
 

 
  

 

  

 
Abstract: This
computer mod
in the urban
Distribution a
simulation mo
computer appl
Key words: 
simulation 
 
1. INTRODU
 

Problems 
the urban aggl
of finite world
in energy pric
leading to ene
One of the fa
effective mana
must be transp
is required and
and quantity m
costs. It is ob
linked to its c
management o
2007). 

The pape
computer mod
in the urban
Distribution a
simulation mo

 
2. SIMULAT
 

The mode
models, discr
discontinuous 
time period d
values.  Ther
going to the 
great speed c
possible to wo
this kind of a
justified.  

Intended 
management o

 
2.1 Determine

the SHDC
It is usual

Conditions m
distribution an
variables such
strength and 
consumption 
amount chang

These con
by one and the

MUNICIP

s paper describ
del of the distri
n agglomerati
and Consumpti
odel. The mode
lications and te

heat, consum

UCTION  

of distribution 
lomeration is ve
dwide energy r
ces. Therefore,
ergy savings in
actors that can 
agement of dis
ported to the pla
d in the expect
must go hand 
bvious that the
consumption an
of the heat dis

er describes 
del of the distrib
n agglomeratio
and Consumptio
odel with a num

TION MODE

l is, in contrast
reetly in time 

steps, with a 
depends on th
refore, if using
SHDC run in 
hanges, such a
ork with the tim
analysis is this 

use of the p
of SHDC is as f

e the condition
C control. 
lly the time int
mean generaly
nd consumption
h as outdoor 
direction, etc.
in different p
e in consumptio

nditions and fac
e model gradual

Annals of DA

PAL HEAT

V

bes the designe
bution system o
ion (SHDC -
on). This mode

el was impleme
ested on real op
mption, distri

and consumptio
ery actual, espe
resources and th
, it is necessar
ncluding heat e
 lead to saving

stribution of th
ace of consump
ted quantity (La
in hand with m
e heat distribu
nd therefore we
stribution and c

the designed 
bution system o
on (SHDC - 
on). This mod

mber of freely us

EL 

t to the common
- time is run
sampling perio
e speed of ch

g this model w
normal mode 

as surges in th
me period of s
concept of th

processed sim
follows: 

ns for a selected

terval of a few
y everything 
n of the heat 
air temperatu

, as well as 
parts of the di
on during the d
ctors are possib
lly refine. 

AAAM for 2010 & 
ISBN 978-3-90

TING NET

VASEK, L[ub

ed and impleme
of heat consump
- System of 
el is designed 
ented in the for
perational data.
ibution, mode

on of heat ener
ecially in the co
he constant inc
ry to seek all 
nergy (Ibler, 2
gs of energy i
e heat. Heat en

ption in time wh
aw, 1999). The
minimal distrib
ution is inextric
e can talk abou
consumption (B

and impleme
of heat consum

System of 
del is designed 
sable parameter

nly used contin
nning in simul
od. The size o
hange of moni
will be analyze
and not going 

he piping, etc., 
several minutes
he simulation m

mulation model

d time interval

w hours to one
that affects 

- primarily we
ure, sunshine, 

e.g. type of  
istribution netw

day, etc.  
ble to integrate

Proceedings of the 
01509-73-5, Editor 

Make Harm

TWORK SI

  

bomir] & DOL

ented 
mption 

Heat 
as a 

rm of 
 

elling, 

rgy in 
ontext 
crease 
paths 
002). 

is the 
nergy 
hen it 

e time 
bution 
cably 
ut the 
Broz, 

ented 
mption 

Heat 
as a 

rs. 

nuous 
lation 
of the 
itored 
ed by 

with 
it is 

s. For 
model 

l for 

l of 

 day. 
the 

eather 
wind 
heat 

work, 

e one 

2.2 I
c
T

reco
iden
mod
and 
wate

2.3 C
i
W

qual
time
the b
simu
actio
purp
simu
subj
 
3. M
 
Con
flow
the c
the q
entry
Tim
mea
quan
 
3.1 F
Com
not n
In e
netw
 
whe
inde
perio
loca
To m
netw
phys
trans
cont
 

Fig.

21st International D
B. Katalinic, Publis

mony Between Tech

  

IMULATIO

LINAY, V[ili

Identification o
circumstances
This is carried

orded during p
ntification proce
del parameters a
measured valu

er temperature. 

Calculation of 
interval. 
When calculat
lity-quantitative
e course of tem
benefit of the 
ulate the behavi
ons, and find 
pose (evaluatio
ulation model 
ect to further re

MODEL DES

nsider "discrete 
w in the network
current position
quantity of wat
y for the time i

me interval Δt
asured values. A
ntity and its tem

Flow modelling
mpressibility of 
need to be inclu
each simulation
work is monitor

re: 
ex i describe  pa
od for  jDFQi an

ation, L is curren
monitor the flo
work is of cou
sical laws app
sfer - conserva
tinuity.  

1. Discreet flow

DAAAM Symposiu
shed by DAAAM In

hnology and Nature,

ON AND M

iam] 

of model param
. 

d out by analyz
eriods with sim

edure artificial i
and to minimize
es of appropria
 

control action

ting the contro
e control (Balat

mperature and f
proposed mode
iour of SHDC o
the option tha

on) function. A
for prediction

esearch work  

SCRIPTION 

quantum flow
k and gradually
n. The volume o
ter into the dist
interval Δt  in g
identical to th

Amount of heat 
mperature. 

g  
f water in the p
uded in the mod
n step the flow
ed. Shown on f

articular quantu
nalysis, D is pip
nt jDFQi length

ow quantum pa
urse necessary 

plicable to the 
ation of mass 

w quantum 

um, Volume 21, No
nternational, Vienn
, and Your Mind wi

Annals of DA

MODELING

meters in these

zing historical 
milar condition
intelligence is u
e the difference

ate functions - t

ns for the select

ol actions in 
te, 2008), i.e. d
flow of hot wa
el of SHDC. T
on various vers
at best matche
A detailed an
n of control a

w" DFQ fluid 
y lose its energy
of the quanta is
tribution netwo
given step of si
he sampling tim
energy in DFQ

pipe is insignif
del. 
w quantum, de
following pictur

um, index j d
pe diameter  in

h, jVi is volume 
ssing through t

to respect th
fluid flow an
and energy a

. 1, ISSN 1726-967
a, Austria, EU, 201
ill Fly Free as a Bir

DAAAM Internationa

G 

e 

operating data
ns. During the
used to seek for
es of calculated
timing of back-

ted time 

accordance of
determining the
ater, again with
This model can
sions of control
es the selected
alysis using a

actions will be

(water), which
y, depending on
s determined by
rk input on the
imulation time.
me interval of

Q is based on its

ficant and does

enote jDFQi in
re. 

describe time
n current  jDFQi
of  jDFQi. 
the distribution

he fundamental
nd heat energy
and the law of

 

 

9
0

rd
al

a 
e 
r 
d 
-

f 
e 
h 
n 
l 
d 
a 
e 

h 
n 
y 
e 
. 
f 
s 

s 

n 

e 
i 

n 
l 
y 
f 



 

 

Fig. 2. Examp
 
where: 
C consumer, N
 
The distributio
and nodes, wh
 
3.2 Heat tran
For each flow
distribution ne
heat balance. 
preservation o
of heat - in D
simulation step
 

 
where: 
-  jQi and j+1Q
the DFQi at 
simulation step
The next equa
 

 
where 
cv is the speci
density, Vi is v
Presented dec
interval Δt aris
surroundings, 
the form of co
Pipeline losses
 

 
where 
-  kp is the hea
pipes, jTi is wa
temperature in
For the heat c
following equa
 

 
where: 
-  sr(…) is the 
Determination
for the final 
accuracy for t
There may be 
- type of t
- part of th
- type of 

network
-  other w

humidity
 

le of schematic

N note, S  sectio

on network can
here each sectio

sfer modeling 
w quantum, w
etwork, is in e
The heat bala

of heat energy. T
DFQi during th
p, is described i

ΔjQ

i describe the a
the beginning

p j+1. 
ation is still follo

jQi =

ific heat consta
volume of DFQ
crease of the he
ses from the fac
either in the fo

onsumption (con
s can be determ

jQi lost =

at transfer coeff
ater temperature
n section p, both
consumed in th
ation can be de

jQi consumed = V

function descri
n of this functio
solution of thi

that particular p
applied many o

the day – workd
he day – mornin

f the consume
k: flats, schools,
weather condi
y, and other. 

c distribution ne

on, SP supply (s

n be presented
n is linked, see 

which is at a 
each simulation
ance is based 
The heat energy
he time interva
in the equation

Qi = j+1Qi - jQi     

amount of heat e
g of the simu

owed: 

 Vi * ρ * cv * jT

ant for the fluid
Qi  and jTi its tem

eat ΔjQi in DF
ct that this heat
rm of losses (su
nsumers). 

mined by the rela

= kp * (jTi - jTp ex

fficient in the se
e for the DFQi
h in simulation 
he section r at
fined: 

Vi * ρ * sr(jTi, jT

ibing consumpt
on is obviously
is task, especia
parts "consume
other important
day , weekend, 
ng, afternoon, e
rs in the par
 industrial com
itions: sun in

etwork parts  

source). 

d as a set of se
the figure abov

given time in
n step calculate

on respect fo
y changes - dec
al Δt, e.g. in s
: 

                                    

energy  contain
ulation step j

Ti                       

d (water), ρ is w
mperature. 
FQi during the 
t is transferred t
upply pipeline) 

ation 

xt) * Δt             

ection p of the 
, jTp ext is the ou
step j. 

t time interval 

Tr ext, …) * Δt  

ion in the sectio
y very difficult
ally in terms o
ers", very impo
t factors such as
holiday etc., 

evening, night,
ticular part of

mpanies etc., 
ntensity, wind

 

ection 
ve. 

n the 
ed its 

or the 
crease 
single 

     (1) 

ned in 
j and 

   (2) 

water 

time 
to the 
or in 

   (3) 

input 
utside 

j the 

   (4) 

on r. 
t, but 
of its 
rtant.  
s: 

f the 

, air 

Fig. 
mea
 
To d
on 
prop
inclu
cond
 
4. M
 
Intro
appl
proc
this 
of th
 
5. C
 

T
on r
mod
of S

I
mod
inco
SHD
man
samp
(ord
com
real-

T
prog
 
6. A
 
The 
proje
Czec
 
7. R
 
Bala

B
Bala

Q
w
2

Broz
P

Ibler
e

Incro
I
9

Law
A

3. Prediction 
asured temperatu

determine the fu
these factors 

posed simulatio
uded in the id
ditions. 

MODEL REA

oduced model w
lication, Appli
cess in the selec
application for

he SHDC behav

CONCLUSIO

The results obt
real measured 

del is well suite
HDC. 
Introduced sim

de, which is pra
orporated into th
DC at a certain 
nagement of S
pling period in

der of minute
mplicated and ex

-time control sy
The improvem
gress. 

ACKNOWLE

work was perfo
ect NPVII-2C0
ch Republic. 

REFERENCE

ate, J. (2004). A
BEN - technica
ate, J., Navratil,
Qualitatively-q
water supply fo
2008, TU Kosic
z, K. (2007). Su
Prague 
r, Z. sr.; Ibler, Z
energetics 1, BE
opera, F. P.; De
Introduction to 
978-047145727

w A.M., Kelton W
Analysis, McG

of SDHC cha
ure of back-wat

functional depen
is also possib

on model. This
dentification of 

ALIZATION 

was implement
cation was te
cted heating pla
r the identificati
viour, shown in 

ON 

tained during t
data, shown t

ed for analyzing

mulation model 
actically very in
he control syste
(limited) time i

SHDC. This r
n the simulati

es) allows rea
xtensive calcula
ystem. 

ment of the mo

EDGEMENT

ormed with fina
06007, by the M

ES 

Automatic Contr
al literature, ISB
, P., Chramcov,

quantitative met
or the district he
ce 
upply of heat, C

Z. jr. & Kartak, 
EN, ISBN: 978
eWitt, D. P. & B
Heat Transfer, 

75, London 
W.D. (1999). S
raw-Hill, ISBN

aracteristics - 
ter. 

ndences of  hea
ble to success
s using of the 
f model parame

AND RESUL

ted in the form
sted on data 
ant. Examples o
ion and subseq

n Fig.3. 

the model veri
that the propo
g the properties

can be used al
nteresting and u
em to predict th
in the future, to
elates to the 
on model, sin
al-time to ca
ations and appl

odel and its u

S 

ancial support o
Ministry of Educ

rol, 2nd edition
BN 80-7300-14
, B. (2008).  
thod of heat pow
eating system. 

CVUT, ISBN: 8

 J. (2002).  Tech
8-80-7300-026-4
Bergman, T. L.
Wiley, ISBN: 

Simulation  Mod
N: 978-0070592

 

 
calculated and

at consumption
sfully use the
model will be

eters for given

LTS 

m of a software
from the real

of results using
quent prediction

ification, tested
sed simulation

s and behaviour

lso in different
useful. It can be
he behaviour of
o streamline the

length of the
nce that period
arry out quite
ly the results in

use are still in

of research 
cation of the 

n,   
8-9, Praha 

wer in the hot
In: ARTEP

80- 01-02521-7, 

hnical guide of
4, Prague 
  (2006). 

deling and
2926 

d 

n 
e 
e 
n 

e 
l 
g 
n  

d 
n 
r 

t 
e 
f 
e 
e 
d 
e 
n 

n 

t 
P 

f 

d 




