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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 
movement the funnel passes through four positions: filling up with the measured liquid, measuring its funnel visco­
sity, 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 deli­
vering 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 related 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 resistance 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 ВБР-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 measure­
ments, 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 mea­
surements, theoretic justification, computational mathematics, programming.

In tro d u c tio n . Employees o f  the Drilling Technology and M achinery departm ent have worked out a 
concept o f  drilling mud [1.2 ] parameters measurem ent automatization, basing on use o f  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 m otor 2, the rotating table 1 and the funnel 3 perform one m easurem ent 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 o f  the tab le’s motion is effected by a group o f  relays 9 (time relay and 
starting relay). The same as at the traditional appliance, the measurem ent is based on the time o f  draining 
an appointed volume o f  liquid 4 out o f  the funnel 3 with a nipple 8 . Before the measurem ent the funnel is 
passing under the liquid supplying channel 13 and filled up with it to overflow. The “m easurem ent”

-------  37 -------

mailto:ratov.bt@gmail.com


Вестник Национальной академии наук Республики Казахстан

position corresponds to the moment, o f  the funnel getting clean from under the pipe 13, when the 
incoming flow stops and remains only the outcoming one. A t that mom ent a cam on the rotating table acts 
upon the relay, which cuts the pow er supply o f  the electromotor, and at the same time starts a time 
counter. During the measurement, together with sinking level o f  the liquid, sinks the installed in the funnel 
float 5. A t the moment, when the appointed volume VM o f  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 o f  the table. The signal o f  the funnel viscosity is supplied to analog-to-digital converter 10 and 
after processing, appears on the display 11 in seconds. In a similar m anner is the tab le’s halt effected, 
when the funnel comes to the channel 14, supplying w ater in the “cleaning” position. The only difference 
consists in the fact, that the time o f  that second halt is a constant one

For the purpose o f  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 o f  funnel viscosities [1,2] -  
from 16 up to 100 s and more. For reference viscosity, the viscosity o f  distilled w ater 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 “w ater index” . The “water index” characterizes applicability o f  the funnel for 
viscosity measuring. The task o f  the presented research involved studying influence o f  a funnel geometry 
on its water index

In the process o f  liquid draining out o f  a funnel, under the hydrostatic pressure p  o f  its column, two 
kinds o f  resistance are overcome with two corresponding pressure drops [6,7]:

P  ~  А  P1 +  А P 2 , (1)

where А P1 -  is the pressure drop on the flow, traveling through the funnel’s nipple; А P 2 -  the pressure 

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

А P1 = X pL  Ж -  (2 )
ж d

where Q  -  is the flow rate; p  -  the liquid’s density (1000  kg/м 3 for water); X  -  the hydraulic resistance 

factor, depending on the Reinolds criterion and the channel walls asperity; d  -  the pipe inner diameter; 
L  -  its length.
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An important circumstance in this context is the fact, that pressure drop А P1 is inversely proportional 

to the fifth degree o f d  , and that diam eter o f  the nipple 8  is very small as compared to the diameters o f  
the funnel itself. Therefore at the further consideration the part o f  А P1, related to the funnel, has been 
neglected; and only that o f  the nipple taken into account.

А P2 = P  28Q4 2 , (3)
ж d a

where a  is the factor o f  resistance to the flow contraction, which according to V. Simonov [7] in case o f  
a tapered junction to the nozzle is varying from 0.95 to 0.99. So the funnel was considered as a tapered 
junction to the nipple.

The hydrostatic pressure o f  a column with the height H  equals

p  = 9.81 p H  , (4)

Using formulae (2), (3) and (4); the equation (1) can be converted to

8Q 2 8Q 2 

Ж2d 5 P  n 2d 4a 2

From that the flow rate Q  can be found:

9 .8 1 p H  = X p L ^ -  + p - ^ r T  (5)

Q  = 9 8 1 Н Ж  (6)
8( XL  i 1 ) 
8 (d 5 + a d 4  )

In the process o f  funnel viscosity measurement, the column height H  is continuously decreasing, 
which affects Q . The same is true with relation to the measured volume V M o f  draining liquid, depending
both on H  and on the continuously narrowing diam eter o f  the funnel.

The problem was solved by means o f  computational m athematics methods [8 ]. A  program was 
compiled, whose algorithm is basing on parameters and considerations as follows:

-  The initial volume o f  the liquid in the conic funnel:

V  = F  * H / 3 ,  (7)
where F  -  is the area o f  the cone’s base:

F  = тЮ2 / 4  , (8)
where D  -  is diam eter o f  the base

-  The volume ratio (relative value o f  the m easured volume):

K v  = Vm  /  V , (9)

-  The geometrical similarity principle stipulates, that the linear dimensions o f  similar figures are 
related as cubic roots o f  their volumes. Conic shape o f  the liquid, filling the funnel, is similar to that, 
which remains there after the measured volume has drained out. Relative value o f  the remaining volume:

K R = 1 -  K v , ( 10)

In view o f  the aforesaid the drop o f  the liquid’s level H  M in the process o f  m easurem ent (see figu­
res 1 and 2 ):

H m  = H  -  H 3 K ) ,  (11)

-  H M (see the figure 2 ) was divided by virtual horizontal planes into n  equal sections. Thus, liquid 
in the funnel was divided into n conic elements numbed /', beginning with the upperm ost element, 
numbered i = 0 . The height o f  each elem ent (“the step”):

S  = H m  /  n  (12)
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-  Hereafter each conic elem ent was considered as a cylindrical one, whose diam eter equals m ean (as 
related to the elem ent’s height S) diam eter o f  the cross section o f  corresponding conic element:

D (i)  = D(1 -  S  /(2  H ) -  i * S  /  H )
The cross section area:

F (i) = TrD(i)2 / 4 ,

The volume o f  the virtual cylindrical element:

V  (i) = F  ( i)*  S

(13)

(14)

(15)

-  It was assumed, that volumes o f  the cylindrical elements and corresponding conic elements are 
equal. Obviously the approximation error is decreasing with the quantity n  o f  the elements.

-  For each element the corresponding height o f  liquid column

H (i) = H  -  S / 2  - S * i ,

-  The flow rate Q (i) in the process o f  draining each liquid element is found by the formula (6)

( 16)

Figure 2 -  Division of the funnel’s measuring volume VMinto n virtual cylinders

-  The corresponding speed o f  the liquid’s level dropping:

&h ( 0  = 4 Q (i) / (^ D  2(0 ) (17)
-  The corresponding time o f  level dropping within the limits o f  the element:

T  (i) = S  !&h ,)  (18)

-  The funnel viscosity o f  the liquid is the result o f  the summing up the values, related to all o f  the n
elements

(19)
n
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-  Initially factor Я in formula (2) was chosen, basing on general considerations. H owever in the 
program it is amended by iteration method. For that purpose, for each elem ent the velocity o f  the liquid 
traveling through the nipple 8 was found:

5 ( i )  = 4 Q ( i) / ( n d 2) (20 )

The corresponding Reinolds criterion:

R e(i) = 3 ( i ) p d  / v  , (21)

where v  -  is dynamic viscosity o f  the liquid
The amended value ЯС o f  hydraulic resistance factor was found by the formula o f  F.Shevelev [7],

relating to water, passing through smooth pipes with R e  < 106 :

ЯС = 0 .2 5 / R e 0226 (22 )

In a program loop the amended value o f  ЯС was put into formula (6) instead o f  a preceding one. At

each cycle o f  the loop difference between their values becomes sm aller and the loop ends, when it 
becomes negligibly small.

For verification o f  the algorithm and the program, calculation o f  w ater index o f  the standard funnel 
viscosity m eter ВБР-2 [2 ] was performed

Table 1 -  Description of the funnel of the ВБР-2 viscosimeter

# Name Value. # Name Value.

1 Height H  , m 0.232 7 Measured volume Vm  , m 3 0.0005

2 Level drop H m  , m 0.079 8 Volume ratio K V 0.714

3 Top diameter D, m 0.106 9 Hydraulic resistance factor Я 0.021
4 Nipple length L, m 0.100 10 Flow contraction factor a 0.99
5 Nipple diameter d, m 0.005 11 Virtual cylinders* number n **6

6 3
General volume V, m 0.0007 12 Cylinder height, m 0.013

* According to fig. 2.
** When the quantity n  of the virtual cylinders in the program was brought up from 6 to 50, the final result did not change. 
So from precision standpoint the n  = 6 is satisfactory.

The data o f  table 1 were entered into the program, and the sum o f level dropping times for all the 6 
cylinders (formula 19) was found equal 15 s, -  the same as in the ВБР-2 certificate

As compared to the traditional manual measurem ent the automatic measurem ent device involves a 
num ber o f additional elements, increasing its size, mass, and cost. So the possibility o f  their reduction was 
examined

Precision o f  m easurem ent is expressed by its relative error [9-17]
5  = А  /  A , (23)

where А -  is an absolute error, and A  -  m easured value.
O n the occasion under consideration A  is the water index, which traditionally equals 15 s. A t manual 

measurem ent the absolute error А is basically connected with subjective factors, such as timeliness o f 
starting and stopping the stop watch, overfilling or underfilling the measuring cylinder, correctness o f 
choosing the mud withdrawing place etc. In an automatic device all subjective errors are ruled out, which 
sharply reduces both А and 5  . It follows from the formula (23), that the same precision can be achieved 
for sm aller A  i f  is reduced proportionally to reduction o f  А . So, eliminating subjective errors , makes it 
possible to reduce the water index o f  the funnel and consequently the funnel’s dimensions, as well as 
dimensions o f  the whole automatic installation.

In table 2 descriptions o f  a funnel, with w ater index 10 s are given
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Table 2 -  Parameters of a funnel with water index 10

H
m

кЗ 
b

D
, 

m

L ,
m

d , 
m

V ,
m3 Я a T ,

s
0.1 0.034 0.106 0.04 0.005 0.00029 0.0002 0.714 0.021 0.96 10.0
43* 43 100 40 100 41 41 100 110 98 67

* Per cent of the corresponding data in table 1.

The table demonstrates essential reduction in dimensions o f  the funnel, as compared to those o f 
ВБР-2. H owever the internal diam eter d  o f  the nipple and the volume ratio Я are left intact.

It should be observed, that while using this funnel, it does not present a problem for the results o f  
measurements to be demonstrated on the display with coefficient 1.5 -  that is according to the 
conventional scale o f  funnel viscosity measurement.

Table 3 -  Modification of water flow parameters, while performing measurement 
by the funnel with water index 10 s (6 virtual cylinders)

i H(i),
cm

D(i),
cm

F(i),
cm2

V(i),
cm3

P(i),
Па

Q(i),
cm3/Mm

3 ( i)
m/s

(i) 
/s

<=* T(i),
s

Re (i) ЯС (i)

0 9.7 10.3 83.3 47,3 953 1350 1.15 0.0027 2.10 57000 0.021
1 9.1 9.6 73.9 42,0 897 1310 1.12 0.0030 1.92 55300 0.021
2 8.6 9.0 65.1 36,9 841 1270 1.08 0.0033 1.74 53600 0.021
3 8.0 8.4 56.8 32,2 785 1220 1.04 0.0036 1.57 51800 0.021
4 7.4 7,8 49.1 27,8 730 1180 1.00 0.0040 1.41 50000 0.022
5 6.9 7.2 42.0 23,3 674 1130 0.97 0.0045 1.26 48000 0.022

The table illustrates performance o f  the algorithm, used for finding a funnel’s w ater index:
-  In the course o f  the m easurem ent the height H  (i) o f  water column decreases from virtual cylinder 

num ber i to that o f  num ber i +1 according to formula (16) by the step S  -  formula ( 12). Proportionally 
to H (i) decreases cylinder’s diam eter D(i) -  formula (13) and hydrostatic pressure p ( i ) -  formula (4). 
Cross section areas o f  the cylinders -  formula (14), and their volum es- formula (15) are decreasing 
proportionally to H  ( i) 2

-  The flow rate Q (i) -  formula (6), and the velocity 3 ( i )  o f  the flow in the nipple -  formula (20), 

are decreasing in proportion to s jH  (i)

-  The speed 3 Н (i) o f  w ater level dropping is found by formula (17), which is similar to formula 

(20). H owever i f  in formula (20) the diam eter d  o f  the nipple is constant, while in formula (17) decreasing 
are both: denom inator D(i) and num erator Q ( i ) . As the rate o f  denom inator decreasing is smaller, than

that o f  numerator, the value o f  3 Н (i) (contrary to 3 ( i ) )  is growing.

-  After 3 Н (i) is found, the time T(i), o f  the level dropping within the limits o f  each cylinder is 
determined by formula (18).

-  The water index T  is found by summing up the T(i) -  formula (19),
-  The Reynolds criterion R (i) formula (21), related to the traveling through the nipple o f  the funnel 

water flow, is decreasing in proportion to 3 ( i ) ,  but that did not substantially affect the values o f  corrected 

hydraulic resistance factors ЯС (i) -  formula (22 ).

Basing on data o f  tables 2 and 3, the optimal parameters o f  the rotating table were determined:
Its radius

R  > 2 R f , (24)
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where R F -  is the outer radius o f  the funnel top.
The time o f  the tab le’s revolution consists o f  5 components (see the fig.3):

T  = T  + T  + T  + T  + T  (25)1R CL HCL DR FL ’
where THM -  is the time o f  halt for performing measurement; TCL -  the time o f  cleaning the funnel, while 

the table is moving; THCL -  the time o f  the special halt for cleaning; TDR -  the time for draining cleaning 

water out o f  the funnel; TFL -  the time for filling the funnel with measured mud

THM conventionally varies from w ater index 15 s to 100 s (the scale o f  ВБР-2 viscosimeter). For the 
considered funnel it corresponds to actual interval from 10 to 70 s;

TCL + THCL m ast guarantee elimination o f  measured mud traces in the funnel and its nipple. Meeting

that requirem ent depends m ostly on the cleaning water stream intensity. As for time, it is reasonable to 
make it equal to funnel viscosity o f  muds o f  high but not extremely high thickness W ith relation to the 
conventional funnels it can be taken for 60 s, ergo for the funnel under consideration it makes 40 s

TDR is time, needed for full evacuation o f  the cleaning water out o f  the funnel -  after the cleaning has 
term inated but before the filling with mud has started. The program for determining the funnel’s water 
index makes it possible to find precise value o f  that time too. For that K V =1 is entered in the program 

(formulae (9), (10), (11)).
TFL depends on diam eter o f  the mud delivering pipe.
The minimal tab le’s rotation period (with deduction o f  the time o f  its halts for measurem ent and 

cleaning) was found, basing on TDR time and the diagram on the fig 3.

I

Figure 3 -  Positions of the funnel on the rotating table

The table 1 is turning clockwise (see the arrow on the top).The diagram demonstrates mud 3 and 
water 4 delivery pipes positions with relation to the rotating table and the funnel 2. A t the diagram the 
funnel is situated at the position H M  - that o f  measuring halt. In that position the funnel has ju st left the 
interval F L  . Directly, after the measurem ent is term inated and the tab le’s motion resumed, it will enter 
the cleaning interval C L . In the middle o f  that interval the table makes a special halt for cleaning. After 
resumption o f  rotation, the funnel passes the second h a lf o f  the cleaning interval CL, draining D R  and
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filling F L  intervals, and finally accomplishes the revolution making a halt for performing a next in turn 
measurement.

The tab le’s rotation period (disregarding the halts)

TRP = T d -  3 6 0 ,  (26)
а

where а  is the angle corresponding to D R  interval on the fig 3 
As it follows from the diagram, that angle

а  = 360 -  4 (  , (27)

where angle (  is found by considering the a b c  triangle on the figure. Al the legs o f  the triangle are 
found directly from the diagram

a  = R f + r , (28)

where r  is radius o f  the mud and water delivery pipe (both pipes are alike).

b = R f (29)

с  =  2 R f -  r  , (30)
Hence according to geometrical rules

2 , t 2 2n ^c + b — a  ч
(  = a rccos(------------------ ) (31)

2cb
The maximal rotation frequency (rpm)

m  = 6 0 /  TRP (32)

Now to find the full time o f  the tab le’s revolution the formula (25) can be written as

TR = TRP + THM + THCL , (33)

Funnel m ud filling (as well as cleaning while moving TCL ) time

TFL = T d r- 2 (  (34)
FL 360

Table 4 — Descriptions of the rotating table for the funnel with water index 10 s

# Name Value Formula

1 Funnel’s top outer diameter D f , m 0.108

2 Funnel’s top outer radius R f , m , 0.054

3 Table’s diameter D t , m 0.216 24

4 Outer radius of mud and water delivery pipes r  , m 0.010

5 Measurement time TM , s, from -  to 10 -  70

6 Cleaning time ( TCL + THCL ) , s 40

7 Water draining time after cleaning TDW , s 16 6, 9, 17, 18, 19

8 Mud filling time, Tfm , s 3 34

9 Angle (  between vertical symmetry axis and H M 37 0 28, 29, 30, 31

10 Angle a  of D R  interval 212 0 27

11 Table rotation period (regardless the halts) , Trp , s 27 26

12 Table’s rotation frequency m  , rpm 2.2 32

13 Actual table’s revolution time Tr , s : from -  to 74 -  134 25
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C onclusion. A t the drilling technology department o f  Satpajev Technology Research University a 
method o f  drilling mud parameters measurem ent automatization, basing on application o f  a rotating table 
has been proposed; worked out principal details o f  the installation for automatic measuring the drilling 
mud funnel viscosity; according to the laws o f  hydraulics, and by m eans o f  the computation mathematics, 
a computer model o f  the funnel viscosity measuring process has been created; successfully performed 
verification o f  the m odel’s adequacy, by calculating the water index o f  a standard instrument for m easu­
rement funnel viscosity, basing on its geometrical dimensions; basing on the worked out computer model, 
for the purpose o f  reducing dimensions and costs o f  the installation for drilling muds funnel viscosity 
automatic measurement, optimal values o f  its principal parameters are established.
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Б¥РГЫ ЛАУ  ЕРШ НД1С1НЩ  Т¥ТК;ЫРЛЫ ГЫ НЬЩ  Ш АРТТЫ ЖАГДАЙДА 
АВТОМАТТЫ ТУРДЕ вЛ Ш ЕУ ДЩ  ГЫ ЛЫ М И ДЭЛЕЛДЕНУ1

Аннотация. Айналмалы Yстелге орнатылган тYтiкшесi бар к¥йгыш аркылы б^ргы ертндганщ  шартты 
тугкырлыгы елшенетш автоматты кондыргы карастырылады (Казахстан Республикасыныц патенп). Эр бiр 
айналыста к¥йгыш терт жакты етедг толтырылган елшенетш ерiтiндiмен, онын тугкырлыгын елшеу, е р т н - 
дшщ калдыктарын жою, к¥йгышка толтырылган суды жою. 0лшеудi журпзу Yшiн Yстелдi кою жэне уакыт 
елшепшп косу к¥йгыштын ерiтiндi келетш тYтiкшеден шыккан кезде Yстелде орналаскан тепкп  эрекетке 
келтру нэтижеанде калыпты т^йык байланыстыргыш аркылы орындалады. Е ртндш щ  елшенетш келемi 
аякталганда, к¥йгыштагы калкыма темен тYседi уакыт есептегiштi ешiредi жэне Yстел айналымын жанадан 
орындайды. Yстел козгалысын уакыт релесi жэне коскыш реле баскарады. Электiрлiк елшегiш сигналдар
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сандык тYрге ауысады жэне б¥ргышынын табло пультына жiберiледi. К^йгыш к¥рал кемепмен шартты 
т¥ткырлыкты елшеу процессiнiн математикалык моделi жасалган , компьютерлiк багдарлама к¥растырылган. 
С¥йыктыктын шартты т¥ткырлыгы виртуалдык цилиндiрдiн агу уакытынын жиынтыгымен аныкталады. 
Аныкталган тендей белшектердiн саны с¥ыктыктын елшенетiн келемiнiн кысымы аркылы пайда болган, 
вертуалдык цилиндiрдiн диаметрi кесшген конустын сэйкестендiрiлген ораша диаметрiне тен. Эрбiр вир- 
туалды цилиндiрдiн онын гидростатистикалык кысымынын сэйкес биiктiгi с¥йыктыктын кысымын ек1 рет 
жогалткан тендж тYрiнде керсетiлген: бiрiншiден к¥йгыш бойымен козгалыс кезiндегi онын кысылган агым- 
нын нэтижесiнде жэне екiншiден онын ¥шындагы тYтiкше аркылы етуiнде. Ен сонгы жагдайда гидравли- 
калык кедерпнщ накты коэффициентi онын шынайы белпсш камтамасыз ететiн инерция эдiсiмен аныкта­
лады. Эрбiр виртуалды цилиндырга алынган баскару с¥йыктыктын шыгымын жэне сонымен бiрге онын ¥шы 
бойынша жылдамдыгын, к¥йгыштагы денгейiнiн тYсуiн жэне тYсу уакытын аныктауга мумкшдш бердi. Б¥л 
уакыттардын жиынтыгы с¥йыктыктын шартты т¥ткырлыгын бередi. Yлгiнiн д¥рыстыгы ВБР-2 шыгын елше- 
гiшiнiн геометриалык елшемдер непзщде жаслган к¥йгыштын су санын (15 с) елшеу аркылы дэлелденген. 
Yлгi б¥ргы ерiтiндiлерiнiн шартты т¥ткырлыгын автоматты тYPде елшейтiн кодыргынын онтайлы конструк- 
тивтi параметрлерiн жасауга колданган, елшейтш к¥йгыштын елшемiн онын елшеу д эл д тн  сактап калу ар­
кылы кiшiрейту карастырылган, сонымен бiрге Yстелдiн толык бiр айналымы кезiнде елшемдердiн мини- 
малды мYмкiндiгi карастырылган.

ТYЙiн сездер: ¥нгыны б¥ргылау технологиясы, б¥ргы ертндш ердщ  шартты т¥ткырылыгы, елшеу 
к¥ралдары, елшеудi автоматтандыру, теориялык негiздеу, сандык математика, багдарламалау.
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НАУЧНОЕ ОБОСНОВАНИЕ РАБОТЫ  АВТОМАТИЧЕСКОГО ИЗМЕРИТЕЛЯ УСЛОВНОЙ
ВЯЗКОСТИ БУРОВОГО РАСТВОРА

Аннотация. Рассматривается устройство для автоматического измерения условной вязкости бурового 
раствора (патент Республики Казахстан), включающее поворотный стол с установленной на нем воронкой с 
трубчатым наконечником. При каждом повороте воронка проходит четыре положения: наполнение измеряе­
мым раствором, измерение его вязкости, промывка с удалением следов раствора, удаление заполняющей 
воронку воды. Остановка стола для производства измерения и запуск счетчика времени происходит под 
воздействием на нормально замкнутый контакт расположенного на столе кулачка в момент выхода воронки 
из-под подающей раствор трубки. При завершении истечения мерного объема раствора, находящийся в 
воронке поплавок, опускаясь, отключает счетчик времени и возобновляет вращение стола. Движением стола 
управляют реле времени и пусковые реле. Электрический измерительный сигнал преобразуется в цифровую 
форму и подается на табло пульта бурильщика. Составлена компьютерная программа, представляющая со­
бой математическую модель процесса измерения условной вязкости с помощью мерной воронки. Условная 
вязкость жидкости определяется как сумма времен вытекания объемов виртуальных цилиндров, образован­
ных в результате деления высоты мерного объема жидкости на определенное число равных частей, причем 
диаметр виртуальных цилиндров принимается равным среднему диаметру соответствующего усеченного 
конуса. Для каждого виртуального цилиндра соответствующее высоте его положения гидростатическое дав­
ление представлено в виде уравнения, как сумма двух потерь давления жидкости: во-первых, в результате 
сжатия ее потока при движении вниз по воронке и, во-вторых, при ее прохождении через трубчатый наконеч­
ник. В последнем случае точное значение коэффициента гидравлических сопротивлений определяется мето­
дом итераций, обеспечивающим последовательное приближение к его истинному значению. Для каждого 
виртуального цилиндра упомянутое уравнение позволило определить расход жидкости, и по нему -  скорость 
ее движения по наконечнику, скорость опускания ее уровня в воронке и время опускания. Сумма этих вре­
мен и дает условную вязкость жидкости. Адекватность модели подтверждена путем вычисления водного 
числа (15 с) воронки серийно выпускаемого расходомера ВБР-2 на основании ее геометрических размеров. 
Модель использована для разработки оптимальных значений важнейших конструктивных параметров уста­
новки для автоматического измерения условной вязкости бурового раствора, включая размеры мерной во­
ронки -  существенно уменьшенные, по сравнению с серийно выпускаемыми воронками, при сохранении и 
увеличении точности измерений - , а также минимально возможный интервал между последовательными из­
мерениями -  на основе установления необходимого времени каждой из основных операций, осуществляемых 
при одном полном обороте стола.

Ключевые слова: технология бурения скважин, условная вязкость буровых растворов, измерительные сред­
ства, автоматизация измерений, теоретическое обоснование, вычислительная математика, программирование.
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