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THEORETICAL JUSTIFICATION OF AN AUTOMATIC DEVICE
FOR DRILLING MUD FUNNEL VISCOSITY MEASUREMENT

Abstract. It is considered an installation for automatic measuring drilling mud funnel viscosity (a patent of the
Republic of Kazakhstan), involving a rotating table, carrying a funnel with a nipple at the end. At each rotary move-
ment the funnel passes through four positions: filling up with the measured liquid, measuring its funnel viscosity,
washing up and removing the traces of the liquid, evacuation of remaining water out of the funnel. Stopping the table
for carrying the measurement through and starting the time counter is affected by means of a located on the table
cam, opening a live electrical contact at the moment of the funnel running clean from under the liquid delivering
pipe. At completion of draining the liquid’s measured volume, a float inside the funnel, while sinking, stops the time
counter and restarts the table’s rotation. The movement of the table is controlled by time relay and starting relay. The
electrical signal of funnel viscosity is converted into digital form and conveyed to a control panel of the drilling
operator. Computer program representing a model of the funnel viscosity measurement process is worked out. The
funnel viscosity of a liquid is found as a sum of draining times of volumes of virtual cylinders, formed as a result of
dividing the liquid’s measured volume height into a certain number of equal parts, the virtual cylinder’s diameter
being taken as equal to the average diameter of the corresponding truncated cone. For each virtual cylinder the rela-
ted to the height of its position in the funnel hydrostatic pressure is represented as an equation, involving a sum of
two pressure drops: the first one, resulting from the flow contraction while moving down the funnel; the second one,
required for the flow’s passage along the nipple. On the second occasion, the accurate value of the hydraulic resis-
tance factor being unknown, it was determined by method of iteration, providing a stepwise approximation to it. For
each virtual cylinder the above mentioned equation made it possible to determine the liquid’s flow rate, and by it —
the velocity of its passing along the nipple and the velocity and the time of its level dropping in the funnel. The sum
of those times represents the liquid’s funnel viscosity. The model’s adequacy was successfully corroborated by way
of calculating the water index (15 s) of the standard flow meter BEP-2, basing on its geometrical dimensions. The
model was used for working out optimum values of the most important structural parameters of the installation for
automatic measurement of drilling mod funnel viscosity, including dimensions of the funnel — considerably reduced
as compared to the standard funnels, but with preservation or even raising the accuracy of measurements. It also
helped to find the minimum possible interval between the successive measurements, basing on establishing the
required time of each of the principal operations, performed at one full revolution of the table.

Keywords: drilling wells technology, drilling muds’ funnel viscosity measuring instruments, automatic
measurements, theoretic justification, computational mathematics, programming.

Introduction. Employees of the Drilling Technology and Machinery department have worked out a
concept of drilling mud [1.2] parameters measurement automatization, basing on use of a rotating table

[4]‘ As applied to the funnel viscosity, the automatic installation [3,5] is presented at the figure 1.

Driven by the synchronous motor 2, the rotating table 1 and the funnel 3 perform one measurement at
each revolution. To do that, the rotation is interrupted and a halt made. A second halt is made for washing
up the device. Intermittent nature of the table’s motion is effected by a group of relays 9 (time relay and
starting relay). The same as at the traditional appliance, the measurement is based on the time of draining
an appointed volume of liquid 4 out of the funnel 3 with a nipple 8. Before the measurement the funnel is
passing under the liquid supplying channel 13 and filled up with it to overflow. The “measurement”
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Figure 1 — An installation for the funnel viscosity automatic measurement

position corresponds to the moment, of the funnel getting clean from under the pipe 13, when the
incoming flow stops and remains only the outcoming one. At that moment a cam on the rotating table acts
upon the relay, which cuts the power supply of the electromotor, and at the same time starts a time
counter. During the measurement, together with sinking level of the liquid, sinks the installed in the funnel
float 5. At the moment, when the appointed volume V', of the liquid has left the funnel, the linked with the
float by the stem 6 cam 7 breaks the contact 12 and by doing that stops the time counter and resumes
rotation of the table. The signal of the funnel viscosity is supplied to analog-to-digital converter 10 and
after processing, appears on the display 11 in seconds. In a similar manner is the table’s halt effected,
when the funnel comes to the channel 14, supplying water in the “cleaning” position. The only difference
consists in the fact, that the time of that second halt is a constant one.

For the purpose of obtaining maximal technological and economic effect from the above described
device, theoretical and experimental research has been carried out. The liquid outflow time dependency on
the funnel’s geometry has been examined. Drilling muds have wide interval of funnel viscosities [1,2]—
from 16 up to 100 s and more. For reference viscosity, the viscosity of distilled water at the temperature
20+ 5°C has been taken. It is constant for any given funnel and for the standard measuring funnels equals
15 s — it is named the “water index”. The “water index” characterizes applicability of the funnel for
viscosity measuring. The task of the presented research involved studying influence of a funnel geometry
on its water index

In the process of liquid draining out of a funnel, under the hydrostatic pressure p of its column, two

kinds of resistance are overcome with two corresponding pressure drops [6,7]:
P=R7p +A,,, ¢
where A, — is the pressure drop on the flow, traveling through the funnel’s nipple; A,, — the pressure

drop, caused by flow’s contraction, while moving along the narrowing funnel.

80°
Ap = lpLﬁ; 2
where O — is the flow rate; p — the liquid’s density (1000 kg/M3 for water); A — the hydraulic resistance

factor, depending on the Reinolds criterion and the channel walls asperity; d — the pipe inner diameter;
L —its length.

An important circumstance in this context is the fact, that pressure drop A, is inversely proportional
to the fifth degree of d , and that diameter of the nipple 8 is very small as compared to the diameters of






