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The problem of flow control of the heat carrier with a significant reduction of its temperature is
studied. Several solutions to this problem are found taking into account the required amount of heat
to the consumer. In this case, the heating supply object seems to be an equivalent heating device.
An acceptable range of temperature reduction in the heat supply pipe is found in which the problem
of 100 % heat supply can be solved by increasing the flow of the heat carrier. It has been shown that
this range can be significantly extended if there can be some decline in the quality of the heating
supply — delivered volume of heat. The results can be used in the development of low-temperature
heating modes — graphs of quantitative regulation of the heating supply.

Keywords: low-temperature heating, flow control of the heat carrier, equivalent heater, accep-
table range of temperature decrease, quantitative regulation of heating load.

Introduction

It is known that power supplying organizations often significantly reduce the heat carrier tempera-
ture in flow pipes of heating networks, which results in breaking schedules of qualitative regulation of
the heat supply [1], these organizations require 100 % payment of heating supply services from consu-
mers who do not have heat meters. The latter is explained by the fact that the required amount of heat is
supposedly delivered by means of “consumption”, however, as a rule, it is not explained how this prob-
lem can be solved. Moreover, giving the same reasons, these organizations ignore the complaints from
all categories of consumers concerning the decline in the quality of heating services and hot water
supply. Along with this, there is a very important question of how to change the heat carrier flow with
its temperature being reduced greatly for the heating supply problem to be solved properly with the help
of the available equipment.

The first solution of the problem

Suppose there is a need to calculate such heat carrier flow with which the delivered flow of heat
(the volume of heat transported through the cross-section of the heat pipe per unit time) will be the same
with the temperature of the heat carrier ¢, as well as with its own temperature (z+ Az) . Obviously, there

must be the ratio:
Gt=(G+AG)(t+At) , (D)
where G — mass flow of the heat carrier, AG — its increment.

That is why a new flow must be calculated according to the formula
Gt 1

=G .
t+At  14Atft

In this case, one can see that the relative change in the flow AG/G and relative change in the tem-

G+AG =

)

perature of the heat carrier which determines the flow Az/¢ will be connected with the ratio

AG At 3)
G 1+Att
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In this case, it is understandable, that the limited value Az/t equals —1, this is when the temperature
of the heat carrier will be decreased by 0°C and Afr=-¢. That is why the next limit will be equal to

A}irn 1(AG/ G):oo’ i.e., the heat carrier flow must be increased tooo. In Fig. 1 there is a dependency
tt——

graph (3) in percentage terms.
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Fig. 1. The dependence of the relative change in the heat carrier flow
on the relative change in its temperature

Fig. 1 shows that with the temperature increase in the heat carrier its flow should be reduced, in par-
ticular, with a 100 % increase— to 50 %.

It should be taken into consideration that the new flow (G+AG) normally is a function of the out-
door air temperature ¢, because the temperature of the heat carrier ¢ in the formula (2) depends on ¢,
i.e., the numerical value ¢ is calculated by means of temperature graphs of the heat supply [1-3]. That is
why in general with different 7, the flow increment is necessary AG. Only if A#/f=const in all
the range of an outdoorl temperature change, then AG=const, if, of course, a qualitative regulation of
heat flows was used in the first place.

The second solution of the problem

The first solution of the problem does not take into account the actual limitations on the temperature
of the return water; a freezing condition of the heat carrier in the heat pipe is not allowed. Thus, we are
going to solve this problem, but on condition, that the temperature of the return water ¢4, =const with

any heat supply mode. In this case, there must be the following ratio:

In this regard, the new flow should be calculated according to the formula
G+AG=G % ®))

1+At )t —tger [t
It is easy to notice, that with the low-temperature heating there is ¢z, —¢< At<0, that is why
the limit value Az equals (fzpr —¢) . Thus, the formula (5) shows that At —(tzzr —t) (G+AG)— o,

which agrees with simple physical considerations.
According to (5), the formula for relative flow changes AG/G will be following

AG _ —At/t

= -1 6
G 1+ Atft—tgpr/t ©)
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This dependency graph for =150 °C and #,;;, =30°C is in Fig. 2.
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Fig. 2. The dependence of relative flow changes of the heat carrier on relative
changes in its temperature at a constant temperature of the return water

Fig. 1, 2 show that under equal conditions the restriction on the temperature of the return water
leads to the necessity of increasing the heat carrier flow by a greater amount compared to when there are
no such restrictions.

The third solution of the problem

In fact, during the flow control, it is important for the heat-transfer equipment of the consumer to
“get” a necessary amount of warmth from the heat carrier. Therefore, we consider the solution of
the problem of heat carrier flow control in these conditions; and the heat-transfer equipment of the con-
sumer, as it has already been tested, will be an equivalent heating device [1-4].

That is why we are going to find the new flow (G+AG) for the new heat carrier temperature

(t+At) on the basis of the ratio [5-8]:
1+kF/(2cG) 1+kF/[2¢(G+AG)]’

where kF' — the product of the heat-transfer coefficient in the area of the heat-transfer surface of

(7

the equivalent heating device [5-8], ¢ — the specific heat capacity of the heat carrier, #; — the internal

air temperature of a heat supply facility.

The ratio (7) states the fact, that the heat-transfer of the equivalent heating device should be
the same with the former heat carrier flow and its temperature as well as with the new heat carrier flow
and its new temperature. Having done some transformations, we will get that

kF (t—1,)

G+AG= . (8)
2eAt+kF(t+At—1;)/G

The formula for a relative flow change AG/G will be the following

AG —At/t— (kF)/(2¢G) - At/t )

G At/t+ (kF)/(2cG)-(1+At/t—t, /1)’

The formula (8) shows what the new heat carrier flow should be (G+AG) when the temperature
decreases ¢ to the value At.

According to the condition of physical realization in the ratio (7), there must be AG >0 with low-
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temperature heat supply Az<0. The numerator of the formula (9) is a positive value; therefore, its de-
nominator must also be a positive value that means that there must be
Atft+ (kF)[(2cG) - (1+At/t—t, [t)>0. (10)
This implies that with the low-temperature heat supply the value A must correspond to the inequality:
>l 11
1+(2¢G)/(kF) (1
Thus, it is possible “to take” the necessary amount of warmth from the heat carrier only in case
of the inequality (11). If Az will be equal to the value on the right side of the inequality (11), then
#4_ 0
14+(2¢G)/(kF)

To the left of the breakpoint, the formulas (8) and (9) according to the condition of physical realization
cannot be used.
In Fig. 3 there is a dependency graph (9) for 1=150°C, ¢, =18°C and (kF)/(2¢G)=0.1938.

In this case, there must be Ar>—-21.43 °C.

the function (9) will have a break of 2-nd type, because AG/G — o when At — —
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Fig. 3. The dependence of a relative change in the heat carrier flow on a relative
change of its temperature taking into account characteristics of consumer’s
heat-transfer equipment

As one can see in Fig. 3 the decrease in temperature of the heat carrier in this case requires a quite
significant increase in its flow, for example, decreasing the temperature only by 10 °C the heat carrier

flow must be increased more than by 87 %. Only, in this case, the consumer with the heat-recovery

equipment will get the necessary amount of warmth.
If we denote the temperature of the return water for the first mode of heating supply as tzz;, and

for the second mode as t,7 ,, then it is easy to understand that there must be the following ratio:

From this formula, it follows that
G
t+At—tRET2=m(Z_tRET1)' (13)

With low-temperature heating supply there is G/(G+AG) <1, then it turns out that
(t+At—tppr2)S(t—trery), 1.€., the flow increase leads to temperature difference being reduced be-

tween the direct and return water.
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From the formula (12), it follows that

G
trpr 2 =(t+AL) — G1AG (t—trgr1)- (14)
That is why
AG
tRETl_tRET2:m (trer1—1)—At. (15)

Since fzzr;—t<0 and Ar<0 with the low-temperature heating supply, thus, it means that
(tggr1— trer2) Wwhich can be more or less than zero, i.e. the temperature of the return water in

the second low-temperature mode can be higher or lower than the temperature of the return water in
the first (basic) mode of the heating supply.

It is known that the capacity of the heat-transfer equipment (heat flow) of the client can be de-
scribed with the help of the following formula [2, 3, 5]:

_kF(tgeri=t;)  kF(tgera —1p)
1= kF/(2¢G)  1- kF [2¢(G+AG)]

and it is also known, that in the operating range kF/(2cG) <1, therefore, both denominators in the ratio

(16)

CL

(16) are positive, thus (taking into account that W, >0), in both modes fzzr >t; and fzpr, >1;,

which agrees with the simple physical reasoning, and therefore confirms the validity and the physical
realization of the above- mentioned results.

The fourth solution of the problem
The inequality (11) shows the limit value Af, in which from the heat carrier with its flow one can

“get” the right amount of warmth. This value is not big, for example, when ¢ =150°C, ¢, =18°C and
kF/(2¢G) =0.1938 there must be Ar>-21.43 °C. The practice usually allows some reduction in con-

sumption of heat and the consequent slight decrease in the temperature of the internal air. Therefore, we
assume that with the low-temperature heating supply the consumed heat can be a certain proportion ¢

of the basic mode heat, it is clear, that 0<p<1.
So we are going to find the new flow (G+AG) for the temperature of the heat carrier (¢+At), ac-

cording to this ratio:
kF(t=t;)  kF(t+At—t;)

(0} = . (17)
1+kF/(2cG) 1+kF/[2¢(G+AG)]
Having done some transformations, we will get that
G+AG= — QRE(t=t;) . (18)
21+ )+ At—ty) —p(t—1;)]
2cG
So, the value Af must satisfy the inequality:
rpo (1=t+2¢G/(kF)-(1=9)] 19)

14+2¢G/(kF)

Comparing the inequalities (11) and (19), we have come to the conclusion, that the limit value Atz

became bigger, in particular, for t=150°C, ¢, =18°C, kF/(2¢G)=0.1938 and ¢=0.8 must be
At>—-43.55°C.

It is necessary to pay attention to the fact that solving this problem there was made the assumption —
it is considered that some decrease in the temperature of the internal air with the low-temperature heating

supply does not affect the result very much. In fact, it is unlikely that the value (#+A¢—¢;) will change
greatly due to this (due to #; ). Moreover, it is necessary to keep in mind that with the decrease ¢,
the actual value of the variable will be a little bit bigger than the value in the formula (17), that is why
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the actual heat-transfer of a heating supply system will also be higher than it is supposed to be when
solving a problem.
However, if one solves this task carefully, it turns out that the new reduced temperature of the inter-

nal air tf can be calculated according to the equation
F(t—
ot +o kF (t—t;) 1 ,
1+kF/(2¢G) q,V

where t, — the outdoor area temperature, g;, — the average specific heat characteristic of buildings of

(20)

the area, and V' — their total volume. The new flow should be calculated according to the equation
OkF (t—t;)

P kF
2.6 A= 10) —olt=1)(1 +q7/)]

Thus, the acceptable range of the decrease in the temperature of the heat carrier, when the consumer
can get the necessary amount of warmth according to the weather (¢ of the basic mode is a function of

G+AG=

(21)
2e[(1+

the temperature of the outdoor air ¢,), is very limited. If Az decreases by a big value, then there is
a decline in the quality of heating supply and only less amount of heat can be delivered to the consumer.

Conclusion

There have been found four solutions to the problem that deals with the heat carrier flow control
with its temperature being decreased in flow pipes. It has been concluded that the acceptable range of
the decrease in the temperature of the heat carrier, when the consumer can get the necessary amount of
warmth according to the weather, is very limited. If the temperature decreases by a big value, then there
is a decline in the quality of the heating supply and only less amount of heat can be delivered to the con-
sumer — a proportion of the basic mode heat.
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YMNPABJIEHUE PACXOOOM TEMJIOHOCUTENA
B TEMJIOTPAHCIOPTHbLIX CUCTEMAX

B.U. MaHgepos, C.B. lNMaHghepos
FOxHo-Ypanbckuli 2ocydapcmeeHHbil yHusepcumem, 2. HensbuHck

PaccMoTpeHa 3ajaua ympaBlIeHHS! PAacXOJOM TEIUIOHOCHTENS MPU CYIIECTBEHHOM CHIKCHUH
€ro temreparypsl. Pa3paboTaHO HECKOJIbKO BapUAHTOB PEIICHHS 3TOW 3a/a4d, B TOM YHCJIC U MPH
YCJIOBUH CheMa TOTpeOuTeNeM TpedyeMoro 1o MoroAe KOJWYeCcTBa TEIUoThl. [Ipu 3TOM, Kak 3TO U
OOIIETIPUHATO, OOBEKT TEIUIOCHAOKEHHSI MPEACTABIIETCS SKBUBAJICHTHBIM OTONMHUTEIBHBIM MPUOO-
poMm. HalineH nonmycTHMBIN [Mana3oH CHMKEHUS TEMIIEpaTypbl B IOJAIOLIEM TEIUIONPOBOAE, IIPHU
koTopoMm 3aaada 100%-HOTo TemnocHa0KeHHs elle MOXKeT OBITh pellieHa 3a CUeT YBEITUUYCHUS pac-
xo/1a TersioHocutelis. [loka3zaHo, 4TO 3TOT JUana3oH MOXET ObITh 3aMETHO PacUIMPEH, €CIIH JIOIyC-
KaeTcsi HEKOTOpOe YXy/IIEHHE KaueCTBa TEIJIOCHAOKEHUSI — KOJIMYECTBA JOCTABISIEMOU TETIJIOTHI.
Pe3ynbTaThl paboThl MOTYT OBITH HCIOJB30BAHBI [IPU Pa3pabOTKe PEKUMOB HHU3KOTEMIEPATYPHOTO
TEIIOCHA0KEeHUST — rPaPUKOB KOJMYESCTBEHHOTO PETryIHPOBAHMS OTIYCKa TEIUIOTHI (TEIUIOBOM Ha-
TPY3KN).

Knioueswie crosa: nuskomemnepamypHoe meniocHabdicenue, Yynpasiehue pacxooom menioHo-
cumelsi, IKGUGANICHMHBLIL OMONUMENbHBLI NPUOGOP, OONYCMUMBLI OUANA30H CHUIICEHUsL MeMnepanty-
Pbl, KOIUYECNEEHHOE PEYIUPOSAHUE MENI08OU HAZPY3KU.
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