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Abstract

The paper contains an analysis of the operatiomaess of heat supply system with taking into waration its
reliability. The specific character of the operatif heat-supply systems has been consideredsmitiik. In the
process of the exploitation of heat-supply systémse have been distinguished five operationaéstatssuming
as a criterion of the level of indoor temperatuezrdase in residential rooniBhe method of modelling the
operational reliability of heat-supply systems isrikked out. The methodology of determining the olWvéndex of
heat-supply system reliability has been preseriibd.measure of heat-supply system reliability reenbassumed
as the scale/quantity of inadequate supply of peater at a given state. Calculations have beeriedaout
regarding the changeability of exterior conditidas one of the groups of customers — residentiataisOn the
basis of the operational data for the heat supygdyesn with two heat sources shortage quantitieseat power
and the probability of their occurrence have bedoutated as an application of this methodology.

1. Introduction characteristic feature of heat-supply systems & th
L : . . occurrence of many operational states of the system

Rgl'lablllty is the primary factor of utility, thas the various heat load and efficiency, determined bgraye

a.b'l'ty of a tec_h_nlcal system to meet huma_n_ needsof random factors affecting the demand for heatnfr

d|rectl_y determining practical possibilities qf lising . the standpoint of reliability the states are ddssatiby

the aims of the system (t"."SkS)' Even if technlcala combination of damaged and undamaged elements

systems are perfect in functlon_al ser_wse_,_they becomconnected with each other by means of appropriate

use_less if _the level of th?'r rehability IS NOU grictures. In this work basic assumptions for

satisfactory-is lower tha_n required [4]. The reiin_ljo modelling and analysis of operational reliability o

of heat-supply system is closely connected with theheat-supply system units are presented considétag

reliability of its parts (sub-systems, structureahd ; o . . .
determines the quality of completing tasks by thedlver3|f|ed operational ability of heating system.

system after taking into consideration random ckang
of functional characteristics of the given systemthw
the existence of computational external conditifdrs
The description of reliability is closely connecteith In the process of the exploitation of heat-supply
the description of the functioning process of heat-systems there have been distinguished five opetio
supply systems considering changeable externastates: (A), (B), (C), (D) i (E)Higure 1), assuming as a
conditions. Determining the influence of the coiwttis  criterion the level of indoor temperature decrease
on the reliability of heat-supply systems, consitgr residential rooms T°C] and the time of the lasting of
appropriate criteria, is an inseparable part of theinterference in heat supply for consumefs]t caused
analysis of an operational process of the systesat-H by failure [1], [3].

supply systems may be included to relatively comple

technical systems. Each of them constitutes» The state of complete abilip) — referred to as

a functional whole, divisible into sub-systems,  the state of operational reliability — the statealh
structures and elements being connected with the determines the situation where the indoor
climate, the environment and the demand for hedt an  temperature is equal to the computational indoor
characterised by random changes of their states. Th  temperature for the majority of residential rooms

2. Reliability states of operational process
in a heat supply system
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Tia = T, = 20°C and there is no interference in a The

heat supply: @ = Qn, Q[MW] — termed ordered  gperationald 0O 8 15 20 [T]

heat power. states >
(A)

» The state of partial permissible abilif{3) — state

of permissible operational reliability, there are (B)

certain limitations in heat supply displaying a

decrease in heated rooms temperature;245iC, (©)

taken as a border, at which the human organism is

able to function normally. It corresponds with a (D)

decrease in heat power supplied to consumers:

agQn < Q< Qn. (E)

» The state of partial limited abilityC) — state of
limited operational reliability where considerable
difficulties are observed, the ones connected with
the necessity to make use of other heat sources fo
heating (electric energy, natural gas etc.), the
heating equipment is only protected against
freezing by maintaining a minimal temperature T
= 8°C due to the supply of heat powerzQ-< Qc< Qurax = Ko TA, [(Tia =Ty 1)
0Qn.

0 C(DQn C(CQn C(BQn Qn QJ Q[M\N]

Figure 1 Classification of operational states of
Fneating system depending on heat power Q[MW] and
indoor temperature; T°C]

erth = kb [Ab [(-I-IB _Tex) (2)
» The state of complete disabilityD) - state of
operational unreliability, when border indoor =k [A [(T. -T 3
temperature is equal tapE0°C and heat power is Qurcx =k LA LT 2 ®)
contained betweentp;Q, < Qp < acQp.
DQn QD CQn erth = kb [A) [(T|D _Tex) (4)
> The state of disast€E) — state where the water in _ _
the central heating system freezes resulting inTia. Tie: Tic, Tio — indoor temperature appropriate to
damage of the system. There is also a threat téhe state (A), (B), (C), (D);

human life as a consequence of heat power supplyfex- €xternal temperature taken for x - variant;
Qe < 0pQn. k, — overall heat-transfer coefficient of the builgtin

Ay — surface of cooling division wall in the building

Changes of heat power value in particular statee ha Factor of permissible heat power decrease in heat
been calculated according to introduced factoriseatt ~ SUPPly systentig, in state (B) for variant x has been
power decreas@s, Oc, 0p . The ordered heat power in determined from the proportion of heat losses & th
a given heat supply system, @as been taken as its Puilding in state (B) to heat losses in the state o
capacity. It has been determined as productionaigpa Complete ability (A) given by

Q.. The scheme of described above operational states

of heat supply system is givenRigure 1. a, = Quex _ Ti ~ Tex (5)
Factors of heat power decreasg; dc, 0p have been Qurax  Tia — Tex

calculated from the proportion of heat losseg @

buildings considering particular states in différen Analogically from the proportion of heat lossestlie
exterior conditions which were determined by theele  pyjiding residual factors: acx 0px have been

of outdoor temperature.T determined:
Reductions of operational parameters in higher tharb(CX - factor of limited heat power decrease in st&tg (
computational temperature conditions do not always for variant x:

mean the disability of all heat supply system.
Therefore, the following considerations have been
carried out in six variants for different external
temperatures (- 20, -15, -10, -5, 0, +5C) and the

Opx - factor of border heat power decrease in staje (C
for variant x;

times of their lasting. ag, = Qutrex - Tc ~Tex (6)
QstrAx TiA _Tex
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TiD _ Tex

TiA - Tex

- Qster
QstrAx

an

Information about heat power supplyixQn the
particular states, in compliance with differences
between variants, is presented schematicallyiguire

2 in the following formulas:

Q= Oy (8)
Opx Qn< Qex < Qn 9)
Ocx Qn < Qex < Opx Qn (10)
Opx Qn< Qox < Oex O (11)
Qex < Opx Qn (12)

. , S
Qn — nominal heat power determined as ordered heat

power, resulting from detailed heat losses baldoce
individual conditions.

SF | (B)

Sk-ZF

(D)

Snc- Z|

(©)

F Szo -(

(B)

(A)
Szd -D - NF

F Szp

»
|

Q Q

0 anQn GCxQn quQn Qn

Figure 2 The operational states of heat supply system
in the function of heat power

Values of border parameters determining particular AQ = Q- Q

Factors of heat power decrease diminish along arith
increase in external air temperature.

3. Themethod of operational reliability
assessment

Elements excluded in the decomposition process of a
heat supply system as indivisible at a given staige
considerations are assumed to be treated as tie-sta
and renewable elements.

The stationary preparedness index determining the
probability of finding an element (el) at any tifneing

in the ability state, is taken as a measure ofaijmaral
reliability of two-state objects.

E(t,)
K,=P =—2 13
el (Szel) E(tz) + E(tn) ( )
toppage index for element:
U, =1-K, (14)

Two-state objects can remain in numerous operdtiona
states depending on the degree of meeting attdbute
requirements. Owing to the specific character dthe
supply systems, it is permitted to operate thigesys
with decrement parameters in specific operational
conditions and time [2].

The measure of reliability is shortage quantityheht
power AQ; in i-state for conditions describing variant
X.

(15)

states of the system in the considered variant® hav

been calculated according to the formulas (5, &nd)
presented graphically iRigure3

i

—

N

Factor of heat power decrease
Foo)

£

Exterrd tenperature T

Figure 3.Relationship between factors of heat power
decrease and external temperature considering
changeable external conditions
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where:

Qnix — heat power in consider i- state for variant x;

Q; — heat power equivalent to aggregated heat pofver o
heat sources in particular states;

Qnix = (I)x [Qn (16)
when:, - load factor for variant x;
T -T
— 10 ex 17
¢X -I-iO _Teo ( )

The overall index of heat-supply system unrelifpili
U, has been evaluated. It determines the relation of
expected heat power shortageAQ] to ordered heat
power value Qwhich results from detailed heat losses
balance for individual conditions.
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E(AQ) 17 D [ B [ 0,000958 | 196,5 [ 75,0 [ 1355 [0,129763
Uu,=—— (18) 18| D | C | 0000510 | 196,5 | 63,0 | 147,5 |0,075192
Q, 19| D | D [0,000111 [196,5 [ 52,5 | 158 |0,017566
20| D [ E | 0,000006 | 196,5 | 40,0 | 170,5 |0,001006
_ o 21| E | A |0,000233 | 164,0 | 40,0 | 163 |0,038058
The overall index of heat-supply system reliability [22E | B | 0,000031 | 164,0 | 40,0 | 168 | 0,00523
K,. which is a measure of operational reliability in [ 231 E | C | 0000016 | 1640 } 400 | 180 }0,002983
_ 24| E [ D |0,000003 | 164,0 | 40,0 [ 190,5 |0,000688
heat supply system, can be calculated with theofise [25| E | E | 1,91E-07 | 1640 | 400 | 203 | 3,89E-05
the following formula: ¥ 1.0 7,091847

where
K,=1-U (19) : T
u u A - describes situation when the heat source (U2C

o I) is in the state of complete ability (NF-Szp),
4. En example of application of the worked out B - describes situation when the heat source (UZC)
method in the state of partial permissible ability (DF-$zd
, , C - describes situation when the heat source (Ui&C)
Calculations have been carried out for the heaplgup in the state of partial limited ability (OF-Sz0).

;ystem in the city of Rzeszow,' which consists 06 tw D - describes situation when the heat source (UZC)
interconnected heat sources signed as UZC | and Il

. - in the state of complete disability (DF-Snn),
Ordered heat power for this system equals=Q107 i ) o
MW. For the two heat sources y 2 & 25 reliability E - describes situation when the the heat SoWZEY

states have been considered. On the basis of th'éInthe state of disaster (ZF-Snk).

operational data [1], shortage quantities of heatqy . 5 N
and the probability of their occurrence have been;g;eihcévﬁr?[”v;?aen)i_c’f heat-supply system unrelipil
calculated. Results of the calculation of the olera '

indexes of heat-supply system reliability for thiestf _E(AQ) _ 7,0018_

variant determined by the level of external temheea U, =0,017425
T. are presented ifiable 1. Q 4
Heat power value for the first variant evaluate The gverall index of the heat-supply system religbi
according to th¢16) equals for the first variant:
Qu = Q=407 MW, K, =1-U, =0982575

because according to (17): Calculations of the overall index of the heat-syppl

system reliability for every variants described by
external temperature had been carried out. Restilts
the calculations of the overall indexes of heatpbyp
system reliability accounted for by means of an
analysis of states, which can take place in anatioer
process of heat supply system, are presented

¢ =1

Table 1.Calculation ofshortage quantities of heat
power and the probability of their occurrence
in particulars operational states in city Rzeszow

— variant | ) -
graphically inFigure 4.
Q) Along with an increase of external air temperaflge
sp| YZ€ b [MVIV AQ E@AQ) reliability of the heat supply system increasespseh
1 . .

L | | MWT | [MW] measure is the overall index of heat-supply system
1|A|A] 0701053 | 327,0 | 80,0 0 0 reliability. The index takes a minimal value , k
AR R L R R T s 0,982575 for variant | of computational conditipns
4| A D 0:010851 327:0 52:5 275 0:298413 with Te=- 200C, and a maximal Valueulé 0,999972
5 | A | E | 0000576 | 327,0 | 40,0 40  [0,023036 for variant VI, with external temperaturg ¥ + 5°C.

6 | B | A | 0090406 | 306,5 | 80,0 | 20,5 | 1,85333
7 | B[ B|0,012054 [ 3065 | 750 | 255 |[0,307385
8 | B | C | 0,006416 | 3065 | 63,0 | 375 |0,240624
9 | B | D | 0,001399 | 3065 | 52,5 48 0,06717
10| B | E | 0,000074 | 306,5 | 40,0 | 605 |0,004493
11| c | A | 0,020378 | 2575 | 80,0 | 695 |1,416337
12] c | B 0,002717 [ 2575 | 750 | 745 [0,202433
13| c | c | 0001446 | 2575 | 63,0 | 865 |0,125114
14| c | D | 0,000315 | 2575 | 52,5 97 [0,030598
15| ¢ | E | 0,000017 | 2575 | 40,0 | 109,5 |0,001833
16 | D | A | 0,007182 | 1965 | 80,0 | 1305 |0,937303
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Figure 4.Dependence of overall index of heat-supply
system reliability on external temperature

5. Conclusion

The specific character of the operation of heapbup
systems has been presented in this work. There has
been worked out the model describing the functignin
of heat-supply system structures in the aspect of
reliability. In the process of the exploitation loéat-
supply systems there have been distinguished five
operational states, assuming as a criterion thel lelv
indoor temperature decrease in residential roorhs. T
methodology of determining the overall index of thea
supply system reliability has been presented. The
measure of heat-supply system reliability has been
assumed as the scale/quantity of inadequate subply
heat power at a given state. Calculations have been
carried out regarding the changeability of exterior
conditions for one of the groups of customers —
residential users. During the variant analysiseHhwas
been assumed a criterion determined by the level of
outdoor temperature. This way the multi-state
characteristic of a heat-supply system, with refeee

to its operational reliability, has been taken into
consideration.

Working out of the model of heat-supply system
operation reliability requires taking into considton

its complexity, the extent of realisation and its
systematic treatment. The method can be used to
evaluate operational reliability in a heat suppfgtem

and to solve a lot of technical problems at thgestaf
projecting.
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