Transforming equation (5) to the form

2
o, +rQ M
3 [ M(D

en
= , 6
I, +mr? I, +mr? (6)
we obtain its solution
o=(0,~0,)e "™ +o,, (7)

where o, — is the initial value of the angular velocity of the excitation turbine

M : . :
o0, =——>— —is the final value of the angular velocity of the

o, +17Q,
excitation turbine;
o, +r’Q,,
P e
5+ mr
Substituting expression (7) into equation (1), we obtain:

I+ 00 +Cp= [(601 — 0, )e_Bt + 602] cmQM -My, (8)
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We transform the system of equations (3) to the form
M M= rCZQM . M (9)
P, =Py
and substitute it in the expression (8):
®, — 0
(PZ( 1 2) rCZQM

I + o+ Cop = (o, — ,)r.°Q, e ™ + (10)
¢, =P
Dividing expression (10) by 1., and introducing the notation
% _on: C k. (@~ ©,)7Qy _ A: (PZ(Q)l_(DZ)'rCZQM B (1)
I I I (¢, — Py
we write (10) in the form
P+2np+k’p=Ae"™ +B (12)

Parametric identification involves comparing the real motion of a station-
ary spring with the movement of its mathematical model, given, for example, in
the form of an analytical solution of the motion differential equation. Let us
solve the equation (12). This solution, depending on the relation between the pa-
rameters n and k, will have the form:

— thecase n>k

. eplt_epZt 1 t t
P=0 -9 pe™ — pe™ )+
LR lpl—pz( 2" = pe)
_ —-pt pit pot
N {(lo1 p,)e +[ ™ e j} )
PP (P +B)(P,+B) \p+B P, +P

_ pit pot
+ B 1 pl pZ 4 (e _ € j ’
PL— P, PP, Py P,
where p, =-n++/n*—k?; p, =—n—+n*—k?; ¢, —is the stationary turbine rota-
tion angle at the value of angular velocity of the excitation turbine rotation o, ;

¢, — is the initial angular velocity.
— thecase n=k

. A B -n -n B -Nn
(p:((Pl+n(P1—n—_[3—FJt'e t+(Ple t+F(l—e t) (14)

— thecase n<k
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—pt —nt
= Ae2 2—5- © 5 2[(n—B)sinmt—mcos(nt]+ —
(n-B)+0° o (n-B) +o n’+w

- Be™ [nsincot—mCOScot]J{i((p +n(p)+¢+
o(n® + o°) o Y (n-B)? + @
+L}e”‘sinmt+{(p -
o(n® + o’) !

where o =+k?—n?.

Having an analytical solution of the motion differential equation of a sta-
tionary turbine, the procedure for finding the best estimate of the mass flow rate
of a liquid can be constructed as the following (Fig. 2):

¢

(15)

2An B
N-B)+o° n°+o’

e "cosmt

Turbo-flowmeter
wlt) ot ettt

%é(w—w n)’ min ®

& %é((p—(pn}:—*—min
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T Q-gu ——m
B Mathematical model of TF ﬁfﬂﬁ"” NS P-P min
case n>k '
W] min
Wo— case n=k * *
) case n<k Q,n k
Q—

Fig. 2. Mathematical model of the flowmeter - analytical solution of the
equation of motion

— equip the excitation turbine with a speed sensor; find the best estimate of the
parameter B by minimizing the sum of the “residuals” squares of the indicat-

ed angular velocity o(t) and its mathematical model o, (t);

— organize three channels for comparing the real motion of a stationary turbine
¢ () and its mathematical model ¢,, =@, (t);

— these mathematical models have different structure and only one of them
corresponds to the real motion of a stationary turbine (its sum of “residuals”
squares is minimal);

— an estimate of the mass flow rate Q,, in the case of a minimum of the “re-
siduals” squares sum will be the result of the stated problem solution.
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The algorithm based on the exact solutions of the stationary turbine dif-
ferential equation (see expressions (13), (14) and (15)) is the advantage of the
considered flow estimation scheme. The disadvantages are their relative com-
plexity and cumbersomeness. The basis of the estimation algorithm is not ana-
Iytical solution, but the result of machine integration of the stationary turbine
motion equations (Fig. 3). In this case, the integration result of equation (12) is
compared with the real motion of ¢(t) for all possible values of Q,,,k,n. The

defined three parameters correspond to the minimum.
“Residuals” will be the true result.

Turbo-flowmeter
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Fig. 3. Mathematical model of the flowmeter - the differential equation
of its motion

Conclusions

A method for the accuracy increasing of a turbo-flowmeter by eliminating
the errors associated with the presence of constant frictional moment in the sus-
pension axes of the indicator turbine and the elastic element parameters instabil-
ity is suggested in the article. The method requires minimum design completions
of the flowmeter. It is based on the simultaneous parametric identification of the
angular velocity of the power turbine rotation and the rotation angle of the indi-
cator turbine. Machine simulation is carried out according to the scheme shown
in Fig. 3. It confirms the operability of the proposed method.
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