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The socio-economic importance of drinking water supply is one of the important
foundations of the infrastructure life support system. For the stable operation of the water
supply system, it is necessary to have an established structure for determining the supplied
costs. The method of recording water consumption from two water pipes using water meters
operating independently of each other will ensure accurate measurement of water consumption
in two parallel water pipes operating under different pressures.
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Introduction

Water is often thought of as an infinite resource that can be replenished over time, so it
tends to take a backseat to energy conservation when it comes to green building certification.
Water shortages and outages in the world’s major cities, serve as a stark reminder of the
importance of conserving potable water. Addressing water efficiency involves a comprehensive
approach to reducing water use from indoor water use to outdoor water use and other
specialized uses [1].

Formation of real water consumption standards has important socio-economic
significance. Establishing actual values of drinking water consumption by the population taking
into account the physiological minimum, social and hygienic needs allows in practice to justify
water consumption standards for cities and towns, establish the amount of payment for water
supply, plan the volume of water sales for water supply organizations, and also forecast income
and expenses. The value of water consumption standards depends not only on the costs of
operating water supply systems, but also to a large extent on the reliability and quality of water
supply to the population [2].

Conflict setting

The task is to develop a method for recording the consumption of water taken from
water pipes using water meters that operate independently of each other in the case of
communication between two water pipes of different pressures.

Research Results
Let's consider a water supply system consisting of independently operating main water
pipes 1P and 2P, each of which provides water supply with outlets Qo1 and Qoz, respectively,
in territories I and 11 subordinate to it (Fig. 1).

Fig. 1. Hydraulic system diagram
1- valve, 2-pressure gauge, 3-pressure gauge

The valve performs two functions: a) discharge of water from outlets Qo1 and Qo of the
intake for consumers in zones | and 11, and b) dewatering of the consumption system in case of
an accident.
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Since the water pipes 1P and 2P operate independently of each other, the amount of water

taken from each of them is recorded by a separate water meter.
The pressure gauge performs a control role.

Please note that the flow rate on the water pipes serving the areas will vary depending on
the time of day if they do not have daily regulating pools.

Often, for various reasons, a pressure drop may occur in one of the water pipes, as a result
of which the power supplied to consumers under its control decreases compared to the
regulatory demand for water. In this case, they turn to the problem of creating a more complex
water supply network, the main idea of which is to supply consumers with an additional outlet
from one of the water supply lines.

In the hydraulic system under consideration, this idea is implemented using a pipeline AB
connecting the water supply lines to each other, the diagram of which is shown in Fig. 2.

The equipment of the pipeline AB with devices for measuring and adjusting the direction
of liquid movement, shown in Fig. 2, is due purely to the problem of measuring water, taking
into account that the sensors work independently of each other, that is, the current passing
through one sensor is not recorded in the other sensor.

In the pipeline AB connecting the water pipes, there are two possible cases of outlet
distribution: one of the water pipes supplies.

1) feeds consumers of two territories and another water supply system; and

2) to consumers who are subordinate to him, and partially to consumers of another.

Let's assume that in the section behind valve 1 of the left water supply line, the bend is

p1, and in the right water supply line it is p2 and, P > P,.-

Obviously, due to the difference Ap=p, - P2 the direction of fluid flow in the AB
tube will be from left to right.:

Fig. 2. Hydraulic system diagram
1-valve, 2-water meter: 3 - Pressure gauge, 4-check valve, 5 - check valve,
6-main pipe for consumers, 7-auxiliary water meter
= P,
>

if p; > p, check valve open
if p; < p, check valve closed
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Let's discuss the above case 1 of water distribution, specifying the channel and clarifying
the issue of water measurement.

1) The outlet Q1p, taken from the water pipe 1P, passes through valve 1, is recorded by
the water meter 2, feeds consumption in zones | and Il through outlets Q1 and Q2 and the water
pipe 2P.

Therefore

Qp =Q +Q, +Qyup

It turned out that the water supply 1P serves the water supply of two districts, and the
process is carried out through the ACDFB channel, and the amount of water taken from the
water supply 1P is recorded only by the left water meter.

The amount of water supplied to the water pipe 2P is recorded by the auxiliary water

meter of the bypass line of the DFP channel (7), since the pressure pp at point D of the water

pipe AB is greater than the pressure of the water pipe 2P, which determines the amount of water
that has already been recorded.

It should be noted that with such a hydraulic regime, the estimated water demand in two
territories is not satisfied (Q1< Qoz, Q2<Qo2), and the process of implementing water supply is
a purely temporary situational solution.

If the pressure in the water supply 2P, p2, exceeds the pressure in the water supply 1P, p1,
then the water flow is carried out in the opposite direction to the previous one through the
BDCEA channel, and the amount of water taken from the water supply 2P is recorded only by
the right water meter.

If the direction of fluid flow through the pipeline AB is from left to right, the check valve
5 of the CEA bypass line on the left side is closed, and the check valve 5 on the right side is
open.

Obviously, when moving in the opposite direction (from right to left), the check valve 5
is closed on the right side and open on the left side.

Theoretical justification of the suge case (line 1P feeds line 2P or vice versa) it is
expressed by the following dependencies’®

P — Py
- hACDFB >0
A , the direction of movement is from left to right

and

P, — Py

- hBDCEA >0
, the direction of movement is from right to left,
where h is the total pressure loss in the channel corresponding to their indices.

Now let's look at the 2nd case, which is the most common with the problem of measuring
water: one of the water supply lines partially feeds part of the water intake operated by the
other.

2) assume that the water pipe 1P feeds part of the mQ. (0<m<1) Q: outlet of the water
pipe 2P. In this case, the supply outlets of the water pipe will be’
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QlP = Ql + sz,
sz = (1_ m)Qz :

The channels for the supply outlets of water pipes 1P and 2P will be sections of the ACM
and BDM pipelines AB, respectively, since the check valves (5) on the left and right sides of
the system closes.

It is clear that the outlets from the water pipes 1P and 2P are registered by water meters
on the left and right sides, independent of each other.

The pressure HM is set in section M of the pipeline AB.

Therefore, the design pressures in the ACM and BDM sections of the AB pipeline will
be respectively.

P Y )
HACM:_l_HM7 HBDM:Ef_HM'
According to the Bernoulli equation, we have
P Y
;_hACM :_Z_hBDM’

where hacw is the pressure loss in the ACM channels and hgpw is the pressure loss in the BDM
channels when released to the outputs Qip and Q2p, respectively.

Thus, the proposed scheme of the system shown in Fig. 2 is suitable for the two hydraulic
modes under consideration from the point of view of correct accounting of discharges removed
from water pipes using water meters operating independently of each other.

Conclusion

The method of recording water flow from two water pipes using water meters operating
independently of each other will allow for accurate measurement of water flow in two parallel
water pipes operating at different pressures.
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wuhpwdbown £ dunwlwpwpynn Giptph npnadwt huwpwynpnie)niu:

Uhdjwughg  wuluwfu gnpdnn opwswihtipny  tinynt 9pwqdtiphg  Japgynn  Lipbinh
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hwnnpnwygdwu wwjdwunid wwywhnyb| Gogphwn opwswthnipniu:

Pwtnugh pwnbip. 9nip, Gugnud, hwlwnwnd Ywthnyp, opwswth:

METO/I YYETA PACXOJIA BOJIbI U3 IBYX BOJOMPOBOJIHBIX CETEM C
NCITOJIB30OBAHUEM BOJOCYETYUKOB, PABOTAIOIIUX
HE3ABUCHUMO JPYT OT APYTA

A.S1. Maprapsn®, 1.B. Manosn®, 3.B. Apanecsin?, JI.B. Tokmamxsan®
YUnemumym 600mnwix npobnem u 2udpomexuuxu um. akademura M. B. Ecuazaposa
2Hayuonanvolil yHu6epcumem apxXumexkmypol u cmpoumenbcmea Apmenuu
SHayuonanenuiti nonumexnuueckuil ynusepcumem Apmenuu

ConmaibHO-3KOHOMHUYECKOE 3HaYeHHE MUTHEBOT0 BOJOCHA0KEHHUSI SIBISIETCS OJTHOM U3
Ba)XHBIX OCHOB MH(PACTPYKTYypHOU CHUCTeMBI ku3HeobecnieueHus. [ crabuiabHON paboThI
CHUCTEMBI BOJIOCHA0KEHUS HEOOXOOUMO HMETh HAJIAXKECHHYIO CTPYKTYpY OIpe/eeHus
MOCTaBJISIEMBIX pacxo/ioB. MeTosa yuyeTra pacxoia BOJABI U3 JIByX BOAOIPOBOJOB C MOMOIIBIO
BOJIOCYETUMKOB, pabOTaIONIMX HE3aBHUCHUMO APYT OT Apyra, 00ecrneyuT TOYHOE HU3MEpEeHUe
pacxoza BOJbI B ABYX BOJIONPOBO/IaX, pabOTAIOIIMX O/ Pa3HbIM JaBICHUEM.
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