EXPERIMENTAL STUDY OF THE ATTENUATION OF
PRESSURE WAVES IN FLOWS OF WEAK
POLYACRYLAMIDE SOLUTIONS

V. G. Ivannikov and G. D. Rozenberg UDC 532,513.1

The attenuation factor for a pressure wave generated by water hammer in the flow of a weak
polyacrylamide solution is determined experimentally.

The unsteady flow equations for a viscoelastic fluid in an elastic pipe with a nonuniform velocity
distribution in its cross section and a flow velocity much less than the velocity of sound have the form [1]
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It can be shown that expression (1) is also valid for the flow of non-Newtonian fluids, polymer solu-
tions in particular, if the equation of state has the form [2]
dp _dp
p K’
where K = const is the bulk elastic modulus.

The presence of the dissipative term (A lwl/88)w results in attenuation of the pressure (velocity) dis-
turbances produced at the ends of the pipe. We have for the head values of the pressure waves in this case

(31
D = Py exp (— kx), 2)

where D is the pressure disturbance above the steady value, 51 is the pressure disturbance in the cross
section x = 0, and k is the attenuation factor.

~ Inasmuch as the dependence of A on the flow parameters in the turbulent unstready regime is not
known, k must be determined experimentally.

In the case of a pure water flow k can be fairly accurately determined from the expression [4]
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We have undertaken an experimental study of the attenuation

P . . / ’ of a pressure shock in pipes for flows of weak solutions of poly-
/ L L acrylamide (PAA, processed according to Special Technical Spec-
2 O\J_/O 4 ifications No, 0221-64) to determine the attenuation factor and its
dependence on the solution concentration, to test the validity of
Fig. 1. Schematic of experimen- Eq. (3), and to ascertain the influence of solution degradation on
tal arrangement. the value of the attenuation.

Translated from Inzhenerno- Fizicheskii Zhurnal, Vol. 25, No. 6, pp. 1045~-1049, December, 1973,
Original article submitted August 6, 1973.

© 1975 Plenum Publishing Corporation, 227 West 17th Street, New York, N.Y. 10011. No part of this publication may be r:epmfiuc:ed, _
stored in a retrieval system, or transmitted, in any form or by any means, electronic, mechanical, photocopymg, microfilming,
recording or otherwise, without written permission of the publisher. A copy of this article is available from the publisher for $15.00.

1530



TABLE 1. Experimental Attenuation Factor kg

. Number of -1
Fluid @, m/sec tests ko104, M R0t m-1 kelk
0,69 21 3,20(1 2.0,03) 2,96 1,08
1,04 3 3.73(11£0,05) 350 1,06
Water 1,30 % 5.15(130.02) 475 1,08
1,38 20 4.81(14£0.01) 5.1 0.:4
1,62 30 5,75{10.01) 581 0,59
PAA 1,57 93 5,28(1+0,02) 2,24 2,36
Con3e10-4 1,51 23 5,05(1£0,02) 258 1,96
o 1,57 30 5.53(1+0,03) 203 2.72
g/cm 1,56 25 5,28(1+0,03) 1,87 2,82
PAA
C.=2-10-1 1,60 26 5,39(1.3.0,03) 2,24 2,41
g/cma
SRR o 1,54 2 4,29(10,03) 2,40 1,79
==1-1f 1,53 29 4.68(1 +0,02) 957 1.82
g/em
PAA 1,58 25 4,98(120,04) 2,68 1,86
C=5.10- 1,54 30 4.83(1£0,03) 285 1,69
g/cms 1,60 24 4.56(1-0,03) 2,91 1,57
c[jg%- o5 1,59 19 4,96(1£0,004) 2,96 1,67
YA 158 2 5,27(1£0,02) 2,93 80
PAA
C=:1.10-3 1,53 23 5,11¢140,02) 3,50 1,46
g/em®
PAA
C=:5.10-0 1,63 16 5,28(1 £0,02) 4,45 1,19
g/cm®

The experimental apparatus (Fig. 1) consisted of a delivery tank 1, a steel gravity-flow pipe 2 with
a diameter of 25 mm and length of 110 m, a fast-acting valve (actuation time ty = 5-107° sec), and a mea-
suring receptacle 4.

The pressure at the ends of the test section I-II of length I = 73.4 m was measured for steady flow
by the standard manometers 5 (at small flow velocities, the pressure drop was measured using a mercury
differential manometer), and for unsteady flow by the DD-10 induction sensors 6. Signals from the sensors
were amplified in an ID-2] instrument 7 and recorded on the H-700 light-beam oscillogram 8. The liquid
flow rate at steady flow was determined by volumetric means,

The apparatus was calibrated with water in both steady and unsteady flow regimes.

In the steady regimes we obtained in the range 500 < Re = 4 .10 a curve of A(Re) that fits the func-
tion 64/Re for laminar flow and coincides with the Blasius curve for turbulent flow (the error not exceed-
ing 5%).

In the unsteady regimes we measured the velocity of sound and the maximum shock pressure. The
velocity of sound deviated at most 0.5% from the calculated value, and the shock pressure deviated at
most 2% from the value calculated according to the formula of N. E. Zhukovskii. The velocity of sound
in the PAA solution flows at all concentrations was the same as the velocity of sound in pure water,

The experimental value ke of the attenuation was determined according to (2):

fo = Aty PL
l P
where 52 is the pressure disturbance in the cross section x = I (section I in Fig. 1),

A1l of the tests with flows of water as well as the PAA solutions were repeated 2 number (20 to 30) of
times, so that the experimental results could be subjected to statistical processing. The processing re-
vealed that the relation ¢ = 5vV7/2 holds in every case, where o is the rms value and 7 is the arithmetic-
mean value of the individual-measurement error, i.e., the error distribution must be normal.

The experimental attenuation values kg for water and the PAA solutions are given in Table 1, along
with the solution concentrations C, the steady flow velocity wy, and the number of tests n at the given
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velocity wy. Also given for comparison are the attenuation values calculated according to Eq. (3). The
values of A, corresponding to the values of w; were determined experimentally,

The dependence of ke/k and ke/kyw on s = 1— Aqy/ Aoy is given in Fig. 2. Here Aop and Ay are the
viscous friction coefficients for steady flows of the PAA solutions and water at the respective velocities Wop
and wow. The coefficients A op and A gy were determined experimentally under the condition woy = Wop-

It is evident from Table 1 and Fig. 2 that Eq. (3), which holds for water, is inapplicable to flows of
weak PAA solutions; the deviation from Eq. (3) increases with the net effect of the polymer, i.e., as the
value of s increases; the absolute value of the attenuation of the pressure head wave for weak PAA solu-
tions is somewhat lower than for water and attains a minimum for s = 0.5,

Simultaneously with the experiments described above we also investigated the influence of degrada-
tion of the PAA solution on the attenuation. We performed four series of identical tests with a solution at
C=3-10"%g/cm?.

It turned out that successive water hammers essentially do not produce degradation of the solution.
In a series of 80 water hammers following one immediately after another we were unable to detect any
regular variation of the attenuation.

Accelerated degradation of the solution took place when it was transferred from the measuring re-
ceptacle 4 into the delivery tank 1 by means of a high-speed centrifugal pump. After each transfer we
measured the viscous friction coefficient Aop and generated a series of water hammers.

The experimental results are summarized in Figs. 3a and 3b. It is evident from the graphs that as
the polymer solution is degraded the disparity between the experimental value ke of the attenuation and the
attenuation k calculated according to Eq. (3) continuously diminishes.

We also note that the dependence of ke/ky on 8, as in the case of the undegraded solutions (see Fig.
2), has a minimum at s = 0.5,
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Fig. 3. Ratio ke/k versus number m of pumpings of the total vo-
lume of PAA solution (a) and versus relative reduction s of the
viscous friction with degradation of the PAA solution (b} for an
jnitial concentration C = 3+10~% g/cm?® in four series of identical

tests (1-4).
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NOTATION

are the pressure, density, and flow velocity of the fluid, averaged over pipe
cross section;

are the steady flow velocities of the fluid, the polymer solution, and water;
is the reduced velocity of sound;

is the hydraulic radius;

are the viscous friction coefficients for unsteady and steady flow;

are the viscous friction coefficients for steady flow of the polymer solution
and water;

is the bulk elastic modulus;

is the measurement length in the pipe;

is the pressure-wave attenuation factor calculated according to (3);

is the experimental value of the attenuation factor;

is the attenuation factor calculated for water according to (3);

is the concentration of the PAA solution;

is the relative reduction of the viscous friction;

is the rms individual-measurement error;

is the arithmetic-mean individual-measurement error;

is the pressure disturbance in excess of the steady value.
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