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ABSTRACT

In various devices of hydraulic drive and hydraulic automation systems, elements with a
conical flow path are used - conical confusers and diffusers.The cross-sectional dimensions of
such elements are typically relatively small, and the fluid (mineral oil) moving through them
has a high viscosity. Therefore, despite the relatively high fluid flow velocity, the Reynolds Re
numbers in conical elements can be low.

It is known that at low Reynolds numbers, the work done by frictional forces takes on a
predominant role compared to the kinetic energy of the flow. In this regard, it is found that
the hydraulic coefficients (friction and local resistance coefficients) included in the Darcy and
Weisbach head loss formulas are significantly dependent on the number Re.

In general, the local pressure loss % ; for any type of resistance, regardless of the mode of

movement, is determined by the Weisbach formula:
h j =q¢ A~ (1)

Where § is the average velocity in the pipeline cross-section with local resistance; ¢ - is the
local resistance coefficient.

When a liquid moves with low Reynolds numbers, the value of ¢; - depends both on the shape

of the flow path of the resistance and on the Re, number:
Re, =—, (2)

where d 1s the diameter of the pipeline in the section of local resistance; is the kinematic
coefficient of viscosity of the liquid.

The type of dependence of ¢; as a function of the Re, number and the form of local resistance

1s established, as a rule, based on the data of experimental sequences. An analysis of some
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literary sources [1-8] concerning the problems of hydraulic resistance shows that the issue of
calculating pressure losses in the case of fluid movement with small Re numbers has been
studied comparatively little even for the most common types of local resistance - such as sharp
expansion and contraction of pipes.

Research by V. N. Karev [3] on determining pressure losses in the case of a sharp expansion

of a pipe showed that with laminar flow, the local resistance coefficient ¢,, depends

significantly on Re, and in the range of Reynolds numbers from 1 to 9, ¢, , depends only on

the Re, number and is determined by the formula:

26

Sop “Re. (3)
d

In the intermediate zone of Reynolds numbers (9<Re<3500) the coefficient ¢ op

It depends both on the number Re, and on the ratio of areas —; for Re, > 3500 the coefficient
w,

¢, 1s a function of only the ratio O .
a)Z
A. D. Altshul [2], based on available experimental data and individual theoretical studies,

proposes to determine the coefficients of local resistance when moving through a diaphragm,
as well as for a number of other cases of local resistance at Re, <10, using the formula:

S 4 (4)
=— 4
Re,
where the value of the coefficient 4 depends on the geometry of the local resistance:
25,2
A== (5)
n?

where n=— is the flow compression ratio; w- is the cross-sectional area of the pipe; w, - is
w
0

the cross-sectional area of the diaphragm opening.

A large number of works have been devoted to the motion of incompressible and compressible
fluids in conical diffusers at high speeds corresponding to the turbulent regime, and this
problem can be considered to be basically solved. The pressure losses in the diffuser during
turbulent flow are determined using the Weisbach formula (1). The drag coefficient ¢,,, is
taken from reference literature.

Sometimes, friction losses along the length of the diffuser are conditionally distinguished from
the total losses in the diffuser, i.e., the local pressure loss in the diffuser is determined in a

section of length equal to zero.
Then the total pressure loss in the diffuser can be represented as a sum:

hdud) h Lo + hpacm. s (6)
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where hlou ) is the friction loss along the diffuser; # sacu. 18 the local pressure loss, determined

over a section of length / =0 conventionally called the expansion loss.
The coefficient of total pressure loss in the diffuser can therefore be represented as the sum:

Soup. = Smp TS pacu. (7)

As for the calculation of conical diffusers when liquid with small Re numbers moves in them,
many issues of this problem, in particular, the issue of separated flow, have not yet been
covered in the literature.

A theoretical solution for the motion of fluid in a flat and conical diffuser for a given velocity
profile in its initial cross-section was proposed by S. M. Targ [8]. Research into S. M. Targ's
equations [8] leads to the conclusion that,

Re% <3,69 (for flat diffuser) (8
and
Re% <473 (for conical diffuser) (9)

the pressure in the direction of flow decreases, i.e. p, < p, (the fluid flow is directed in the

direction of pressure drop); for values Re% > 3,69 for a flat diffuser and Re% > 4,73 for a

conical diffuser, p, > p, 1.e. the flow in the diffuser occurs in the direction of increasing

. : a
pressure. Studies of the separation phenomenon have shown that at ReE <7’ for a flat
. a . . . . .
diffuser and ReE < 7,34 for a conical diffuser, the flow will be without separation.

At values of Re% > 7’ for a flat diffuser and Re% > 7,34 for a conical diffuser, separation

occurs at their walls. During separation, the fluid flow is directed toward increasing pressure.
This paper presents a study of pressure losses in conical diffusers with diameter ratios of
g =133 and i 2,3. The expansion angles varied from 5 to 30° for the first diameter ratio,
and from 8 to 59° for the second. The Reynolds numbers varied from 1 to 30. Colourless medical
glycerin with a viscosity of v = stokes (at t=20°C) was used as the working fluid. To determine
pressure losses in conical diffusers at low Reynolds numbers, high experimental accuracy is
required, in particular, the accuracy of measuring pressures in control sections, liquid flow
rates, and its viscosity. The experimental setup also had to meet these requirements. The
tank's capacity ensured the required flow rate was maintained for a relatively long period of
time. Liquid was periodically pumped from the overflow tank into the pressure tank using a
pump. This scheme of supplying liquid to the local resistance ensured a relatively stable
temperature regime for the experiment, since it excluded significant heating of the liquid
during continuous operation of the pump.
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Figure 1. Diagram for determining pressure losses in a diffuser

The gravity-flow system also excluded the pulsation phenomena that accompany the supply of
liquid directly from the pump, which took place in the works of V. N. Karev, N. V. Levkoeva
[2] and others.

When processing the experimental data, we determined both the coefficient of total pressure

losses in the diffuser G4,y and the coefficients of expansion losses.

The pressure losses were calculated in accordance with the Bernoulli equation, written for two
control sections I-I and II — II. (Fig. 1.)

2 2
B :ﬂ_ﬂ_&_ﬂ_hll N (10)
ry 28 r 2g !
where — and — are readings from piezometers installed in sections I-I and II-II; and hlz

is the pressure loss along the length in the sections from section I-I to the diffuser and from
the diffuser to section II-II.
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