Journal of Engineering Physics and Thermophysics, Vol. 77, No. 1, 2004

CALCULATION OF CHAMBER-TYPE PULSERS

A. I. Nakorchevskii, M. P. Martynenko, and UDC532.54
B. |. Basok

The computation al relations and experimental data for deflection of rubber membranes in chamber-type pul-
sers for the cases of independent and combined deformation of the membranes with account for initial resid-
ual deformation are presented. The results of the calculations and experiments are in satisfactory agreement.

Chamber-type pulsers are used in extraction processes in the food, pharmacological, and other branches of in-
dustry [1, 2]. The mathematicad modd of their operation is given in [3-5] in detail. The main element of the pulser
is a chamber, one of the possible engineering solutions of which is shown in Fig. 1. Here 1 is the channel connecting
the chamber 2 with the processed medium 6. The chamber has branch pipes 3 (section A-A) for connection through
the two-way valve 4 with the working gas vessels of high (H) and low (L) pressure. Two rubber membranes 5, which
move synchronously and symmetricaly under the effect of the pressure difference of gas py, and liquid p5 toward the
central plane of the chamber (connection to the vessel H) or in an opposite direction (connection to the vessel L), are
placed in the chamber. These motions initiate a corresponding motion of suspension in the channel 1. The main tech-
nological effect of the device is related to a sharp retardation of flow in the channel when the membranes are pressed
to the internal side surfaces of the chamber and at a limiting position of them in the central plane of the chamber,
which causes phenomena of the type of a hydraulic shock.

To calculate the operation of these devices and find extremum values of pressure in the chamber pye, we
must determine relations between p, and flow rate in the connecting channel 1 for the periods of filling and emptying
of the chamber and the "shock" period. In [3], the corresponding relations are presented for the latter case. However,
the stage of contact between the membranes with "flattening” of them in the central zone, which is typical of the final
stage of the second period (emptying), was not considered in detail; the authors restricted themselves to approximate
relations. In the present work, we thoroughly consider this very case (Fig. 2). As the membranes move to the central
plane of the chamber, they touch each other at the central point when the central deflection Wy (deflection a r = Q)
becomes equal to h with subsequent "flattening” of the contact zone, which is characterized by the radius r,. The
quantity h is constant and is determined by the designed size of the chamber. The conditions of force effect on the
membrane are presented in Fig. 3, according to which the resultant pressure difference on the membrane Ap is deter-
mined by the relation
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The sense of the notation is obvious from the consideration of Fig. 3. The rubber membranes fall into the class of
highly flexible envelopes, and a free surface of them is a sphere of constant curvature, which is confirmed by experi-
mental studies. In this case, it is not difficult to obtain the formula
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Fig. 1. Schematic of the pulsation unit of the chamber-type pulser.
Fig. 2. Combined deformation of the membranes.

Here the denominator is the radius of the envelope p relative to the center of a spherical surface.
For absolutely flexible plates in the region of dastic deformations the relation

S_
o= SOSD E ©)
holds, where
s=nRVRZ+025 (RP-r2-m2 +nd §=1”". (4)

Substitution of expressions (2)—(4) into (1) adlows one to obtain a final dependence for Ap.

During exploitation of the pulsers, rubber, as a rule, gains residua deformation, the value of which can be
characterized by the central deflection in a nonstressed state Wpg. The residual deformation must be allowed for in
computations which determine deformation loading of the membranes in both independent motion of each membrane
and combined deformation of them. For the first case we have the classic relation

ap = 40—
p=40 )
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where in the absence of residual deformation
S- We
o= SOEr:—gEr. (6)
S R

If at Ap = 0 we observe residual deformation characterized by central deflection Wgpg, then
2
S-S =TTWE-Woy) . S=TIRE+WEy. (7)

Assuming Wpg <<R, by substitution of (7) into (5) we obtain
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Fig. 4. Position of the membranes in independent (a) and combined (b) defor-
mation.

WG~ Wog Wgb
Ap:4BR—2?Er. (8)

The same corrections we must introduce to the second formula of (4) for the case of combined deformation of the
membranes using the second formula of (7) for calculation of S. Finaly, relation (1) becomes as follows:
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In order to check the computations given above we performed studies of independent and combined deforma
tion of the membranes in the working chamber of the pulser. To visualize the process, the central drum with the con-
necting pipe was removed from the chamber (Fig. 4a). The conica linings 1 of the chamber were positioned with the
help of the inserts 3 at a distance corresponding to the width of the cylindrical drum. As a result, deflections of the
membranes 2 became accessible for visualization and measurement. The working gas was supplied through the receiver
H (see Fig. 1) and the rate of pressure variation was controlled by the valve on the gas duct. The pressure of the gas
on the membrane p,, was measured by a standard pressure gauge. The pressure in the open chamber p; was constant
and equal to atmospheric pressure. The deflections of the membranes, whose values were determined by a computer,
were photographed by a digital C-800 Fujifilm camera.

The technique of and the experiments was as follows. The two-way cock which connects the chamber and the
receiver H was shut, and the receiver was filled by compressed air. Preliminarily, the initial position of the membrane
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Fig. 5. Change of central deflection of the membranes before the contact at
Woq = 3103 m (@ and Wpq = 11103 m (b); symbols — experimental points.
p, 10° Pa; Wo, m.
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Fig. 6. Change of the radius of contact of the membranes ry, (1), function 0.02
sin a (2), and relative deformation 0.05(S- )/ (3); points — experiment. p,
10° Pa

was photographed. The two-way cock was adjusted to the position of a small flow rate of the air and the rate of pres-
sure variation in the chamber did not exceed 30 Pa/sec. As pressure increases, photographing was done and values of
the excess pressure Ap = pm — pg Were recorded. On reaching the maximum (py, = 80110° Pa), the pressure in the
chamber decreased and measurements were taken in inverse order. The membranes with the working radius R = 0.07
m were made of rubber of thickness b = 6.9710 ° m. The elasticity modulus of the rubber E, = 2.1110° Pa was found
experimentally beforehand.

Figure 4 presents the photographs of the membranes before and after the contact. It is easy to verify the sphe-
ricity of the deformable surfaces in both cases. The main measurements were made on the right-hand side of the
chamber; therefore, the objective of the photocamera was focused at the central point of the right flange; as a result
the deflection of the membrane on the left-hand side is visually larger. The calculations by (8) were compared to the
experimental data at Wpq = 3103 m (Fig. 53) and Wgq = 11103 m (Fig. 5b). Figure 6 shows the results of the ex-
periments on combined deformation of the membranes at Woq = 110103 m. The results of the comparison indicate the
correctness of the analysis made.

If, during operation of the pulser, the membranes gain considerable residual deformations Wgq, a gas cavity,
which impedes a tight fit of the membrane to the body, can be formed between the chamber body and the membrane.
This cavity damps the shock action due to sudden stop of flow in the connecting channdl and deteriorates the techno-
logical effect of medium processing. To avoid negative aftereffects, one must put the internal surface of the chamber

into a spherical shape and make control calculations following the above-formulated technique with account for the
predicted value of Wgg.
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Thus, we have suggested a technique for calculation of deflections of the rubber membranes in chamber-type
pulsers in independent and combined deformation of the membranes with account for possible initial residual deforma-
tion which manifests itself during exploitation of the equipment. The results of the calculations are confirmed by the
experimental data.

NOTATION

b, thickness of the rubber membrane, m; E;, elasticity modulus of rubber, Pa; h, half-distance between the lin-
ings of the chamber, m; p, pressure, Pa; R, radius of the membrane, m; r, current radius, m; S and S, area of the
surface and its value in the nonstressed state, m2; W, coordinate of the deflection line, m; a, angle of slope of the
tangent to the membrane; g, tensile stress of rubber, Pa. Subscripts. a, cross section; m, membrane; ex, extremum; d,
deformation; O, initial state; r, rubber.
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