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Abstract. The work is aimed at an analytical solution of the problem of establishing the
relationship between hydraulic and thermal stability for both traditional multi-storey and modern
automated water heating systems for high-rise buildings. From the results of the review of scientific,
technical, regulatory literature and patent search, it follows that the data and recommendations obtained
are not exhaustive and require further research related to the solution of theoretical and practical tasks
of the problem under consideration. Therefore, further improvement of heating systems determines the
need to solve new scientific and technical problems, the results of which can create a scientific and
methodological basis for improving the hydraulic and thermal stability, energy and overall efficiency
of automated heating systems for multi-storey and high-rise buildings.

The result of the work was an analytical solution of the problem with the establishment of the
regularity of the relationship between general hydraulic and thermal processes in the heating
systems of high-rise buildings in order to analyze the conditions for a possible increase in their
energy-technological efficiency. With quantitative and qualitative regulation of the thermal power
of the systems, taking into account the change in the gravitational component, the actual pressure
losses are compared with the drop for the options under consideration. The thermal power of
heating systems was presented as the total heat flow from all heating devices, with the "lower" and
"intermediate” location of the heat source. A new dependence is obtained by means of an irrational
equation, which establishes an analytical relationship between the processes of thermal and
hydraulic stability. It is shown that a new technical solution with an intermediate placement of a
heat source along the height of the building minimizes the gravitational pressure during the
operation of the heating system, as a result of which its vertical hydraulic stability increases, and,
accordingly, the variable part of the excess pressure on the automation means decreases.

Key words: water heating systems, heat source, placement level, devices, hydraulic stability,
thermal stability.

Introduction. In most European countries, more than 30-35% of the total consumption of fuel
and energy resources is spent on heating buildings. Numerous studies have shown that the current
potential for energy savings in Ukraine at the current level of heat supply of buildings reaches 50-60%.
Therefore, the current state of the heat industry makes it urgent to find additional ways to significantly
improve energy efficiency and quality of heat supply with a decrease in its unit cost.
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Analysis of recent research and publications. The theoretical basis for the further
advancement of the heat-hydraulic stability of water scorching systems, which is directly related to
their energy efficiency and efficiency, was seen in the works of many domestic and foreign authors [1-
3], which, in fact, laid the foundation for the theoretical construction of such a structure. However, the
results of a long-term view of the scientific and technical, regulatory literature and patent literature are
evidently obvious, that the withdrawal of data and recommendations will require further investigation,
in relation to the theoretical and practical challenges of the problem. Therefore, further improvement of
heating systems determines the need to solve new scientific and technical problems, the results of
which can create a scientific and methodological basis for their practical application based on research
results. Thus, the relevance and direction of this work are aimed at determining the conditions for
improving hydraulic and thermal stability, energy and overall efficiency of automated heating systems
of multi-storey and high-rise buildings [3-5].

Known water heating systems usually have a lower location of the intermediate heat exchanger or
heat generator on the height of buildings, both central and local heating. The pressure drop in the system
is determined by the variable value of the pump and gravitational components in ensuring the required
circulation of the coolant. It is characteristic that the gravitational component of pressure in modern
automated heating systems of buildings with a height of 5 to 25 floors reaches 25-45% [1, 3, 6]. Both
the lower and upper location of the heat source (“'roof" boiler room), which has become widespread in
recent years, have their drawbacks. They relate primarily to the gravitational pressure, which coincides
with or is opposite in action to the pump pressure.

It is characteristic that the increase of thermohydraulic stability of heating systems due to
thermoregulatory means, including control valves with heating devices with high hydraulic
resistance, as well as automatic pressure relief devices at the base of risers and mains, is largely
unjustified, because they themselves bring a very significant additional hydraulic resistance. As a
result, the hydraulic resistance of modern automated systems has increased 2-3 times over the past
20 years, and the unit cost of automation has reached 15-20% of the total cost of heating systems,
but the payback period has decreased.

It is logical that the placement of the heat generator at a certain level in the height of the building
[5, 7], can eliminate the action of the main factor of vertical hydraulic adjustment, which minimizes the
resulting gravitational pressure in the circulation circuit of the pump heating system. At the same time,
the energy and economic feasibility of using the formed systems with the "middle laying" of
distribution and prefabricated mains, which are located at the level of the heat generator, is obvious. In
most cases, the device of such systems may be more desirable in comparison with traditional systems
with upper and lower location of the supply lines. In recent years, in foreign and domestic practice on
energy-economic conditions and functional needs are justified technical solutions, providing for the
arrangement of technical floors for the placement of elements of engineering systems, both in high-rise
buildings and in buildings of high storeys [4, 8]. Thus increase of thermohydraulic stability of heating
systems with decrease in their cost on the above-stated basis is not considered.

It should be noted that for all reasons of hydraulic adjustment, the change in the value of
gravitational pressure is the most significant factor with the corresponding negative consequences
characteristic of each type of heating system [9]. The main reason for both initial and operational
regulation of heating systems is, first of all, the influence of natural pressures on water distribution,
so to reduce its consumption should reduce the share of natural pressure difference in the total
differential pressure difference.

In [7, 9] the approach to improvement of systems of water heating of high-rise buildings on
the basis of rational interrelation and interrelation of structural elements is stated, that allows to
increase the general efficiency of work of corresponding systems by excluding negative influence
of gravitational pressure reducing vertical thermohydraulic regulation. As a result, the uniformity
and efficiency of heat transfer processes of all heating devices both in the design and in the
operating modes of the systems increases. In addition, the intermediate device of the heat source
determines the technical and economic feasibility of the appropriate placement of common
highways of heating systems. At the same time, first, the length of supply and return mains is
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reduced, and also diameters of distribution and collecting pipelines decrease; second, the hydraulic
resistance of the parallel connected sections of the upper and lower zones of the riser decreases, and
as a result, the total hydraulic resistance of the whole system in comparison with the systems with
the traditional placement of the heat source. At the same time, there is still no mathematically sound
and acceptable for practice criterion of general assessment of hydraulic and thermal stability of
water heating systems, which would adequately take into account the interrelated regime conditions
for highly efficient operation in the process of their operational regulation.

The aim and objectives of the study. The aim of the work is an analytical study of the
interconnected processes of hydraulic and thermal stability of automated water heating systems of
high-rise buildings, aimed at further improving their thermal efficiency with reducing the
corresponding material costs. To achieve this goal it is necessary to develop a mathematical model
that summarizes the patterns of interconnected processes in ensuring hydraulic and thermal stability
of water heating systems with the expansion of ideas about their further structural and functional
improvement in ensuring optimal microclimatic conditions.

Material and methods of research.The paper uses a comprehensive research method, which
includes: analysis of known theoretical and experimental works with a scientific generalization of
the final results; computational-analytical and mathematical modeling, which is based on the
classical equations of hydraulic and heat exchange processes, as well as a method of analytical
solution of the problem. In accordance with the recommendations and requirements [1, 4-6] in the
practice of engineering development of heating systems to ensure sufficient hydraulic stability it is
recommended to take the pressure drop in the riser relative to the pressure drop in the calculated
circulation circuit of at least 70%.

It is known [1, 3, 6] that the indicator of hydraulic stability G reflects the ratio of the actual
consumption of coolant Gy to its calculated value G¢:

G=G /G : 1)
X Cc

The main condition for the hydraulic calculation of heating systems, which is associated with the
selection of pipe diameters and determine the pressure drop in the relevant areas, is to compare the
pressure drop with its actual value. In [7, 9] it is substantiated that in the heating system of a multi-
storey building with intermediate placement of the heat exchanger at a rational level the effect of
gravitational pressure is minimized in comparison with the similar one at the lower placement of the
heat source. On this basis, under the conditions of quantitative and qualitative regulation of the thermal
capacity of systems, taking into account the change in the gravitational component, we can compare
the actual pressure loss with the difference for the analyzed options in the appropriate form:

2  ApC c .
ShSGC —APpp+BAng, (2)

S,G% = AP, +BAPY, 2, a)

where Sy — is the resistance characteristic of the heating system, Pa - s/kg?;

G¢, Gx — coolant flow at the calculated and variable values, kg/s;

AP®p, — calculated pump pressure drop, Pa;

AP%y,, AP*y, — gravitational pressure of heating systems, respectively, at the lower and
intermediate location of the heat exchanger, Pa;

B —is the coefficient of gravitational pressure.

On the basis of dependencies (1) and (2), (2, a), the hydraulic stability of the scorching
systems can be presented in an offensive way:

G Ang+AP3p
G=—2= S — (1, a)
G AP” +PBAP
c pp gp

The intermediate distribution of the heat source in a multi-storey building allows minimizing
the gravitational pressure in the heating system with piece circulation, at the link with which the
fallowness (1, a) is observed:
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AP®
G pp

AP® +BAP®
pp gp

(1, b)

The established dependence of the hydraulic resistance index (1,b) is illustrated by the graph,
shown in Fig. 1, which shows that the minimization of the gravitational pressure relative to the
pump provides a corresponding increase in the hydraulic stability of heating system.
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Fig. 1. The dependence of the hydraulic stability of the heating system of a multi-storey building on
the ratio of gravitational and pumping components

It is known [1, 3, 6, 10] that an indicator of thermal stability T can be the ratio:

-2, ©)
Q.
where Qx, Qc — heat capacity in the intermediate and lower location of the heat exchanger, W.
If the heat output of heating systems is presented as the total heat flux from all heating
appliances, then for the compared options at the "lower" and "intermediate” location of the heat
source can be written:

Qe =aA (t —%—tr)”m; 4)

_ h Qx 1+m

QX aA(te 2CG X tr) ’ (5)
where A — surface of scorch fittings, m?;

a — constant heat transfer coefficient of the accessory;

t", — is the heat transfer temperature at the entrance to the heating system, °C;

t, — the temperature in the room, °C;

¢ — the average specific heat of the coolant, J/(kg - K);

m — step indicator at temperature pressure.

Representing the temperature difference of the coolant in the heating device in equations (4)
and (5) at the lower location of the heat source in the form:

Qx _AL

20Gy 2
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and the corresponding value for the intermediate placement of the heat exchanger, taking into
account the value G = GX/Gp and (3) in the form of:

Qx _ TQe A4 T
2cGy 26G,G 2 G’
the dependence of the thermal stability on the hydraulic is expressed by an irrational equation (at m
=0.1... 0.5) of the following form:

T 1+m
t; —t.)—0,5A, —
(h r) CG

T= 6
(€ —t)—05A,¢ ©

In case of significant exchanges of water, the solution appears to be close at hand:
S —t,)- 054,

(€ -1)-05A¢
where X — is one of the values of x;, with modulus | x;, | <1, which is obtained using the
corresponding Taylor series expansion, which takes place under the following restrictions:

_ 1 1 1om2
xlyz_m(“m)[(k 1-m)++/(k—1-m) 2m(1+m)}, ™)

in which the generalized parameter K is calculated from the original data:

k:_(the_tr)r‘ (tﬁ_tr)_O’SA’c e (8)
0,54, (t, —t,) |

Analysis of research results. The solution of the obtained equation (6) when combined with
(1, b) is illustrated graphically in Fig. 2.

From the analysis of the presented graphical relationship it follows that the intermediate
placement of the heat exchanger, which minimizes the gravitational pressure, provides an increase
in hydraulic and thermal stability. The reduction of the gravitational component relative to the
pump pressure from 30% to 5% increases, respectively, the hydraulic resistance by 10% (from 0.87
to 0.97) and thermal by 3.2% (from 0.96 to 0.99) in the system with the calculated temperature
difference of the coolant (95-70) ° C.
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Fig. 2. Interrelation of indicators of thermal and hydraulic stability in heating systems of high-rise
buildings
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The scientific substantiation of improvement of an estimation of efficiency of high-rise
buildings water heating systems on the basis of search of a rational level of intermediate placement
of a heat source with the corresponding arrangement of mainlines has been received.

A new approach to the design and evaluation of improvement of water heating systems based
on rational mutual arrangement and interconnection of structural elements is proposed, which
allows to increase the overall efficiency of the systems by eliminating the negative influence of
gravitational pressure, which reduces vertical heat and hydraulic regulation. As a result, the
uniformity and efficiency of heat transfer processes of all devices, both in the design and in the
operating mode of the systems.

Conclusions. Based on the results of the analytical study, a new dependence is obtained in the
form of an irrational equation, which establishes the relationship between thermal and hydraulic
stability. The new technical solution with intermediate placement of the heat source minimizes the
gravitational pressure, which increases the vertical hydraulic stability of the system, and
accordingly reduces the variable part of the excess pressure on the automation. The device of
heating systems of high-rise buildings with intermediate placement of a heat source, minimizing
gravitational pressure, increases hydraulic and thermal stability, and here reduces functional loading
on means of automatic equipment and their cost.
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AHoTanisg. PoGora cmpsiMoBaHa Ha aHANITHYHE BHPINICHHS 3aBJAaHHS BCTAHOBIICHHS
B32€MO3B'SI3KY T1JIPaBIivyHOI Ta TEIUIOBOI CTIMKOCTI AK JJISl TPAAMIIMHUX 0araTornoBEepXOBHX, TaK 1
CYy4acCHHUX aBTOMAaTH30BAHHUX CHUCTEM BOJSHOTO OIAJICHHS BUCOTHUX OyaiBenb. 3 pe3yibTaTiB
OMIAy HAyKOBO-TEXHIYHOI, HOPMATMBHOI JIiTEpaTypd Ta IMATEHTHOIO MOLIYKY BHUIUIMBAE, IO
OTpHMaHi JaHi Ta PEKOMEHJallli HE € BHUYEPIHHMH Ta MOTPEOYIOTh MOJAIBIIMX IOCIHIIKEHB,
MOB'SI3aHUX 3 BHUPIIICHHSIM TEOPETHMYHHMX Ta MPAKTUYHUX 3aBJaHb PO3IJIIHYTOI mpolinemu. Tomy
MOJIANbIIIE BJOCKOHAJICHHS] CUCTEM OIAJICHHS BU3HA4a€ HEOOXITHICTh BUPIIIEHHS HOBUX HAayKOBO-
TEeXHIYHMX 3aB/laHb, pPE3YJbTaTH SKUX MOXYTb CTBOPHUTH HAayKOBO-METOAMYHY O0azy Juis
MIJBUIICHHAS TiIpaBJIiYHOI Ta TEIUIOBOI CTIMKOCTI, €HEPreTHYHOI Ta 3arajibHOl e()eKTHBHOCTI
aBTOMAaTH30BaHUX CUCTEM OIAJIEHHs 0araTonoBepXOBUX Ta BUCOTHHUX OYyliBEb.

Pesynmprarom po0OTHM cCTano aHaNiTUYHE BUPINICHHA 3a7adi i3 BCTAHOBIEHHSM OOIIKY
3aKOHOMIPHOCTI B3a€MO3B'A3KY CHUIBHHUX TiJpaBlIYHMX Ta TEIUIOBUX IIPOLECIB B cCHCTEMax
OMaJeHHS BUCOTHMX OyJiBeNb Ui aHali3y YMOB MOJKJIMBOTO MiJABUIIEHHS  IXHBOT
€HEpProTEXHOJOTYHOI e(EeKTUBHOCTI. 3a yMOB KUIbKICHO-SIKICHOTO PpEryJlOBaHHS TEMJIOBO1
MOTYKHOCTI CUCTEM, 3 YpaxyBaHHSAM 3MIHU TpaBITALIIIHOI CKJIa/10BOi, MOPIBHAHO (DAKTHYHI BTPATH
TUCKY 3 IMEpenajoM JUIsl aHali30BaHUX BapiaHTiB. TeOBY NOTYKHICTb CHUCTEM OIAaJECHHS
PO3IJISIHYTO SIK CyMapHHUI TEMJIOBHM MOTIK BiJl BCIX HarpiBaJIbHUX NMPHIIAJIB, IPU «HUKHBOMY» Ta
«IIPOMDKHOMY» PO3TallyBaHHI JUKepesa TeIUIOTH.

OTprMaHO HOBY 3aJIeKHICTb Yy BHIVISIII IPPalliOHAIBHOTO PIBHSIHHS, SKOI BCTaHOBJIEHO
aHATITUYHUM B3a€MO3B'A30K IPOILECIB TEIUIOBOI Ta TigpaBiiuHoOi cTilikocTi. Iloka3aHo, 1m0 HoOBe
TEXHIYHE PIIIEHHS 3 NMPOMDKHUM PO3MIIIEHHSM JpPKepesia TEIUIOTH MO BUCOTI OyiBII MIHIMI3Yy€E
rpaBiTallifHUN TUCK MTPH POOOTI CHCTEMH ONaJIeHHsI, BHACIIIJJOK YOT0 MiABHILYEThCS i BEpTHKaIbHA
riipaBiiyHa CTIMKICTb, a BIANOBIJHO 3MEHIIYETHCS 3MIHHA YacTHMHA HAJUIMIIKOBOI'O THUCKY Ha
3ac00M aBTOMATUKH.

KuarouoBi cioBa: cucreMu BOASIHOTO OMAJIEHHS, JUKEPENIO TEIUIOTH, PIBEHb PO3MIILEHHS,
MIPUIIAJN, TiApaBIiyHa CTIHKICTh, TEIIOBA CTIUKICTD.
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