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Abstract: Algorithms for hydraulic and thermal calculation of a two-pipe heating network with a
limited number of heat exchangers have been developed. When modeling the functioning of the
network, a single-term representation of the resistance coefficient, analogues of Kirchhoff’s laws
taking into account the variability of the leveling height of the network route, as well as
Shukhov’s formula and the average flow temperature of the coolant at the confluence of flows
were used. Formulas were obtained for determining arc flow rates, nodal pressure and
temperature, taking into account the characteristics of individual heat exchangers. Based on the
proposed calculation method, a software product was compiled and a computational experiment
was carried out within the framework of the quadratic resistance law. Summary calculation
results related to the network and individual heat exchangers are presented. The pressure and
heat losses determined during the calculation make it possible to select the power of the heat
source and pump.
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1. Introduction

To ensure the necessary conditions for temperature and humidity in working and living spaces,
various methods are used. Depending on the coolant, various devices have been developed and
are being developed. If the ambient temperature is high, as is observed in tropical latitudes, then
cooling is organized. If the ambient temperature is low for living and activity, then the room is
insulated. This is required not only for people, but also for fauna and flora, which are part of the
human economy.

The main source of heat for the earth is the Sun. The accepted international solar constant is 1.36
kW/m? . This means that 1 square meter of the surface of the upper atmosphere perpendicular to
the rays perceives 1.36 kW of solar energy. This energy on the entire surface of the Earth from
the Sun increases the power generated by humanity thousands of times. In this regard, the use of
solar energy is one of the main areas of green energy. The use of wind and water energy is also
associated with solar energy [1].

Among natural energy resources, heat occupies a certain place in the bowels of the Earth. Like a
dying star, the Earth transfers its heat to the surface boundary layer of the atmosphere. The
power of this heat transfer process is thousands of times less than solar radiation, but it can also

125 Journal of Engineering, Mechanics and Architecture www. grnjournal.us



be used for the benefit of humanity. Work is underway to use the Earth's temperature gradient [2-
3], including the energy of geysers and groundwater [4] for heating or cooling rooms.

Studying these and other energy sources and developing effective ways to extract them are major
challenges in the world's energy sector. At the same time, in the energy sector, methods and
devices for heating and cooling rooms, which are the subject of research into heat and mass
transfer processes, play an important role [ 5-13]. Mathematical models and methods for solving
heat transfer problems for various geometric and physical forms have been developed [14-16].
Research continues in the area of resource and energy saving when organizing heat and mass
transfer.

In post-Soviet territories there is a transition to individual heating and cooling systems for
premises. Those. Instead of a single centralized heating system, thermal power plants and others
began to widely use more compact and economical heating systems, including modern boilers
and heat exchangers. The calculation of these installations, necessary for the design of a heating
system, is carried out within the framework of empirical dependencies, which are based on the
thermal pressure of the source and drain [17-18]. In particular, the calculation of a multi-section
heat exchanger implies the distribution of coolant among sections, which determines the
intensity of heat exchange with the environment.

Work [19] presents a simplified model of a heat exchanger connected to a single-strand heating
network. The hypothetical basis of this model is the flow of coolant along the outer contour of
the heat exchanger, and the liquid is idle in the internal vertical pipes. The problem of heat
exchange in the working fluid-pipe-environment system is solved within the framework of
boundary conditions of the third kind. In general, analogues of Kirchhoff’s laws, which are
important components in the theory of flow distribution , were used for hydraulic calculations
[20-24].

A similar problem for a heat exchanger connected to a two-strand heating network was formed
by the authors of the work earlier and solved analytically. This solution is used below in
constructing algorithms for hydraulic and thermal calculations of a two-pipe heating network
when a specific hydrodynamic flow regime has been established in the network. For thermal
calculations, Shukhov’s formula was used [12,23], which takes into account the integral
characteristics of the flow and pipeline.

2. Formulation of the problem

A simple two-pipe heating network consists of a boiler, riser, expansion tank, distribution
(upper) and collecting (lower) lines. In Fig. 1 shows a schematic representation of a network
with five heat exchangers.

(ET) 1
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. R, R,| R, R, R
0 v > 3 & 5

Kt—boiler; ET- expansion tank; Q- total flow rate on the riser; O, Q,,... — costs by link; 1,

2,... — points of connection of links to the upper highway; 1', 2',... — connection points to
the lower highway; R, R, ,... —heat exchangers

Figure 1. Schematic representation of a simple two-pipe heating network with five heat
exchangers
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Each link (in the figure (n—1)n(n'(n—1)")) of a two-pipe network consists of a supply part along

the upper main line, a segment and an outlet part along the lower main line. The segment with
the heat exchanger nn' consists of an input jumper with a valve-regulator, the heat exchanger
itself and an output jumper. They are connected from above to the upper line, and from below to

the lower line. The total difference in the leveling height n of the th segment is }'zn —h,. Here
/zn , h are the leveling heights 7 of the th nodes of the upper and lower highways.

The distribution (upper) line (012345 in the figure) starts from the expansion tank and reaches
the upper node of the final N segment. The (lower) line collecting spent working fluid (in the
figure 0'1'2'3'4'5") starts from the lower node N of the th segment and ends at the bottom of

the container in the furnace.

The distance from the bottom of the boiler to the expansion tank is equal to the sum of the height
of the boiler with the length of the riser and is H = ho —h,. Each n link (n—1)n has its own

link lengths with lengths L, in the upper and lower lines. Parts n(n+1) of the upper line have
internal D, and external D, diameters, resistance coefficient 2% and length L,, leveling height

D!, A%, L', h,are entered for

n’

h,, measured from the zero level 0'. Same designations D’

parts n'(n+1)" for the lower main.
The costs by segments are O, O,,... O,, the sum of which, according to the law of

conservation of mass, is equal to the total water consumption Q in the network.

Each segment (in the figure (n—1)nn'(n—1)") consists of upper and lower jumpers with lengths

[ and [I'". They are made from the same pipe with a diameter D, and thickness &,. The
resistance coefficient of the vertical component segments is A,. The upper and lower jumpers are

connected to each other 7 by a heat exchanger (in the figure R ), the parameters of which,

except for the number of sections and ambient temperature, are the same.

We need to find the nodal pressures and temperatures of the working agent, for the calculation of
which we also need the values of local flow rates. Those. the problem of flow distribution in a
two-pipe network is solved.

3. Materials, methods and object of study

The mathematical apparatus involved is built taking into account the force of gravity. The heated
coolant rises from the boiler to the expansion tank. The low density of water in the boiler serves
as a driving force and gravity and friction work against it. Next, the heated coolant enters the
upper line. It has a negative slope and possibly telescopic : from a large diameter to a smaller
diameter.

The flow is distributed into segments along which the working unit descends down to the lower
line. The lower main also has a negative slope in the direction of flow and is possibly telescopic .

With this schematization, the main problem of the theory of flow distribution is solved in
advance [20-24,26] - the flow directions in the arcs of a complex network are determined.
Despite this, it is quite difficult to use the provisions of the theory of flow distribution , so below
we use formulas for hydraulic calculation of the network using analogues of Kirchhoff’s laws, as
well as the formula for the pressure drop in a heat exchanger with M sections.

The pressure drop in an elementary section from the beginning ( H ) to the end ( K ) takes into
account changes in the leveling height and friction force of the pipeline:

Py + P8y = py + pghy — Qz-

2Dpf?
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Such a quasi-one-dimensional representation of the law of conservation of momentum for a
pipeline of circular cross-section is universal in nature from the point of view of the
hydrodynamic flow regime, because drag coefficient

2=¢(k/ D)’ Re’

takes into account all flow regimes. For given values of the equivalent roughness coefficient &

and Reynolds number Rethe formula covers all five flow regimes and is called the generalized
Leibenzon formula .

According to [25-26], in the laminar flow regime, constant formulas can be used according to the
Stokes formula (é’ =64, =0, o= —1) , in the transition regime - the Zaichenko formula , in
the smooth regime of turbulent flow around roughness - (é’ =0.0025, =0, p=1/ 3) the

Blasius formula (é/ =0.3164, =0, p=—1/ 4), in mixed — Leibenzon formula
(é’ = 10_0'627, 0=0,127, p = —0.123), and in the developed form — Shifrinson’s formula
(§=0.11, 6=0.25, §0=0).

The law of conservation of mass takes into account the mutual equality of input and output costs.

The volumetric flow rates in the sections of the arcs 77and 7' are mutually equal, because in the

direction of flow they have positive knowledge. In addition, as already noted, there is equality
M+1

0= le 0,

Analogs of Kirchhoff's first and second laws were used in hydraulic calculations [ | .

The law of heat conservation in an elementary area is described by Shukhov’s formula [12,23]:
T, =T,.+(T, T, )exp(=Shl).

Here T, is the temperature of the coolant at the outlet of the section; 7},, 7, — inlet temperature

kcpﬂ'Dop
pocy

transfer coefficient between the liquid and the environment through the walls of the pipeline;
7D,,— external area of the pipeline per linear meter; Q- volumetric flow rate of liquid; c;—

and ambient temperature; Sh = — Shukhov parameter; k_,— the average value of the heat

specific heat capacity of the pipeline material.

Thermal calculations take into account the formula for the average temperature of mutually
combining flows.

Let's start with the hydraulic calculation of a two-pipe network.

In the jumpers, the fluid flow is Q. At a given inlet pressure p, = p, at node 1, the pressure is
determined from the formula:

Py +pg<hg _}hv)_pl =Ky Q"

gn
Here K& = A Pl ; hy —h'— change in leveling height in part of the link from the upper and
1 2D fz 0 1
g8

lower pipes.

The pressure drop across the elementary link 1'0’is determined from the formula
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py+pgh" k)~ py =K' 0"
Note that the diameter D, for the upper and lower lines was taken to be the same value. Also,

the lengths of the links in the upper and lower mains are the same and amount to L.

If n=1 those. the network consists of one segment , then the pressure drop formula for a
segment with a heat exchanger is:

ﬂ“vpllz_'_erAj + ;l‘vpllz Qa.
2D, f; ' 2D, f;

pl+pg(hf—hf')—p{=(

This r,, takes into account the number of sections M, height and length of individual sections

of the 1st heat exchanger:

;1/2Kg +r K,
r,o= .
" 4K, +¢2K, +r, K,

Calculation 7, is carried out from 7, =1 recurrently for K, =

APle o _ AP

v

2° v 2°
2Dgfg 2D, f,

That for a network consisting of one segment, summing the last three equalities term by term ,
we obtain the formula

oo . APl a  APY | e
Do+ pg(hy —hy )— py :£K§ +2va;vz +erM, +2Dv}vz +K§ JQ .

Let's proceed to the hydraulic calculation of a network with N segments .
We divide the network into links 1, 2, ..., N. Each n link includes an upper arc (n—1)n, n a

segment with heat exchanger M, sections and a lower arc n'(n—1)".

The total difference in leveling height between the upper and lower points of the link is 4, —# .
The pressure loss in part of the link in the upper line is calculated from the flow rate

q, :Qn:Q_iQi (%:Qa q9,=0-0, qZZQ_Ql_QZ"')a

. . 4
which is the same as the flow rate g, of the lower arc (n + 1) n'.

Accordingly, the total pressure loss in 72 the th segment is determined by the dependence

Apl Apl
+ h —h)—p, =—"0+K r; Q"+ —>""0%=A 0.
pn pg( n n) pn ZDVf;Z Qn v M"Qn ZDVf;Z Qn nQn

n

In the composition, A, through the term, K r;; Q7 the pressure drop across 7 the th heat

exchanger with M, sections at flow rate is taken into account Q . The first and third terms A
reflect the pressure difference in the upper and lower bridges of the segment.

To determine the pressure values at the connection nodes of links and link flow rates for a fixed
number of connected network segments, we use the method of mathematical induction. Those.
with an increase in the number of segments, as was done for calculating a multi-section heat
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exchanger, starting from two segments. In this case, the calculation of values p, is p,carried
out separately from this algorithm.

Consider a network consisting of two segments (Fig. 2).

Let's consider the contour separately 122'1. This corresponds to a two-segment system in which
the remaining segments 3, 4 ,... are disabled. The meanings of p, and p, are defined above.

=1
A Y
e
Y
lib

Figure 2. A network consisting of two segments.

Let's calculate the pressure drop along an arc 11’ (in a segment) consisting of three parts,

D +pg(h1 _hl,)_pl’ =

_ //i’vpllz +K e+ /,i’vpllz
2D, f; ' 2D f;

Qla = /_\1Q1a

and along an arc 122'1" consisting of five parts:

p+pg(h—h)-p/ =

av v v! gan
— ﬂ'l IOL; + //i’vpllz +erj\{/)[t + ﬂ’vpl22 + ﬂ'l pL21 Q;t :Ang-
2D, f> 2D,f; : 2D f? 2D,f

g

Here, the first and last terms A, take into account pressure losses in parts of the upper and lower
lines, which have the same length L,. The left sides of the equalities are mutually equal, then
their right sides will also be mutually equal:

MO =05,
From here we find
0 =5,0,,
where
ﬂf”pLzl + /1”0[2: +K iy + ﬂvplzv; + 21gn,0L21
Szlza% aZDgfg 2D, f; 2D,f? 2D, f; |

\4

7,
2D, f> VM 2D f?

! APE o, APL

Here the index ,, 21 “ refers the result to the first segment of the two-segment network.

Because

Q:Q1 +Q2 = S21Qz +Qz = (1+521)Q2,
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then we have

S,

0, Q=—-0.

0, = 1+S2] 1+S2,

All that remains is to find pl' :

(s Y
'=p + —h)+A 2 “.
P =D pg(hl 1) 1(14—5’21} 0

Let's consider a network of three segments (Fig. 3).

.

5
Ii.
w

\

Figure 3. A network consisting of two segments. Let's repeat.

Let's repeat the procedure from the first algorithm for calculating a multi-section heat exchanger.
The difference is that instead of identical sections, in this case each link has its own indicators.

Let's calculate the pressure loss on the arcs 22" and 233'2':

p2+,0g(h2+h2')—p§ =

[ APL L g APh

re = -,
2vav2 v, T ZDf JQz 2Qz

Pz"‘pg(hz"'hz')_pz =

gv v vl gn
_| A pLzz N ﬂvplgz K+ APl A" pL 0% = AOF.
2D, f? 2D,f 2D f? "D L

From the last parts of the equalities we get
0, =5,0;,

where

gv v v! gn
%) pL22 " Z’vpl32 +erﬂ2 " /1vp132 +ﬂz pLzz
/_\3 _ 2D, f; 2D,J, 2D,f; 2D, f,
A & v v )
2 ﬂ’vplzz +K %+ ﬂ'vaZZ
2D, f; > 2D f,

Now let's turn to the contour 122'1".

The flow rate along the arcs 12 and 2'1 is equal to Q—(,, and along the arc 22'—(,. That's
why
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, APl « A o
p1+,0g(h1+hl)p1'=(ﬁ+KJM1 2Dp]1, ]Q] _( 1Q1 =)

gv v v gn
_|ApL, APl Kl ﬂzplrz APl 0% (= A,0¢).
2D, f? "D, s 2D, f? 2D, f?

From here we find
Q1 = S31Q2’
where S;, =35,

According to the model,

0=0+0,+0,=5,0,+0,+0; = 32(1+S31)Q3+Q3 [1""532 1+S31 ]Qs

It follows that

1

Q3_1+S32(1+S3])Q’
_ S32

Q2_1+S32(1+S31)Q’
S..S

le 32~31 Q

148, (1+5;,)
In this case, the pressure loss in the heat exchanger is
p1" =D +,0g(h1 _hl')+1_\1Q1a =
_ S,S ‘
=p+ —h)+A | —232—| 0“.
b pg(hl 1) 1£1+S32(1+S31)j 0

Consider a network of four segments (see Fig. 2 without the left part) .

Following the steps to calculate a network of three segments, we have

Q3 = S43Q4’

where

gv v vf gn
% pLg N ﬂvphz FK 4 APl A PL
¢ _ |2DS 2D, 2D, f? Y S
43 T a >

4

7,
2D, f> VM 2D f?

Qz = S42Q3 >

where §,, =5,,;

Q] = S41Q2’
where §,, =5,,.

Here
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0=0+0,+0,+0, =[1+8,(1+5,)]0,+0, =

={148,[1+5, (1+5,.) ] ..
From here we find

Q

0, = 148, [ 1+, (1+5,)]
Then
0, >

= Q’
148, [ 148, (1+5,,)]

— SuSu
1+S,[1+8, (1+S,)

0, 0.
]

— S84
1+, [1+S42(1+S41)

9 0.
]

M+K o +/%Lllzwe have

In this case, when /_\1 = 3 v,
2D, f. ' 2D,f,

S43S42S41 Qa.
148, [1+8, (1+S,,) ]

The result is a visual algorithm for calculating a network of N links.

p{r—pl+pg(h—’4)—7\1[

If the number of links (segments) is equal to N, then for the flow rate of the first segment we
have the formula

Q _ SN(N—I)SN(N—2)"‘SN3SN2SN1 Q
1=
1+ Sy | 1+ Synny (1483, (148,

for the flow rate n of the th segment —

SN(N—I)SN(N—Z)"'SNn 0
1+ Sy 1+ Syor oy (1483, (148,,)) |~

for the flow rate N —1 of the th segment —

n

Oy = Svovy 0
T 1 Sy [ 1+ Sy (1483, (1454 |

and for the flow rate N of the th segment —

1Sy [ 1+ Sy (183, (1454, |

Using these values, arc flow rates are calculated:

Oy

along the arcs 01 and 0’1" the flow rate is g, = QO;

along the arcs 12 and 2'l'the flow rate is ¢, =0 —Q;;
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along arcs 23 and 32" the flow rate is ¢, =0 -0, - O,;...

along arcs n(n+1) and (n+1)' n' the flow rate is g, = Q—Zn:Q[;...

i=1

along arcs N(N—1), NN" and N'(N—l)' the flow rate is g, =Q—iQi.

i=1
With known values of flow rate and local difference in leveling height, it is not difficult to
calculate the values of all nodal pressures. But of the nodal pressures we are only interested in
Po-

| APLy , APE e o APE AL

2D ! 2D,f; ) e 2D, f! o

Py =p0+pg(h0+h(;)

All arc costs that are necessary for thermal calculations, as well as the pressure loss on the
network, have been determined.

Thermal calculation of the network within the framework of the Shukhov formula is carried
out for all arcs that are taken into account when calculating individual heat exchangers.

At the outlet of the expansion tank, the temperature of the heated water is 7,,. We need to find
the temperature of the exhaust liquid 7. at the inlet to the boiler, i.e. at the end of the two-strand
part of the pipeline.

First, we determine the nodal water temperatures in the upper main, where the flow rate

decreases along the way. Next, we will determine the temperature differences in the links
between the upper and lower lines, where the flow rate is O, . At the nodes of the lower main line

we find the average temperature of the working agent depending on the flow rates of the
mutually connecting flows.

In order not to pile up the volume of calculations, we assume that in the zone n of the th link the
ambient temperature is 7 . Since the proportions of the temperature difference in parts of the

upper and lower mains are small, then with this assumption the error will be quite small.

Arc 01 . At the end of the arc, the coolant temperature is

T =T +(Ty =T Jexp(=Sh Ly),

oc0

k., (D, + 20,
where Sh, = o OQ 0).
PCp

Arc 02 . At the end of this segment we have

T,=T,, +(T1 _Tocl)exp(_ShZ Ll)’
k. (D, +20,
where Sh, =2 (B 1).Etc...
PCBY,
Ares n(n+ 1) for n<N . The final temperature at the exit of these arcs, with the designation
k m(D,  +20
Sh, ., =-2 (D "“), will be
pCquHl
T;H—l = 7:)6/1 +(7—:1 _T;cn)exp(_ShnH Ln)

134 journal of Engineering, Mechanics and Architecture www. grnjournal.us



Arc (N —I)NN '(N —1)’. The fluid flow through this three-link arc is constant and amounts to

Q, - Let's carry out the calculation along the arcs.
Are (N-1)N:

Iy=T,, +(TN—1 — T, v )eXp(_ShN Ly, )

Are NN'. This is a segment with N a heat exchanger.

For each n segment with a heat exchanger, the temperature is calculated in three steps. In the
first step, the temperature value at the end of the upper jumper (i.e. at the inlet to the heat
exchanger) is calculated:

T, =T,+(T,~T,,)exp(-Sh,, h,)

k,7(D,+26,) .
pcBQn

at Sh,, =

For the heat exchanger, the calculation is carried out using our formulas. As a result, the value of
the water temperature 7, at the outlet of the heat exchanger at the inlet water temperature is

determined 7. The value T , is used in the formula for the temperature at the lower end of the
downstream pipe:

T, =T, +(T,,~T,,)exp(~Sh,, 1)

kcpﬂ'(DV +20, ) .
pcBQn

at Sh,,, =

Here, according to the model, the vertical pipes have the same diameters D, and thicknesses &, .

This entire three-step process can be expressed through the relationship 7, = F (n,Tn,Qn ), which

is facilitated by the materials for the heat exchanger. And for the arc NN’ we use this algorithm
and as a result we find the value 7.

Arc N'(N—l)'. Here we have

=T, + (TN’ - TocN')eXp(_ShN' LN’)

(-1

k,7(Dy. +265,)

at Shy, = o0
B=N

The node (N —1)’ is characterized by the fact that the flows along the arcs NN'(with flow rate

Qy_, and temperature 7, ) and (N —I)NN ’(N —1), (with flow rate Q,, and temperature T(N_l),)
will merge into a common flow flowing along the arc (N —1),(N —2)'. In this regard, we

!

determine the average flow temperature of water at the outlet of the unit (N - 1)

T _ QN—IT-('N_l)' + QN]’(’N—])’

(¥-1) Oy, ’
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where was taken into account Q, , =0, , + 0, , and the value T(N . was calculated using the
formula 7, = F(N—-1,T,_,0y_)-
The average temperature of the liquid is calculated similarly at
n=(N-2), (N-3),..3, 2, 1"
Qn]—;: + Qn+lT
7:1' = a
anl

The final calculated temperature value 7, corresponds to the temperature of the coolant at the

1)

outlet of the heat exchanger. Using it, we find the temperature value at the outlet from the
network (i.e. at the entrance to the furnace ):

T =Ty =T, +(T, ~ T, )exp(=Shy L,),
kcpﬂ' (D(; + 25(;)

Where Sh, = .
pcyQ

This is the proposed algorithm for calculating the temperature difference of the liquid working
agent in a two-pipe network with /N heat exchangers. Note that the calculation for a separate
link with a heat exchanger was carried out above with the corresponding elements.

4. Results

As an example, we calculated a two-strand heating network with five radiators.

The radiator parameters were:/ =0.07 m, h=0.60 m, h,=0.15 m, Dg =0.03 m,
D,=0.01 m, §,=0.03 m, 5,=0.08 m, A, =0.002, 4 =0.002.

The diameters of the jumpers (pipelines in segments) were D, =0.03 m1, their thickness was

) b= 0.05 m,the resistance coefficient — ﬂp =0.002 . In all other arcs, the value of the drag

025
coefficient was calculated for the quadratic flow regime: A=0.1 l(k / D) at k=0.005 m

The inlet fluid velocity was w=0.8000 m /s, which corresponds to the volumetric flow rate
0=1.0053 m’/s.

The values of other network indicators are presented in the following table. 1

Table 1. Summary table of initial data for calculation two-strand heating network with five
radiators

Arc or node numbers

0 1 2 3 4 5
Length of the upper and lower arcs, m | 10.0 8.0 10.0 5.0 10.0 10.0
Diameters of the urpfer and lower arcs, 0.40 0.40 0.40 0.35 0.35 0.35
Wall thicknesses of the upper and lower | 5451 005 | 0.005 | 0.004 | 0.004 | 0.004

arches, m

Leveling height of the upper nodes, m | 3.50 | 349 | 347 | 345 | 3.42 3.40
Leveling height of lower nodes m 0.000 | 0.010 | 0.030 | 0.050 | 0.080 | 0.100

Indicators
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Leveling height of the upper arc

350 | 3.49 | 347 | 345 | 342 3.40
assembly, m
Leveling height of the lower arc unit, m | 0.0 0.01 0.03 0.05 0.08 0.1
Length of the upper vertical pipe, m — 2.78 274 | 2770 | 2.64 2.60
Length of the lower vertical pipe, m — 0.10 0.10 | 0.10 | 0.10 0.10
Number of sections in radiators - 12 10 15 8 7
Ambient temperature, in Celsius 15 20 17 15 17 20

Let us present the calculation results.

The developed software product allows you to obtain complete information about each
individual heat exchanger. To control the progress of the calculation, the values of the same
indicators were additionally printed for each heat exchanger. In particular , for the 4th heat
exchanger with 8 fins, the following results were obtained (Table 2).

Table 2. Summary table of calculated data two-strand heating network with five radiators

Numbers of arcs or network nodes

Indicators

0 1 2 3 4 5
= 2|8 3| %
Area costs of the upper and ) — —_ o0 S
= ~ 0 < !
lower arcs, /s S t~ e A —
— S S S S
0 S (e ) [e°]
o0 ] o AN <t
. o (o)} [sa) [ S
Precinct costs of segments, I/ s cn — =) 00 D
AN AN AN = =
S S S S S
\O o S Ve S
= ‘1 o 1 - ‘N
= Ay Ne) o~ 00 v
Nodal pressure of the upper arc, S A L = S ey
P < 0 ") 9\ ) o)
a N <t @\ — S S
i — — — — —
— — — — —
N o o~ N %0
o | = | | < o
[l [ on \O
Pressure at the lower end of the N o 0 3 S
segment, Pa a A hi S =
< < < < <
— — — — —
o~ N <t o~ N o
— © | | v | S o
Nodal pressure of the lower arc, & < ht! S 3 s
P (o) S o \O () —
a — = o) = — —
on on on < < <
— — — — — —
Nodal temperatures of the upper | o = 8 = = 8
C = oN 00 N v =
arc, o © © © o
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Coolant temperature at the & A " A 2
lower end of the segments, C X 3 N NS A
Nodal temperatures of the lower & N S S = )
arc, C P P A Ay 3 X

» Vo) v <t v < <

Table 3. Calculation results for the second heat exchanger with eight sections

Numbers of arcs or heat exchanger units
Radiator performance
P 1 2 3 4 5 6 7 8
e [©)) \O on \O o~ 0 on
sl gl g B g =] €| %
Upper arc flow, I/ s oo N én — o e, < I
— — — — [e) (o) =1 (=)
S S S S S S S S
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. <t <t on o o (g} (g} (g}
Vertical arc flow, I/ s N N N N N N N N
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b= ® e o = G o ©
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Upper nodal pressures, Pa Sy L P L Q Q Q S
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< < < < < < < <
— — — — — — — —
v o0 [ on o>~ (@) () —
— S e < < < @ "
g5l 8| 8| 8| 8] 8| 8
Lower nodal pressures, Pa a q q g a a a a
— — — — — — — —
< < < < < < < <
— — — — — — — —
: \O [} o0 () on () wn o>
Temperatures in the upper A S ~ 3 N ) o <
0 o o Al N N
nodes, ° C 3 3 Ne) Ne) © © v v
Temperature at the lower " <+ o o n — o o
d of th rtical pi 0 o ) — x® A = ™ N
end of the vertical pipes, - o = ~ a8 - S _
C v v v v v v v v
Temperatures in the lower & g Qg 3 K 3 K 3
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5. Conclusion

A model and algorithm for calculating a modern heat exchanger and a two-strand heating
network within the framework of a quasi-one-dimensional approach are proposed.

When describing mass transfer, the factor of leveling height was taken into account, a single-
term representation of the law of friction resistance and analogues of Kirchhoff's laws were used.
When modeling heat transfer, the Shukhov and average flow temperature formulas were used.

Analytical formulas are obtained for calculating the flow rates for the elements of the upper and
lower arcs, as well as for the vertical segments, and the nodal pressure and temperature of the
working fluid in a network with a limited number of segments and its multi-section heat
exchangers.

Using the proposed algorithms for calculating the network and its active element, a software
product was developed and a computational experiment was carried out to determine the
pressure loss and heat of the coolant.

It was revealed that the lowest value of the coolant temperature is observed in the lower part of
the most finished element (heat exchanger and segment).
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