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a b s t r a c t

The article considers the laws of motion of water in the capillary tubes, taken as a model

for flowing well, on the analogical net count device. For capillary tube the lower limit value

of flow rate is empirically determined above which the total hydraulic resistance of the

capillary is practically constant. The specificity of the phenomenon is that the regime of

motion, by a Reynolds number, for a given flow rate still remains laminar. This circum-

stance can perplex the specialists, so the author invites them to the scientific debate on the

subject of study. Obviously, to identify the resulting puzzle it is necessary to conduct a

series of experiments using capillaries of different lengths and diameters and with

different values of overpressure. The article states that in tubes with very small diameter

the preliminary magnitude of capillary rise of water in the presence of flow plays no role

and can be neglected.

Copyright © 2016. Agricultural University of Georgia. Production and hosting by Elsevier

B.V. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

We present the research results on steady movement under

different pressures in a small diameter glass tubes (capillaries)

which show that in capillaries after a certain values of the flow

rate thehydraulic resistance value,with some accuracy, canbe

acceptedas constant.Thespecificityof thephenomenon is that

in case of thenotedvalue the regimeofmotionbyReynolds still

remains laminar. This fact can perplex professionals, so the

author invites them to scientific debate on this subject.

Objectives and methods

On the analogical net count device we used glass capillary

tubes as a model of artesian flowing well which allow us to

create non-linear hydraulic resistances.

To ensure the problem solution accuracy on the model, as

well as to avoid unnecessary complications in the simulation

process, it is necessary, that the resistance value remains

practically unchanged throughout the period of the solution

and independent from the change of flow rates through the

capillaries. In other words, in the capillaries there should be

provided the hydraulic resistance zone which is mostly pre-

sent in the flowing wells under natural conditions [1,8].

Theproposedrequirementmeans thateachcertaincapillary

needs special laboratory studies to determine the minimum

value of the flow rate after which, in case of the least amount, a

significant resistancechangewill takeplace inthecapillary [7,9].

In the mathematical modeling the definition of the flow

rateminimumvalue is also important in the sense of that it, in

some way, conditions the final selection of the values of

pressure and large-scale linear receptivity coefficients of hy-

draulic modeling [1,8].

Usually, to seek resolution of the simulation, the values of

these coefficients are selected according to the discretion of
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the users, according to the technical characteristics of the

count device. But under conditions of flowing well the simu-

lation values of these coefficients should be chosen so that the

non-linear resistance remains constant along with the

steadiness the linear hydraulic resistance values throughout

the solution.

The laboratory studies of the capillary used in the future

model of the well were carried out on a separate test device

the schematic image of which is given in Fig. 1 [4,7].

Results and analysis

Let us consider the water outflow through the capillary under

the overpressure. In this case, we have a steady-in-time

movement, so we can use Bernoulli's assurance [2,3,5,6].

Let us write it for sections A and B for the comparability

plane B. So, we will have:

ZA þ PA

g
þ aV2

A

2g
¼ ZB þ PB

g
þ aV2

B

2g
þ
X

hL; (1)

where ZA- and ZB are the geometric heights of centers of

relevant sections centers from the comparable plane, PA- and

PB- are absolute pressures in these sections, VA-the speed in

the flexible pipe, VB- speed in the capillary, ShL e sum of the

pressure losses along the flow way, it is:

X
hL ¼ hL1 þ hL2 ; (2)

where hL1-pressure losses in the flexible pipe, hL1-the same in

the capillary tube.

From Fig. 1 it easy to notice that ZA ¼ H, ZB ¼ 0 and

PA¼ Patm.

At the initial state, when there is no water flow in the

capillary, taking into consideration the capillary water

increasing amount under the influence of surface tension

forces, for PB we can write:

PB ¼ Patm � ghc; (3)

where hc is the value of water increasing in the capillary tube

and which is suggested to determine by the following relation

[3,6]:

hc ¼ 15
r
; (4)

where r is the radius of the capillary.

However, when there is a water stream in the capillary,

then at the part of its contact with the air the curved surface

and generating surface tension forces are disappearing and

therefore we can accept, that PB¼ Patm.

On the test device the flexible tube diameter (dt) is ten

times bigger than the capillary diameter, hence the speed of

the water flow here is relatively slow than in the capillary

(VA << VB), further we designate VB¼V. This fact allows with

great accuracy to accept hc1 ¼ 0.

Based on the scheme in Fig. 1 for hc2 we can write [2,5].

hc2 ¼
�
xent þ l

[

2r

�
V2

2g
; (5)

where [ is the length of capillary, x - the hydraulic resistance

coefficient of entrance. Taking into consideration that the

flexible tube diameter is dt>> 2r, then with enough accuracy

we can admit that xent ¼ 0,5, l e the coefficient of hydraulic

friction resistance.

H ¼
�
1;5þ l

[

2r

�
V2

2g
: (6)

Taking into consideration the given above assumptions,

terms and conditions, from the equation (1) we get:

H ¼
�
1;5þ l

[

2r

�
V2

2g
(7)

Replacing the flow speed by its flow rate, equation (6) will

looks like:

H ¼ hQ2 (8)

where Q is effluent flow rate through the capillary tube, h-theFig. 1 e Test scheme.

Fig. 2 e Graph of the H ¼ f (Q) function.
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