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Abstract: The aim of the studies was to test the hydraulic pressure losses along the
length, local pressure losses, absolute and relative roughness values  of the
pipeline walls made of modern polymer material.

The article presents the results of the experimental studies of hydraulic
resistance of pipelines from modern polymer materials, the method of theoretical
determination of resistance coefficients in the VALTEC ISO 21003 metal polymer
pipeline, the classification and method of determining the values  of local
hydraulic resistance coefficients of T-Junctions are given, the dependence for
determining the Darcy A hydraulic friction coefficient associated with the value of
the equivalent hydraulic roughness coefficient of the inner surface of pipes and the
Reynolds number.

The experimental data of the hydraulic coefficient of friction Darcy A was
compared with the known theoretical relationships of A.D. Altschul, Colbrooke for
smooth pipes, Colbrooke and White, an alternative to the Colbrooke-White,
Offengenden equation for low-shear pipes and pipes from polymer materials with
Reynolds numbers Re > 10*. Dependence of hydraulic coefficient of friction on
relative equivalent roughness of pipeline walls and Reynolds number, specific
energy loss per one linear meter on total flow rate in system of hydraulically short
pipeline is obtained.

The empirical dependence of values of coefficients of local resistance
(=f(Q2/Q3) from a ratio of the divided expenses of Q2/Q3 of the equal-pass T-
Junction «=90° the pipeline to a branch up, on pass in the direct T-Junction and
division of streams at various internal pipeline diameters of VALTEC.

Keywords: pressure loss along length, Darcy hydraulic friction coefficient, local
pressure loss in T-Junction, hydraulically short pressure pipeline, local resistance
coefficient, flow rate, Reynolds number, flow rate, absolute and relative roughness
of pipeline walls, turbulent flow mode.
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1 Introduction

When designing and hydraulic calculation of pipelines from modern
polymer materials, two types of head losses are taken into account:

» pressure losses along the length (water friction against pipeline walls);

* local head losses (overcoming resistance in pipeline fittings: in shaped
parts and pipe elements, in confusers and diffusers, in taps, turns and T-Junctions
(when mixing and separating flows), in check valves, ball valves, valves and other
elements.

The total hydraulic losses are expressed by the algebraic sum of the above
head losses. Friction losses are determined by theoretical formulas or as a result of
experimental studies. Local head losses are determined by reference or
experimental data for a particular local resistance. Hydraulic calculation of
pipelines from polymer materials requires taking into account a large number of a
number of placed elements in the pipe fittings, which cause the occurrence of total
local resistances. The kinematic structure of the flow behind these local resistances
iIs complex, which means that in calculations the use of reference data is not always
possible and correct.

In hydraulically short pipelines, quantitative head losses in local resistances
can be 10+15% from the total head losses.

The ubiquitous use of composite materials and new pipe manufacturing
technologies contribute to the widespread use of polymer pipes. Reduction of total
head losses along with accurate determination of their values is an urgent problem
during transportation of liquids by pipelines. In the hydraulic calculation of
pipelines of water, gas and heat supply systems made of polymer and metal-
polymer pipes, it is necessary to determine the value of friction losses and local
head losses.

The current state of the problem. The study of hydraulic resistances of
polypropylene pipes and fittings is devoted to the work of I.Cisowska, A.Kotowski
[1], experimental tests of head losses in plastic fittings, article T. Siwiec, D.

Morawski, G. Karaban [2], analysis of formulas for calculating head losses by
2
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length in article S.E.Kutukova [3], investigation of water supply pipeline head
losses during operation by A. Lal, D. Morawski, M. Chalecki [4] and others [26-
30].

The determination of head losses along the length is based on such a
parameter as the Darcy coefficient A determined by the Darcy-Weisbach equation
[5] and dependent on the value of the coefficient of equivalent hydraulic roughness
of the inner surface of pipes A,=k. and the Reynolds number. The value of
equivalent hydraulic roughness A,=k. can only be determined experimentally [6]. It
is not allowed to use in calculations the absolute roughness of pipes measured by a
profilometer, which is usually given in the manufacturer's certificate [7].

Friction resistance coefficients of polymer (plastic) pipes can be determined
by formulas proposed by J.S. Offengenden [10]. In most cases, plastic pipes are
small-haired (A,=ke < 0.03mm). The smallest absolute roughness is fluoroplastic
pipes, the largest is fiberglass and phaolite pipes. In plastic pipes, micro- and
macrovolarity is observed due to the technology of their manufacture. In the first
approximation with Reynolds numbers 5-10* < Re < 3-10° (with an error of up to
25% or more) for hydraulic calculation of plastic pipes it is possible to use the
formula Colbrooke [8], Colbrooke-White [3] or alternative to the equation
Colbrooke-White [9] with substitution of values of A,=ke. given in tables of
reference for calculations of hydraulic and ventilation systems [10]. For
polyethylene (unstabilized), fluoroplastic and polypropylene pipes the value of A,
is not determined, since for them the coefficient A can be found by formulas for
smooth pipes [10].

Tables of reference book [10] show data on the value of equivalent surface
roughness for polyethylene pipes equal to A-=Ke =0,007 mm (multilayer pipes for
water supply and heating systems with internal polyethylene layer). The sources

[10, 11, 12] give recommendations on the selection of equivalent roughness of the
inner surface of pipes made of polymer materials with roughness values of As=ke

20,01 mm, and copper and brass pipes with values of A3=ke >0 11 mm [11, 12].
3
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In the reference literature for plastic pipes (polyethylene, vinyl plastic), it is

recommended to take equivalent roughness values equal to the values for all-

stretched pipes made of brass, copper or lead (technically smooth) - As=ke
=0,0015+0,0005 mm. Polyethylene pipes (2-20 mm) A=0,003 mm [10]. According
to manual [7], the equivalent roughness of the metal polymer pipeline is -, which
makes them comparable in smoothness with new copper and glass pipes [7]. At the
same time, it is indicated that the roughness of steel and copper pipes increases
during operation, and in metal-plastic pipes this indicator remains unchanged for
the entire service period [7].

In a pressure head turbulent stream for Reynolds numbers Re = 10* + 10°
values of coefficients of local resistance ( depend generally on geometrical
characteristics of a stream, Reynolds number practically doesn't affect values of
these coefficients. According to the recommendations of A.D. Altschul for local
pipeline resistances in which flow narrows, with its subsequent expansion, the
auto-model zone begins with Reynolds numbers Re > 10* [14], therefore, in
copyright studies of losses on local resistances, auto-model by Reynolds number
took more 10*. Therefore, in the hydraulic calculation of the metal polymer
pipeline and its design, it is required to use the values of experimental coefficients
of local head loss and length to accurately account for losses, which is an urgent
task.

In T-Junctions of pipelines various scientists researched resistance: in Russia
the T-Junctions were investigated by A.D. Altshul, P.N. Kamenev, V.N. Taliyev,
S.1. Levin, A.M. Kurganov, P.G. Kiselyov and V.I. Kalitsun, M.M. Andriyashev,
as well as. E. Idelchik [10.15]. There are not many new publications in the
technical literature on the experimental determination of hydraulic losses during
the flow of Newtonian liquids [16-19]. Currently, researchers are most often
engaged in mathematical modeling of current structures using numerical models
[20-24]. There are a large number of experiments to determine the coefficients of

local resistance in various types of transfer and prefabricated T-Junctions, which

4
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were performed by V.P. Zubov, G. Vogel, E. Kinne, F. Peterman, A. Gardel, J.
Stigler [32], N.P. Costa [33], A. Li [34], F. Koka [35], and also in polypropylene
T-Junctions with defects was conducted by a team of researchers M. Kalenik, M.
Chalecki, P. Wichowski [36, 37]. The design of the T-Junctions is very diverse, the
studies were carried out as a result of the selection and comparison of the

resistance coefficients of the T-Junctions based on the classification below (Fig. 1).
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T-Junctions
Non-standard Standardized with industrial Standardized
branch nodes conventional design
Exhaust T-Junctions Normal shape plenum
(when flows merge) T-Junctions
(when splitting streams)
Improved i : - i
T- JEn ction %’T&i&:gﬁl Welded T-Junction T J\lljvri]fr?on
T-Junction of ductile smooth ta
cast iron on P
’ thread
T-Junction of normal form T-Junction of
(without rounding and improved
expansion or narrowing of shape
lateral branch or straight-
through expansion) T-Junction T-Junction direct
(smooth) equal-pass
rectangular industrial
section
T-Junction of T-Junction type
standardized design side branch
T-Junction
symmetrical shape
T-Junction with Sharp/smooth T-Junction
industrial design rotation on 90° branches conical
T-Junction T-Junction T-Junction
asymmetric with symmetrical shape normalized design
smooth taps per pass with sharp rotation
angles at
o= 15%:45°

Figure 1. Types of T-Junctions.
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In Russia, approximate methods of theoretical determination of local
resistance of T-Junctions used in water supply and ventilation are used, developed
by P.N. Kamenev, S.R. Levin, N.N. Verevkin, |.E. Idelchik [15]. When calculating
values from these formulas, values close to the values of these coefficients
determined experimentally are obtained.

Correction coefficients are used in formulas to connect theoretical values of
coefficients of local resistances and experimental resistances. As a result, the
theoretical determination of the local resistance coefficients of the T-Junctions is
the task of determining the values of these correction coefficients. Analytically,
the values of the correction factors are not determined, they are obtained only for
individual specific T-Junctions by comparing theoretical data and experimental
ones.

When considering approximate methods for calculating local resistance of T-
Junctions, the Bernoulli equations and the number of motion are used. Therefore,
the calculation formulas are quite similar to each other, and therefore the accuracy of
the results obtained by various methods is almost the same. However, the difference
in the methods of approach to determining resistances is different: the method of
applying losses is used or the method is used without taking into account the overlap
of losses in the T-Junction as a whole.

Due to the specifics of the studies, we will consider in more detail only
asymmetric T-Junctions (plenum) with an angle o = 90°, provided that the area

of  the side supply, direct passage and the prefabricated sleeve is equal

Data of experiments of V.A. Zyuban in the standardized T-Junctions of
pipelines of ship cooling systems showed that the value of coefficient of resistance
C T-Junctions practically doesn't depend on Reynolds number, and depends
generally on a ratio of expenses and a design of the T-Junction, however in work

[35] it was succeeded to determine dependences {=f (Re).
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Resistance coefficients of a T-Junction (supply) of the type F, +F, >F

F. =F of ductile cast iron on thread o= 90° are determined by formulas [10]:

Lateral branch:

Ap,
_ , 1
gc.ﬁ f / 2 ( )

see table and curves ¢, = f(%) with different % [10].

C n

— Ap6 — é/c.ﬁ
4/6 - ﬂNg /2 [(gél:cjz ’ (2)
Qc F6
Straight pass:
é,c.n - /]NLZ /2 ' (3)
Q b Fs
see table and curves ¢, = f(Q"J with different = [10].
J— Apn — é,c.n
4'1,()\Nj/2(1 Qng’ “
Q.

For T-Junctions of type F, +F, >F., F, =F, value A" see table 1.54 [10], and
K, is taken to be zero..

For T-Junctions of type F, +F,=F, value A =10, and K see table 1.55

[10].
Straight pass:
For T-Junctions of type F, +F, >F., F, =F (in limits W <10)
(=2 ©)
c.n ﬂNCZ/Z n QC

where 7, — reference data [10].
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2 Materials and Methods

Experimental metal polymer pipeline VALTEC ISO 21003 was installed in
the hydraulics laboratory RSAU-Moscow Timiryazev Agricultural Academy
(Fig.2), the pipeline was fixed with plastic ties to the base. The material and
diameter of the pipeline was chosen due to its resistance to salt deposits and
fouling with iron oxide during operation, as presented in work [4], as well as
widespread use in water supply, heating, soil heating systems, as part of pipelines
pumping non-aggressive liquids. Process pipeline consists of internal and external
layers of crosslinked polyethylene PEX, between which there is a layer of
aluminum foil and a layer of adhesive based on polyethylene.

Through the inlet pipe of the self-sucking pump Pedrollo JSWm 1SKh ejector
type and then through the outlet pipe, water entered the pipeline, which was
located along the laboratory next to the hydrometric tray. The individual sections
of the pipeline were combined by means of connecting fittings, the sections of the
metal polymer pipe were placed after a predetermined distance between the
fittings, which was selected taking into account the lengths of the influence of the
resistances, and laid along the entire length equal to 1=625d=10m.

Instrumentation was arranged taking into account the lengths of resistance
downstream of the pipeline and taking into account the characteristics of the
instrument. The pipeline accommodated VIEIR pressure gauges to record pressure
losses. The water flow rate was measured at the end of the experimental pipeline
according to two small sensors TS-2 the Streamlux SLS-700P portable ultrasonic
meter meter, the readings of which were recorded after some time of operation of

the pump.
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Figure 2. Pilot pipeline.
Research material. Pilot hydraulic testing of VALTEC PexbALO,3-Pexb
metal polymer pipeline.
Since the pressure flow entered the pipeline through the nozzle and the
pump elbow, it was therefore necessary to determine the length of the initial

section. The length of the initial section (stabilization) in the pipeline after the

10
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pump outlet nozzle in experiments was — 1=93,75-d =93,75-0,016 =15m, which is
more than the values of theoretical calculations according to the formulas of V.S.
Borovkov and F.G. Mayranovsky, E.A. Gizh.
Length of stabilization | section is determined by formula:
1 =0,693-d - Re¥*, (6)
For turbulent motion, the initial length of the section for all regions of
resistance can be determined by the formula of V.S. Borovkov and F.G.

Mayranovsky [13]:

0,52
I=d T ) (7)

According to the formula E.A. Gizh, the length of the initial section in the
pipes during turbulent mode depends on d, coefficient A and is taken into account
by the formula:

| =d-(0,45/1+8,7), (8)
where A — is the Darcy coefficient in a uniform flow.

Since the hydraulic coefficient of friction in the experiments took values
from 1=0,02052 to 0,02910 and changed within the Reynolds numbers

Re=10-10" =8,0-10* then | the formulae (6), (7) and (8) will be equal:
| =0,693-0,016-((1,0+8,0)-10*)"* =(0,11088+0,1864)m,

0,52
(0,02052+0,02910)

| =0,016- — (0,2859+0,4054)m,

0,45
(0,02052= 0,02910)

| = 0,016-[ +8,7j = (0,39+0,49)m .

Prior to starting and fixing measurements, the pump of the experimental
plant was operated for a period of time to ensure a steady (stabilized) flow pattern
of the pressure flow. Between the measurements, the duration of the experimental
plant was about 15-30 minutes before the start of steady flow, after which it was

possible to start recording the readings of measuring gauges and a meter.

11
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Procedure for calculation of experimental data:
In the pressure tube with diameter d and flow rate Q, the cross-sectional area

o and the flow rate of water VV were determined:

7Zd2
w:Ti (9)
vz%. (10)

In each series of experiments, the water temperature of the hydrometric tray
was measured with a thermometer. By measurements, the kinematic viscosity

coefficient of water and the Reynolds number were determined:

Re="d. (11)

14
where v — is the average flow rate, m/s; d — pipe diameter, m; o — the area of live
section of a pipe, m?; Q — water flow rate, m3/s; v — coefficient of kinematic viscosity,
m?/s (t°=14°+15°C).

According to the Darcy-Weisbach equation [5], friction losses were

calculated:
| v?
h, =h =iA-——, 12
W, | d zg ( )
where v — is the average flow rate, m/s; d — pipe diameter, m.
h,, =h =P P fiction head loss, m; 1 — length of pipe section between
A M~

pressure gauge readings (I=403d); g — free fall acceleration, m/s?.

By practical consideration the coefficient of local losses of a pressure { was
defined on length of the site of the pressure head pipeline with zones of influence
of local resistance (fig. 3) up and downstream. Head loss in T-Junction was
calculated by formula [13]:

V 2
h = 45, (13)

12
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where Vv — average flow velocity, m/s; hM=%—% — local head loss

(upstream and downstream in resistance influence zone, m), g — free fall acceleration,
m/s2.

P3
P ¥ L P2

L1 L
,—C b

Figure 3. Determination of local head loss in equal-pass T-Junction at flow
division at angle o = 90°.
3 Results and Discussion
In the results of experimental studies at different liquid flow rates in the
pipeline and the average flow rate, the statistical dependence of the hydraulic
13
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coefficient of friction on the dimensionless Reynolds number in the Re =
1-10* + 8- 10* interval was obtained and interpreted (Figure 4).

A=f(Re) in VALTEC pipeline

0.6
A
0.5
0.4
0.3
0.2

y-=0:2151x0-20

R2=10.9975
-
O T T T T
0 10000 20000 30000 40000 50000 60000 70000 80000 90000
®)\VALTEC at 20 deg. Ke =0,01mm and d=16*2,0mm Re

E)VALTEC at 20 deg. Ke =0,01mm and d=20*2,0mm
A\ for smooth pipes
®). experimental VALTEC PexbALO,3-Pexb 20+2,0 PN25 Class 5/10bar ISO 21003
X by the formula of A.D. Altshul Ke =0,007 mm and d=16*2,0mm
@ by the formula of J.S. Offengenden
A by the formula of Colbrook and White

Figure 4. Dependence of hydraulic friction coefficients A=f(Re).

Figure 4 shows the experimentally obtained points and values 1 = f(Re;%)

of the hydraulic coefficient of friction calculated according to the formulas of A.D.
Altschul [14], Colbrooke [6.8], Colbrooke-White [3] or alternatives to the
Colbrooke-White equation [9] and J.S. Offengenden [10].

In the range of Reynolds numbers in question, the most accurate coincidence
of experimental and theoretical values was obtained using the formula A. D.

Altschul. Theoretical values 4 = f (Re; %) calculated for the pipeline with relative

roughness A = % = 0,000583, A = % = 0,000438 and absolute equivalent

roughness A, = k., = 0,007 mm have the smallest discrepancy with experimental
14
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points. Theoretical calculation for polymer pipelines can be made according to
formulas of other researchers [26, 27, 28, 29, 30] using obtained values of absolute

and relative roughness of pipeline walls.

The error of hydraulic measurements was calculated according to GOST R
ISO [25]. The main hydraulic parameters defined in the experiment — hydraulic
coefficient of friction A and coefficient of local resistances , which are calculated
indirectly and require careful determination of errors of experimental data.

Formulas for determining the values of A and _:
lzZQ-ﬁ—z-dS-h-l‘l-Q‘z (14)
16 ' ’

4=g-%~d4~hM-Q-2, (15)

Systematic and random errors of the experimental value of the hydraulic
friction coefficient] and the coefficient of local resistances were calculated in the
work. In the formula for calculating the bias of the Darcy coefficient, the

parameters measured in the experience were substituted:

Bd Bhl BI BQ
Bﬁ:J_r/l-(S-d—+h—l+(—1)-l—+(—2)-6J, (16)

The random component of the Darcy coefficient error was calculated by the

formula:;

e GG e

The total relative error of determining the Darcy coefficient was calculated

using the formula:

e==

/ 2 2
% -100%, (18)

and with a confidence probability of 95% was +4,05%

15
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Systematic error of experimental value of local resistance coefficient:

B, =+ - 4-B—d+B“M+(—2)-i
¢ d  h, Q |, (19)

The random error component of the local resistance coefficient was

calculated using the formula:

6, =+ - \/42 [%djz n (;LJZ +(-2y (%‘?T (20)

The total relative error of determining the coefficient of local resistances

was calculated using the formula:

B 2 2
_%100%. (21)

D
Il
-+

and with a confidence probability of 95% was £3%.
As in article [4], based on experimental data, reliable statistical

dependencies of specific energy loss on consumption are obtained (Fig. 5).

Specific energy loss per 1

140000 linear meter AP, Pa/m AP:f(Q)
120000 /
y = 18384532065 / Y = 62694x2477]

100000 Rz =0.8976 R?=10.6903 ~

80000 / //

60000 /

40000 /

20000 -Y :sz"-)_ﬂgﬁg 91,87668 / y = 1590317497

0 L 11 o _I— Rz = 0,9967 Q; l/s

0 0.2 0.4 0.6 0.8
@®ke =0,0lmmatd =16 * 2,0 mm (by VALTEC tables)
Bke = 0,007mm at d = 20 * 2,0 mm (experimental data)
ke =0.01lmmat d =20 * 2,0 mm (by VALTEC tables)
®ke =0.007mm at d = 20 * 2,0 mm (Streamlux SLS-700P ultrasonic meter experiment)

1 1.2 14

Figure 5. Dependencies of specific energy loss AP, Pa/m per 1 linear meter of

pipeline on flow rate Q, I/s.

16


https://doi.org/10.20944/preprints202201.0382.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 25 January 2022 d0i:10.20944/preprints202201.0382.v1

Figures 6-7 show experimentally detected statistically reliable dependencies
of local resistance coefficients of T-Junctions in VALTEC pipeline with diameter
@l6mm and @20mm at flow division at angle o = 90° at Reynolds numbers
Re>10%

The author's experimental data (Fig. 6-7) on the coefficients of local
resistance of T-Junctions are obtained depending on the ratio of Q2/Q3 costs and
the constant design of T-Junctions, unlike the studies of the team of authors M.
Kalenik, M. Chalecki, P. Wichowski [35-37], which obtained local resistance
coefficients in welded polypropylene T-Junctions with a diameter of 13.2 mm with
various defects, resulting from the pressing of welded elements (fittings) against

each other. Author resistance values and data [35-38] obtained depending on

Reynolds numbers in the interval Re=1-10*+32-10* are higher than the data
values of D.C.Rennels, H.M. Hudson [39] used for designing water supply

engineering systems.

45 &=f(Q2/Q3)
' C y=1.142%% + 0.2744x + 2.443
4 . laias
3.5
3 — p— f— — I I I —
y =-1.0682x2 +1.738x + 2.3703
25 === —R2=0.9726
2 — e e
y=10.9961x2-1.1047x + 2.367
15 RZ=10.878
1
0.5
0 0Q2/Q3, /s
0 0.2 04 0.6 0.8 1 1.2

B T-Junction Straight Branch @20mm Direct T-Junction Pass @20mm
@ Flow division in T-Junction @20mm

Figure 6. Dependences (=f (Q2/Q3) of coefficients of local resistance of the direct
equal-pass T-Junction in the VALTEC PexbALO0.3-Pexb @16mm pipeline at
division of streams at an angle a=90° at Re>10*.
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¢=f(Q2/Q3)
5

y =0.7657x%+0.7956x + 3.1167

45 i = 1 N0047%2 + 1 77R0 4+ 2 ENED
. —y = L. OI94 TR T 11 T 0.9U9Z

4 / .

35 '

3 y =0.9659x% - 1.1116x +3.5265
o5 R?=0.9385

2
1.5

1

0.5

Q2/Q3, /s

0 0.2 0.4 0.6 0.8 1 1.2
@ T-Junction Straight Branch @16mm ¢ Flow division in T-Junction @16mm

0

# Direct T-Junction Pass @16mm
Figure 7. Dependences (=f (Q2/Q3) of coefficients of local resistance of the

direct equal-pass T-Junction in the VALTEC PexbALO0.3-Pexb @20mm pipeline at
division of streams at an angle a=90° at Re>10%.

The results of accuracy of hydraulic experiments were established according
to the requirements of GOST R ISO [25]. Experimental studies were carried out
under conditions of repeatability and reproducibility. Since the systematic and
random components of the error of determining resistance coefficients were
comparable, the total relative errors of the Darcy coefficient and local resistances
were calculated, which amounted to = 4.05% and = 3%, respectively (for a
confidence probability of 95%).

4 Conclusions

Based on the performed experiments, head losses along the length in the
VALTEC metal polymer pipeline were investigated and the statistical dependence
of the hydraulic coefficient of friction on the relative equivalent roughness of the
pipeline walls and the dimensionless Reynolds number in the number interval was
obtained and interpreted Re=1.10°+8-10*. Value of absolute equivalent and
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relative roughness of walls of VALTEC metal polymer pipeline is experimentally
determined. Experimental data are consistent with theoretical values calculated
using the formulas of A.D. Altschul, Colbrooke, Colbrooke and White, an
alternative to the Colbrooke-White and J.S. Offengenden equations for pipelines
from polymers at Reynolds numbers. For the first time, the value of hydraulically
equivalent roughness of the material of the inner walls of the VALTEC ISO 21003
metal polymer pipeline was obtained experimentally.

Empirical dependences of values of coefficients of local resistance (=f
(Q2/Q3) in equal-pass T-Junctions o = 90° are also received at division of a stream
of liquid depending on a ratio of expenses of Q2/Q3 in a branch up, on direct pass
and division of streams for internal pipeline diameters of VALTEC @16mm and
@20mm which will be coordinated with the known dependences presented in the
section introduction.

Experimentally certain dependences and values of coefficients of local
resistance of T-Junctions can be used at hydraulic calculation of local losses of a
pressure of knots of resistance in a zone of their mutual influence at each other, at
placement in a zone of influence of T-Junctions with local resistance such as:
confusors and diffusers of a connecting fitting, ball valves, T-Junctions, non-return
valves, gates, knee, branches. The obtained data will allow to calculate values of
coefficients of mutual influence of local resistance units, as well as to perform
optimal layout and arrangement of resistances at approach or their separation by
the relative distance I/d, as well as to take into account values of coefficients of
mutual influence in the zone of their intensive mutual influence when designing
and hydraulic calculations of pipeline systems using metal-polymer pipeline and
shaped parts of VALTEC valves.
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