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ABSTRACT

Fluids, steam and gas carry out thermal energy transportation
by long pipes as emergy bearers. This Uansporation is
associated with complex problems, where the special issue is
optimization of pipe systems. This optimization should find
optimum ratio between physical parameters of transportation,
environment state and economical parameters,

In this work, partial optimization of hydraulic parameters m
pipeline systems is made in example of thermal energy for
Tuzla city from Power Plant “Tuzla * BiH.

INTRODUCTION

From the peint of safe and economical cxplnilul.jpcn.
transporiation of thermal energy in the long distance healing
systern of Tuzls lown doesn't alwavs function in oplimum
hydraulic regime, Knowing hydraulic parameters of the pipe
system in diflerent working regimes, it is possible to determine
required conditions for the optimum transporialion of thermal
enérgy from the point of having minimized transportation costs
and safc and regular distribution of thermal energy to all users.
Tuzla Town is energetic user of thermal energy for public needs
{heating of apartments, offices and partly for preparations of
sanitary water). On the basis of previcusly done projects,
studlies and analysis, it has been decided that Tuzla Power Plant
was the best solution as the long-lerm thermal energy supplicr,

BASIC CHARACTERISTICS OF LONG DISTANCE
HEATING SYSTEM OF TUZLA TOWN

Transportation system for thermal energy supply of Tuzla
lown consists of the following elements:
- Pump station with three centrifugal pumps of the same kind,
with ene of them having constant number of rpm, while two
have a possibility for change in rpm regulating in that way the
amount of transported water, X
- Heat consumers are connected via indirect exchange statons

except for the users in “Slatina”, who are connected directly 1o
ihe hot water pipeline via mix-station. Equipment for pressure
and flow reduction is installed in users” heal stations.
Main hot water pipeline that connects heat source in Tuzla
Power Plant and users in Tuzla town is | 1km long.
Projected temperaturez of heal camiers in ouigoing and
refuming pipeline are 14575°C for the environment
temperature -17°C. Regulation of heat transportation s
qualitative i.c. heat loading is regulated by temperature change
of heat carrier keeping the same flow. Capacity of the net is 220
MW with Mow of 2794 mh.

MODEL OF HEATING DISTRIBUTION NET IN TUZLA

TOWN

Model of the heating distribution net fer Tuzla town is shown
on Fig. 1. Control of hydraulic parameters in pipeline net is
made for stationary siates and for the following working
regimes:
= Calculation of pipeline net when water flows are known,

on the basiz of users’heat load with an EXCEI programme
due to check up of the model, analysiz of flow and
determinating of oplimum working peints,

calcualtion of pipeline net using Hardy Cross method with
a FORTRAN programme due to analysiz and optimization
of hydrmulic parameters.

Optimum working point defining of the system is made for
tvo cases:

. when one user is cut ofl (user no. 59 - Slatina),
- when the pump pressure is increased due to flow increass
for all users.

A computer programme for calculation of hydraulic system’s
steady state takes into consideration characteristics of hydraullic
parameters in pipeline system and circulation pumps. and
calculates, by iteration, optimum working point af the system
A pump characteristic is determined by interpolation method of
the third grade polinom using the least square method
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where v, are ordinates of measured points and y are caleulated
values of approximations, In order to define a characteristic
curve of the pump, it iz necessary lo determine value of
hydraulic pressure as a function of flow in four working points,
Since the polinom is defined knowing coefficients C), Cy, Ty,
and C,, 1t can be presented as:

y= p{;‘ju Cl+flz+ﬂ311+ﬂ‘r! {2)
ie

HoF)= G +C + 7 4O (3

On the hasiz of the above metioned, the condition of smallest
deviations is :

:-E (v,—f,—C,.x—C,x: —C‘k’):—i-mi-n (4)

This deviation wall have the smallest value if a system of
dillerential equations, which s result of partial denvations of
coeflicients C;, while coeflicients C; are calculated by
approximations, is solved, Then as a result there is a system of
linear algebraic equations. The system of linear algebraie
equations can be presente in a mabnx and solved by Guuss
climinations,

L | xli Ll

Kz X3 Xy fCz| b %)
1 x3 X3 Xy |3 3

x, %, x4 b

At the end, the compuler programme presents values of C, and
creates a cubic equation for the characteristics pump curve.

Hy=C+C +Cp? +Cp? (6)

A pipeline characteristic curve 15 determined in the same way if
al least three working peints arc known, with values of
hydraulic head as a function of flow.

ANALYSIS OF RESULTS

Caleulation results for the pipeline and for six different flows
arc shown in Fig. 2. Deviations of measured values are up to
4% bagger then the calculated values with measunng ermor up to
1.5 %. For current exploitation conditions with a water flow
approx. 2174 m'/h, velocities and pressure drops in pipes are
smaller then optimum values. Caleulated welocities are 1.1-1.2
m's while the optimum velocity for the mentioned system iz 2.8
ms. Values of water velocities and pressure drops are closest 1o
the optimum values for the flow of 2794 m'/h which is aqual to
thermal loading of 220 MW. However, ss shown on Fig. 3,
projected capacity of hot water pipeline can not be reached with
existing pumps capacity and pipeline characteristic. The
system's working reagime curve shown on Fig. J gives the best
approximation of optimum working peints 1-6 and its analytical
equation is the secend kind of polinom.

Calculation results using Hardy Cross method, for different
system’s working reagimes are shown en Fig. 4, Fig. § and

Fig 6., when user Mo, 59 ("Slatina™) is cut off, characteristic of

pipeline resistance is increased with resulting decrease of tolal

flow of the pipeline system (working points | and 2, Fig. 6).

Distribution of pressures 15 unsymetric, users get flow which s

different from the projected one, while the functioning of

pipeling system is out of optimum range (Fig. 4).

In order to have the system working in optimum reagime
(working point 3, Fig. 6), it is necessary to change a hydraulics
characteristic of the whole system by changing the working
characteristic of the pumps and pipeline resistance Defining
procedure for optimum working point of the system includes the
following phases;
= hydraulics calculation of the working state for thermal

capecity 1659.8 MW and flow 0.604 m"Vs with defined
pump characteristic (working point 1, Fig. &),

- when user No. 39 (“Slatina™) is cut off, with the same
pump characteristic, the system comes to working point 2
(Fig. &) and az a result there i3 unsymetric pressure
distribution and unproporcional low changes registrated
by users,

- in order to oplimize the sysiem it is necessary to decrease
pump pressure which is in eccordance with working paint
L

Defining of the system's aptimum working point, in case when
the flow needs te be increased for all users, it made on the
example of increase in system load from 1698 MW [ with the
flow 0.604 m¥s) to 185.9 MW (with the flow 0.662 m"s) and it
iz piven by warking points 1 and 4 (Fig. 6).

Pressure distribution has become unsymetric and resulting
flow changes for some users are unproportional, Users closer to
pump station have pot increazed flow, while those far away
from the pump station have got decreased fNow.

CONCLUSION:

- Long distance heating system for Tuzla town docsn't work
in optimum reagime so the energy losses are quite big

- Small disturbances in the system bring the system in
unslabil state and there are no means Lo quickly return it to
previous state,

= System regulation by increase of water temperature in the
het water pipeline is the worst solution from the point of
energy exploitation.
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Figure 1. Scheme of the pipeline model for long-distance heating system of Tuzla town
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Figure 2 Head char inthe case of system optimizabon

Figured. Working points for calcutation of pipeline net
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Figure 5. Head char in the case of system cptimization when ircrease of loading for all
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Figure 8 Defiring of oplimum working point
= when user No. 59 (Siatina”) is cul off (1-2-3), -increase head pressure (1-4-5);

Ha b,c,d.e -pumps chamcteristic, H -pipeline characteristic
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