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Abstract. The fuel economy, which provides acceptance, storage, preparation and supply of
the necessary amount of fuel oil for its combustion in boiler furnaces, is one of the energy-
intensive technological subsystems of thermal power plants and boiler houses. The design of
new technological pipelines and the modernization of existing pipeline systems for transporting
fuel oil involves hydraulic calculations. Generally accepted in practice is the hydraulic
calculation of pipeline lines based on the flow continuity equation and the Bernoulli equation
for a real viscous liquid, which takes into account the pressure loss due to friction and to
overcome local pipeline resistances. With this approach, hydraulic calculation is a multi-
variant task, since there are an infinite number of combinations of parameters pipeline diameter
- pressure drop, which are not equal from both economic and technical points of view.
Research of literature sources has shown the feasibility of conducting hydraulic calculation of
pipe-wire lines on technical and economic indicators. As a criterion for optimization of
technological pipelines, the total annual costs for the creation and operation of the pipeling,
which are a linear superposition of capital and operational costs, are proposed. The paper offers
calculation relations for determining the optimal diameter of the pipeline from the condition of
minimum total annual costs for its creation and operation, taking into account current prices
and tariffs for the pipeline and electricity, pipeline tracing, conditions of its operation, as well
as the properties of the transported medium. On the example of a hydraulic installation for
pumping fuel oil, computational experiments were performed to assess the influence of the
pipeline diameter on its technical and economic indicators and determine the optimal
parameters of the fuel oil pipeline.

1. Introduction
An important constituent in providing of the vital activity for the infrastructure objects is their on-time,
regular and efficient supply with electric power and heat.

The sources of heat supply for the objects of infrastructure are heat power plants (HPP) and boiler
plants representing interrelated complex of means providing transformation of the chemical energy of
the fuel into the heat energy with its further delivery to a customer [1].

One of the kinds of the liquid power-containing fuel is black oil fuel (mazut) produced as a result
of oil refining. According to GOST 10585-99 the following ranks of the fuel oil are defined in a de-
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pendence of its viscosity: bunker fuel F5 and F12, fuel oil M40 and M100. Bunker oils are referred to
the light fuels class, fuel oil of M40 rank is referred to the class of light fuels while fuel oil of M100
rank is considered as heavy oil fuel.

Fuel oil at HPP and boiler plants are utilized as the main fuel (if it is impossible to supply natural
gas) as a reserve supply or emergency supply of the fuel in case of the restrictions or loss of the gas
supply.

One of the power-consuming technological sub-systems of HPP and boiler plants is their fuel oil
enterprise providing take-over, storage, preparation and supply of the required amount of the fuel oil
for its combustion in the boiler furnaces [1, 2]. Fuel oil enterprise is a complex of buildings, reservoirs
for taking-over and storage of the fuel oil, equipment for its thermal and mechanical treatment (vapor
satellites, stationary heaters, filters), as well as fuel oil pumping facilities, connected with fuel oil lines
interconnected with hydraulic pipe-lines. The latter ones are characterized by significant extension and
branching, complicated spatial configuration, presence of a great number of local resistances (stoop
and control valves, strainers, offsets, tee fittings, etc.).

Operating costs for the maintenance of the fuel oil enterprise comprising of more than 9% of the
boiler’s load involves electric power cost required for the driving of pumps for dispensing of the fuel
oil over the fuel line, driving of circulating pumps used for heating of the fuel oil in the reservoirs dur-
ing its storage, driving of equipment applied for the drain operations, for heating of the fuel oil in the
heaters and for spraying of the oils in the boiler’s furnace burners [1, 3].

When designing and building of the new HPP and boiler houses as well while modernizing of the
fuel oil enterprises for the operating heat-generating objects it is necessary to account for the capital
expenditures invested for erecting of the buildings utilized at the fuel oil enterprise and fuel oil lines.
In its turn, expenditures for the development of HPP and boilers fuel oil lines are associated with their
lengths and diameters, the adopted scheme of supply of the liquid fuel to the boilers and they are de-
termined basing on the listed prices for the pipe-lines, stop and regulating valves, and adapter fitting.

According to the Power Energy strategy of Russian federation up to 2030, non-realized potential of
organizational and technological energy savings for the moment of its development was of about 40 %
of the total amount of internal power consumption, while the ratio of electric power engineering was
estimated as 13 — 15 %. A part of this reserve could be recovered by the employment of the fuel oil
enterprises.

One of the ways to increase power efficiency of the HPP and boilers at the fuel oil enterprises is a
decrease of the heat and electric power expenditures for auxiliaries due to incorporation of the innova-
tive power-saving technologies, equipment for their realization as well as organization of the optimal
operation modes for the machinery and equipment at the fuel oil enterprises [3, 4].

Measures directed for the increase of efficiency in the use of heat energy consumed for the mainte-
nance of the fuel oil enterprises are well known and they are presented in the disciplinary literature [1 -
6].

Reduction of electric power expenditures for driving of the pump statins is achieved due to a de-
crease of pressure produced by the pump that is equal to the pressure losses during fuel oil pipe-line
transportation. It is facilitated by the choice of the optimal parameters of the pipe-line (diameter, ex-
tension, spatial configuration), the use of stop and regulating valves with a less hydraulic resistance,
improvement of the fuel oil operative and rheological parameters by using of its heating and applying
of additives [2, 5, 7].

Losses of pressure in the pipe-line (implying a required pressure that should provide the pump) are
most sensitive to the changes in the pipe-line diameter. Thus, according to Gagen-Poiseuille formula
[7],creas laminar flow of the Newton fluid with invariable volume flow rate in the channel with circu-
lar cross-section an increase of the pipe-line diameter by two times results in a reduction of the pres-
sure fall at the pipe ends by four times. This provides a decrease of the power consumed by the pump
by four times as well. Other ways for reduction of the energy output for the process of the fuel oil
transportation by the fuel oil line (reduction of the local hydraulic resistance, decrease of the fuel oil
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viscosity by its heating and the use of additives) result in a less considerable reduction of power inputs
for the fuel oil transportation.

Thus, the problem of increase of utilization efficiency of the heat energy consumed for mainte-
nance of the fuel oil enterprise represents complex, multiple-choice techno-economic task and one of
the most important stage in it is the performance of hydraulic calculations for the fuel oil lines apply-
ing additional indicators for the economical estimations of the proposed variants.

In the common case hydrodynamic computation of the pressure pipe-lines is performed numerical-
ly basing on the continuity equation and Navier-Stokes equation, in addition with the equations of
convective thermal conductivity and the state of the moving medium [8], that provides certain difficul-
ties.

However, using the assumptions on isothermal, stationary and incompressible flow of the moving
medium the initial task is reduced to the performance of hydraulic calculations according to the equa-
tion of the flow continuity and Bernoulli equation for the real viscous liquid which takes into account
pressure losses due to the friction and surmounting of the local resistances in a pipe-line. This ap-
proach is realized as a common one both in the native and foreign practical implementations while
performing hydraulic computations for the technological pipe-lines and it encompasses solution of
three practical problems: determination of the pipe-line diameter, determination of the pressure fall in
the pipe-line and estimation of its capacity [1, 7, 9].

Hydraulic calculations for the complicated pipe-lines with the branchings, rings, parts with differ-
ent diameter and so on are performed using graph theory techniques and electro-hydraulic analogy [1,
10].

Capabilities for numerical simulation of the pipe-line systems with a complex structure make it
possible to consider heat-mass exchange, chemical and biochemical processes proceeding in the pipe-
line systems as interrelated ones, to simulate operation modes and to choose their optimal construction
and operative parameters [11-14].

One of the problems in the routine hydraulic calculations is the task of determination of the pipe-
line diameter and pressure losses within the line of predetermined layout under invariable volume flow
rate [1, 7, 9].

With such approach hydraulic calculation is a multi-variant task since there is an infinite set of pa-
rameters combinations of the pipe-line diameter — pressure fall thus enabling the pumping of trans-
ported fluid with a pre-defined fluid flow rate. One should note that the variants are of unequal value
both from economical and technical viewpoints.

For example, on the one hand when the pipe-line diameter decreases its cost and steel intensity are
reduced (implying capital costs) but under defined fluid flow rate and, as a result, the losses of pres-
sure for its transportation in the pipe-line grow. In order to provide a greater pressure in the pipe-line
more powerful hydraulic pump is required to be mounted and this result in a higher electric power
consumption. Hence, reduction of the capital costs for the development of the pipe-line system by a
decrease of its diameter results in a rise of cost price of the pump assembly and in an increase of ex-
penditures for the employment of the pipe-line system.

On the other hand, fluid transportation over more expensive pipe-line made from the tubes with a
diameter more than the nominal one requires less than electric power cost for the driving of pump as-
sembly.

Consequently, the choice of the pipe-line diameter should be justified as from the technical as from
epy economical point of view. Obviously, there exists some optimal diameter of the pipe-line that cor-
responds to the minimal total of expenses for construction of the technological pipe-line and pumping
of the fluid.

In order to solve this problem of optimization it was proposed a great number of techno-
economical criteria different from each other by their complexity, a greater detail and the number of
the accounted economic and technological indicators. However, a common issue for all of the criteria
is the account of the maintenance charges associated with the expenses for the electric power con-
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sumption in order to drive the pump (expenses for the pressure fall) and capital costs due to the pipe-
line cost [15, 16].

As an example, it should be noted the works [17-20], where indicator of the aggregate discounted
costs is applied as a criterion of optimization. In [21-23] optimization of the pipe-line parameters by
the electric power expenditure consumed for the pump driving is presented. When performing optimi-
zation of parameters for the cryogenic pipe-lines as optimization criteria authors of [24, 25] used loss
power of hydraulic and thermal losses. The use of a study technique for the parameters space made it
possible to find Pareto-optimum solution. To minimize material costs for the air-ducts of ventilation
systems authors of [26-28] used dynamic programming allowing to sequentially determine optimal
diameters of the parts in the ventilation systems for the given values of pressure and airflow consump-
tion. The choice of the optimal diameter for the pipe-line was proposed in [29] for centralized heat
supply network consisting of the offsets and rings with the use of graphs theory and minimization of
the costs.

Thus, computation of the fuel oil diameter and losses of pressure in the pipe-line utilizing techno-
economic indexes is an actual problem directed at the reduction of the costs for the development and
employment of the fuel oil line and increase of the power efficiency for the fuel oil enterprises of
HPPs and boiler-houses.

2. Theory of the work

Let us use the total annual costs F, rubl./year for the development and operation of the fuel oil line as a
criterion of techno-economic optimization which prove to be a linear superposition of the capital C,
rubl., and operational O, rubl., costs [15, 16]

F=C+0. Q)

Capital costs C, rubl./year can be presented in the first approximation as the expenditures for the
fuel oil line development which are proportional to its overall dimensions (diameter and length), list
price and related to one-year operation of the fuel oil line

K=f,, (D)L, @)
where L — is a total line of the fuel oil line (it involves the length of all its horizontal and vertical
parts), m; f,, (D) — is a regression equation approximating the price list data on the cost of pipe-line

in a dependence of its diameter. The value of f,, (D) represents the price of 1 running meter of the

pipe-line with a diameter D and thickness of the pipe wall 6, mm.
Linear dependence for the approximating function f,,, (D) is recommended in [30]

fmp (D)=2D, ©)

where a — is a regression coefficient, rubl./m?; D — id the pipe-line diameter, m.
With the account of (3) the capital costs in (2) can be represented as

K=SpD, (4)
where Sp — are cost per unit, rubl./m
Sp =aL. (5)

Operating costs O, rubl./year, for operating of the fuel oil line during a year represent expenditures
for transportation of the fuel oil over the pipe-line and they are proportional to the amount of the elec-
tric power amount consumed by the pump during its annual operation and tariff price of 1 kilowatt-
hour of the electric power
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O=1gNeicer7., (E=0) (6)

where N,, —is the electric engine power in the drive of the pump, kW; c,, — is tariff (price) for 1

kW:-hr of electric power; z. — is the number of the workdays per year, hr.,; z. — is the operating period
of the fuel oil line per day, hr.
The power of electric motor in the pump drive is

QAP

N =K ,
% 10007

()

where K; is a power reserve coefficient for electric motor; Q — is a volume flow rate of fuel ail,
m/s; AP is a pressure provided by the pump, Pa; 1 — is the efficiency of the pump (considering me-
chanical efficiency, leakages through the gaps and gaskets of the pump, wear and co on).

With the account of (7) maintenance charges in the form of (6) can be represented as

E=S,AP, 8)
where Sp are costs per unit in order to produce a unit of pressure, rubl./kPa
g K,Qc, 7.

n

With the account of expenses (4) and (9) criterion of optimization expressed as in (1) takes the
form of [31]

Sp (9)

F=SpAP+SDD. (10)

In the criterion (10) pressure AP, produced by the pump, represents losses of pressure in the fuel
oil line that depends on the line topology and length, the type and number of the local resistances, vol-
umetric rate of the fuel oil flow and its properties as well as on the line diameter [1, 7, 9]. Thus, crite-
rion of technical and economic assessment (TEA) (10) accounts for the current price and tariff values
related to the lines and electric power, parameters of the fuel oil line, conditions for the transmission
of the fuel oil, its properties and meets all the requirements related to the optimization criteria: it
measures the efficiency of the system; it can be quantified; it has clear physical sense and quite com-
pletely represents the most significant features of the process.

The problem of techno-economical optimization for the fuel oil line with a specified topology is to
find such values of D and AP, that criterion of TEA (10) attains its minimum value for the specified
flow rate value of the fuel oil Q, which, in turn, also depends on D and AP [31]:

Q(AP, D) =const. (12)

Thus, we get a problem of constrained minimization for the criterion (11) in the presence of the
constraint (constraint equation) in the form of (12). To solve the problem in the forms of (11) and (12)
it is necessary to reduce it to the task of search for the unconditional extremum.

Constrain equation (12) should connect losses of pressure AP, diameter of the pipe-line and the
flow rate of the fuel oil in the explicit form.

Let us present the link between AP and D in the form of equation [7, 9].

AP = AR, + APpe + APy, (13)

www.manaraa.com



AMCSM 2020 IOP Publishing
Journal of Physics: Conference Series 1902 (2021) 012082  doi:10.1088/1742-6596/1902/1/012082

where AR;,, are losses of pressure over the length of the pipe-line, Pa; AP,,. — are losses of pres-
sure due to the presence of local resistances, Pa; APy. are hydrostatic losses of pressure due to the

changes connected with the ascent (descent) of the fuel oil, Pa.
Losses of pressure along the pipe-line length can be determined by Darsi-Weisbach formula.

ARy =4 4= =F (14

where A is friction coefficient; Ly, Ly is the length of horizontal and vertical parts of the pipe-line,
m; @ — is the average speed of the fuel oil transmission in the pipe-line, m/s; p is the density of the
fuel oil, kg/m?; D is the diameter of the pipe-line, m.

Losses of pressure due to the presence of the local hydrodynamic resistances and be determined by
Weisbach formula.

92
APne =X Sme _Zp : (15)

where &, is a coefficient of the local resistance.

Hydrostatic losses of pressure are determined by the formula

APy =tp0lLy, (16)

where g is the acceleration of gravity, m/s>.
With the account of (14) — (16) one gets.

2
apopothy 9
D
Equation (17) does not include the value of the volume flow rate Q in the explicit from. In order to

reduce this equation to the form of (12), let us present the average speed of the fuel oil transmission in
the pipe-line using its diameter D:

9

2
” +3 e 2 p + poly , (17)

9:%. (18)
Vs

In the laminar flow mode of the fuel oil the value of the friction coefficient A depends on the value
of Reynolds number Re.

64
=== 19
Re (19)
That is determined as
Re=PP (20)
7]
where g is a dynamic viscosity of the fuel oil, Pa:s.
Taking into account (18) — (20) equation (17) takes the form of
8Q? (16;17: j
AP = — Ly +Ly )+ X &ne | £ o0k, . (21)
220 p (19t
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Constrain equation (21) allows determination of the optimal values of D and AP, when optimiza-
tion criterion (1) attains its minimum value for the specified volume flow rate of the fuel oil Q. The
necessary condition for minimization of criterion (1) takes the form of [30, 31].

dF dAP
—=Sp ——+ Sp =0. 22
a0 >Pap Top (22)

Solution of equation (22) is just the optimal value of the fuel oil pipe-line diameter which is then
used for the determination of the optimal pressure losses in accordance to the equation (21).

Differentiating (21) by the diameter D, we obtain.

dAP _ _ 32/0Q2 16 ur
dD 2?D° \ PQ

(Lg+L\,)+z§ch. (23)
Substituting (23) into (22), we obtain the equation.

32pQ° (16 ur

#2D° | PQ

Solving equation (24) relative to D and excluding complex roots we obtain the optimal values of
the fuel oil line diameter [30].

(Lg+L\,)+z§mcjsp+sD=o. (24)

0,2
«_ o P (16pm Sp
D _2[ > (pQ (Lg+LV)+Z§ijSD:| . (25)

Substitution of solution (25) into constrain equation (21) makes it possible to determine the optimal
value of the pressure losses in the pipe-line [30].

2
AP _1 pQ (16,u7z

4 0,2
2| 2 | pQ (Lg + Lv)‘*‘Zétmcj(S_Dj + pgl, . (26)

Sp

Substitution of the optimal values of AP” and D" into the optimization criterion (1) enables to cal-
culate the minimal value of the total expenses for the development of the fuel oil line with the specified
topology and fuel oil transmission by this line with the specified volume flow rate and the corresponding
properties.

Geometric interpretation of the problem for optimization of the technological pipe-line is presented
in Figure 1. The plane of objective function (1) is presented here in the space of (F;AP; D) , constrain
equation (13) for Q =const and the curve formed by cross-section of the plane (1) with cylindrical

surface and base of a cylinder (13).
Pont A" with coordinates (AP*; D*) is a projection of the point A(Fmin;AP*; D*) for the mini-

mal value of optimization criterion (in this point both conditions of (11) and (12) are executed at one
and the same time, i.e. a constrained extremum of optimization (1) is attained.
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Figure 1. Graphical interpretation of the optimization.

3. Computational experiment and discussion of results

The discussed technique for optimization of the fuel oil line parameters by the techno-economical in-
dexes can be illustrated in the computational experiment basing on example of the fuel oil enterprise
of HPP intended for transmission of the fuel oil with the grade M100 (Figure 2).

12

Figure 2. Scheme of the fuel oil enterprise with a terrestrial fuel oil storage reser-
voir: 1 —railroad tank; 2 — drain tray; 3 — receiver tank; 4, 6, 8, 10, 11 — valve; 5 -
coarse filter; 7 — pump; 9 — fine filter; 12 — fuel oil storage reservoir.

Let us use the data presented in [1] as raw data for the computing experiment. Freight turnover of
the furnace fuel oil with a grade M100 for HPP is of 34560 tons/year. Delivery of the fuel oil is exe-
cuted one time per ten-day period by railroad transport in 32 tanks each of 60 m* in volume. Unload-
ing of the fuel oil from the tanks is performed by a simultaneous drain at the double-sided dock for 8
hours. In this case the mass flow rate of the fuel oil is of 33,33 kg/s (120000 kg/hr/).

While the unloading drain from the tanks 1 the fuel oil is emptied spontaneously into the receiver
tank (3) by the drain trays 2 (see Figure 2). From this receiver tank fuel oil is supplied to the rough
filter and fine filter 5 and 9, respectively with the help of the pump 7, and then to the overland tank 12
of the fuel oil reservoir. A decrease of the fuel oil viscosity is obtained due to its heating up to 80 °C.
To do this, the drain trays are equipped with the steam pipe-lines all over their length while the receiv-
er tanks and the fuel oil reservoir are provided with the surface-type steam pipe heaters
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To calculate the fuel oil density p, kg/m® and its kinematic viscosity v, m%/s, in a dependence on
the temperature t, °C, empiric equations were applied [1]:

p=[0,881-0,00304(t - 68) |-10°%; (27)
71710°
3,745
=|10+27)™ 0 8|.1078. (28)

Calculations of the dynamic viscosity of the fuel oil x, Pa-s, were performed according to [7]
“u=vp. (29)
At the temperature of t =80 °C physical properties of the furnace fuel oil M100, calculated by the
formulas (27) — (29), are equal to: p=844,52 kg/m?, v =114,31-10"° m%s, 1=0,096 Pa-s. Volume
flow rate of the fuel oil in this case is of Q = 0,039 m*/s (142,093 m®/hr).
The fuel oil line consists of the horizontal and vertical parts and their total length is of Ly =102 m

and L, =11 m, respectively. This fuel oil line is characterized by the local resistances and their values

are presented in Table 1.

In accordance with the recommendations [1] we used a steel seamless hot deformed tube in com-
pliance with GOST 8732-78 as a tube for production of the fuel oil pipe-line. According to the open
Internet-resources for the average wholesale and retail trade price of 70000 rubles/ton the relationship
between the price of 1 running meter of the tube and its inner diameter D, m, was obtained by the form
of the regression equation (3).

f,up (D)=28728D. (30)

Relationship (30) is true for the tubes produced in accordance with GOST 8732-78 with the wall
thickness of 16 mm and outside diameter from 108 mm to 426 mm.

The computing experiment included the assessment of dependence of the fuel oil line diameter on
its techno-economical parameters and determination of the optimal diameter of the fuel oil line for the
pumping of the furnace fuel oil of M100 grade in the flow amount rate of Q =0,039 m%/s.

Table 1. Values of the coefficients of local resistances [1, 9].

Local resistance Value Quantity
Input to the pipe 0.5 1
Valve 2 5
Pipe bend (turning at 90°) 1.3 3
Sudden bottleneck 0.64 3
Sudden expansion 0.64 3
Filter 8 2
Output from the pipe 1 1

During performance of the computing experiment the value of diameter of the fuel oil line was var-
ied within the interval of 0,1 to 0,5 m with the following calculations of techno-economical indexes.

Capital cost per unit according to the formula (5) will be Sp =3, 246-10° rubl./m. Power reserve

coefficient for the electric motor and coefficient of efficiency for the pump drive are considered as
K, =12 and 1=0,8, respectively. Operating period of the fuel oil line per day equal to the duration

of the fuel oil drain from 32 tanks is equal to 7, =8 hours. The number of the active days per year
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supposing fuel oil delivery one time per ten-day period is of 7, =36,5 days. Tariff price for the elec-
tric power supply of 1 kW-hr. (for Voronezh region, January 2020) is of cy =3,74, rubl./kW-hr.
Therefore, operational cost per unit according to (9) are equal to Sp =64,657 rubl./Pa.

Dependence of the pressure losses AP in the fuel oil line with the specified topology (see Figure 2)
on its diameter D calculated by (21) is presented in Figure 3.

800
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Figure 3. Dependence of the pressure losses in the fuel pipeline on its diameter.

The dependences of the capital, operational and the total annual expenses on the diameter of the
fuel oil line calculated according to the formulas (4), (8) and (10), respectively, are presented in Figure
4. As it follows from the figure 4, an increase of fuel oil line diameter results in the increase of the
capital costs (curve 1) for its development and simultaneous decrease of the operating costs (curve2)
connected with the transit of the fuel oil from the receiver tank to the storage reservoir of the fuel oil.
An extreme character of the curve 3 indicates at the presence of the value of pipe-line diameter that
provides the development and employment of the fuel oil line with the minimal total annual expenses.
Calculations in accordance with (17) and (18) provide the optimal values of the diameter of the fuel oil

line D" =0.347 m and losses of pressure in the fuel oil line (i.e. the pressure produced by the pump)
AP =9.549.10* Pa, when the total annual expenses for the maintenance and employment of the fuel
oil line become minimal ones F~ =7.299.10° rubl./year.
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Figure 4. Dependence of the capital (1), operating (2) and total annual costs
(3) for the development and operation of the fuel oil pipeline on its diameter.

The calculated optimal value of the fuel oil line diameter should be correlated by the pipe grades
according to GOST 8732-78 “Seamless hot-deformed steel tubes; Pipe grades” with the following re-
finement of the capital, operational and total annual expenses.

The considered technique for optimization of the fuel oil line at the HPP enterprise by its techno-
economical indexes can be added, in case of necessity, by the check-up calculations of the fuel oil line
and its separate elements for the endurance, durability and vibrations in accordance with the corre-
sponding regulative documents.

4. Conclusions

1. Computational relationships are proposed for the determination of the optimal diameter of the fuel
oil line at the HPP and boiler house enterprises in terms of the condition for minimization of the total
annual expenditures for its development and employment with the account of the current prices and
tariffs for the pipe-line and electric power, fuel oil line layout, conditions of its operation as well as the
properties of the furnace fuel oil.

2. Computing experiment was performed in order to assess the effect of the fuel oil line diameter
on the techno-economical indexes of the setup for the transmission of the furnace fuel oil, grade M100
from the receiver tank to the overland reservoir of the fuel oil storage for the given value of the fuel oil
consumption. An increase of diameter for the fuel oil line was found to reduce the operational costs for
the transmission of the fuel oil and at the simultaneous increase of the capital expenditures for its de-
velopment.

3. An optimal value of the diameter for the pipe-line of the fuel oil enterprise was found thus
providing the minimum of the total annual costs for the development and employment of the fuel oil
line intended for the transmission of the furnace fuel oil from the receiver tank to the overland reser-
voir of the fuel oil storage at the specified value of the fuel oil consumption.
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