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Annotation: The use of water as a heat carrier in the heating system is considered the most
effective method. The correct choice of equipment and devices for the water heating system has a
great impact on the useful work of the system. An expansion tank is a part of a water heating
system, which is designed to collect excess water that appears when it is heated and expands at the
same time. Determining the expanded volume of water is a somewhat complicated process. In
laboratory work, the expanded volume of water for the heating system is determined.
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Introduction.

The function of the expansion tank installed in hot water devices with natural circulation is to expel
air from all heating devices, to contain the volume expansion caused by the heating of water, and to
control the filling of the heating devices with water. Correct selection of the expansion tank ensures
safe operation of the heating system. Determining the size of the expansion tank is a complicated
process. There are several ways to determine the size of the expansion tank for the heating system.
Methods of determining the size of the expansion tank for the heating system are considered. [1]

Methods: The expansion tank has two different functions, depending on whether it is installed on
top or bottom spreading heat devices:

1. If overhead distribution heating devices are chosen, all heating devices must be vented, contain
the volume expansion caused by the heating of the water, and control the filling of the heating
devices with water.

2. If the heating devices have distribution main pipes from below, and the hot water is circulating
with the help of pumps, the expansion tank will accept the volumetric expansion of the water from
the heat and help to control the filling of the system with water. [2]

The expansion tank can be open, in contact with the atmosphere, or closed (membrane), under
variable, but strictly limited overpressure.

Open expansion tank - located above the highest point of the systems - in the attic, stairs or on the
roof of buildings and in some cases covered with thermal insulation. They are made of cylindrical
or rectangular steel and equipped with a hatch at the top for inspection and painting. There are two
or more pipes in the tank body: A closed expansion tank - there are two spaces separated by a
flexible diaphragm. One is for air under pressure and the other is for water.

The water flowing from the overflow pipe connected to the expansion tank fills the system with
water and expels the collected air through the faucet. Lack of circulation within the expansion tank
can cause it to freeze. Therefore, in order to ensure that such an event does not occur in the tank, it
is necessary to create a circular motion of the water in the tank. For this, it is necessary to connect a
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piece of connecting pipe to the tank through the distribution or return main pipe. The expansion
tank is made of steel tunics and is fixed with sliding screws for easy removal from the system and
reassembly. Also, just in case, the container is insulated with a heat-insulating material, and paint is
applied inside and outside so that the metal does not rust. [5]

Method 1 for determining the size of the expansion tank

When determining the useful size of the expansion capacity, it is necessary to take into account the
thermal expansion of water in the system.

Volumetric expansion of water is determined using the following formula:
AV =a-V, - At (1)

Here: AV- volumetric expansion of water, m?;

a = 0,0006 - coefficient of volumetric expansion of water;

1, — volume of water in all sections of the heating system;

At - the arithmetic difference between the temperature before starting the heating system and the
calculated temperature in the system.

The volume of water in the heating system is determined using the following formula:
Vi=Vaqt+ViatV (2)

Here: V, 4- the volume of water in the boiler unit or heat exchanger equipment, 1/kvt; V; ; - volume
of water in heating devices, /kvt; V; — the volume of water in the pipes in the system, 1/kvt.

If water with a temperature of 20°C is heated to 95°C for heating public and residential buildings,
formula 1 takes the following form:

AV = 0,0006(95 — 20) - V},
Method 2 to determine the size of the expansion tank

To calculate the working capacity of the membrane expansion tank, it is necessary to determine the
total volume of the heating system by adding the water volumes of the boiler, heaters and pipes. [5]

Knowing the size of the heat exchanger in the system, it is necessary to multiply it by 0.08 - 0.1, i.e.
is about 8-10% of the volume of the heating system. Thus, for 100 liters of heat transfer water, an
expansion tank of approximately 8-10 liters is required.

The size of the expansion tank

V=(VLxE)/D,

where: VL is the total volume of the system (boiler, radiators, pipes, heat exchangers, etc.).
E - the coefficient of expansion of the liquid %

D - efficiency of the membrane expansion tank

It is very difficult to calculate the volume of the heating system, so it is possible to get an
approximate calculation by knowing the power of the heating system using the formula based on
the ratio 1 kW = 15 liters.
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RESULT AND DISCUSSION. Results obtained according to the 1st method of determining the
volume of the expansion tank. In the above formula, the amount of water in all sections of the
heating system is unknown. We can find the amount of water in each section. Water volume in
radiators. For radiators with ribs:

» aluminum - for each part 0,45 - 0,5 1

» bimetallic - for each part 0,3 - 0,351

» cast iron - new 1 liter per section, old 1.8 -2 liters
The volume of water in the boiler

» 3-6 liters for wall-mounted gas boilers.

» For floor gas boilers and parapet gas boilers, depending on the power and, accordingly, the size
of the boiler, the value is 10-30 liters.

Water volume in pipes:

> 015—0,1771
» 020—0,3101
> 025—0,4901
> 032 —0,8001
> 040 —1,2501

> 050 —1,9601
A hydraulic calculation of the heating system is needed to perform calculations.

Hydraulic calculation of the heating system
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R-1 | 1316,43 | 45,1 4,7 20 0,034 1,4 6,58 10 5,56 12,14
1-2 | 2622,78 | 89,9 3 20 0,06 4 12,00 1 1,73 113,73
2-3 |1 3929,13 | 134,7 3 20 0,097 10 30,00 2 9,04 39,04
3-4 | 523548 | 179,5 3 20 0,135 18 54,00 1,5 13,14 | 67,14
4-5  16541,83 2243 3 20 0,171 28 84,00 2 28,11 112,11
5-6  |7848,18 [269,1 3 25 0,131 |14 42,00 2 16,50 |58,50
6-7 19154,53 3139 3 25 0,15 18 54,00 2 21,63 [75,63
7-8 110460,88 358,7 3 25 0,161 |19 57,00 2 24,92 81,92
8-9 [11767,23 403,4 |3 25 0,19 26 78,00 2 34,70 112,70
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9-10 [13073,58 [448,2 |3 5 0,208 ]34 102,00 2 41,59  [143,59]

We determine the number of radiator ribs from the value of the heat load from the hydraulic
calculation table of the heating system.

Q=71950/200=360 number of ribs

We determine the volume of water in the radiators.
360*0,451=162 1

We determine the amount of water in the pipes.

16.7 pipe with a diameter of 20 mm.

0920 —0,3101

16.7*0,310=5,18 1

16.7 pipe with a diameter of 20 mm

925 —0,4901

15*0,49=7,35

The volume of water in the boiler unit. 20 liters

We find the total amount of water in the heating system.

Vo =Vyq tVia +V, =162+ 518 + 7,35 + 20 = 194,55 litr
Volumetric expansion of water is determined

AV = 0,0006(95 — 20) - V; = 0,0006 - 75 - 194,55 = 8,75 litr
For the heating system, we choose Flamco Flexcon R expansion tank Flexcon R 121/1.5 — 6 bar.

Results obtained according to the 2nd method of determining the volume of the expansion
tank.

Heating power for a residential building is 45 kW, the total volume (power) of the heating system
VL =15-45=6751

The expansion of the liquid for the heating system is about 4%, the maximum temperature is 95 °
C. If ethylene glycol is used as a heat carrier in the system, then an approximate calculation of the
coefficient of expansion can be made using the following formula:

10% —4%-1,1=44%
20% —4%-1,2=48%
Membrane Expansion Tank Efficiency:
_PV-PS
PV +1

where: PV is the maximum working pressure of the heating system (the design pressure of the
safety valve is equal to the maximum working pressure), usually 2.5 bar is enough for cottages.
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PS is the charging pressure of the diaphragm expansion tank (should be equal to the static pressure
of the heating system; (0.5 bar = 5 meters)

An example of Buck's hypothetical choice. The heated area of a residential building is 400 m?, the
height of the system is 5 m, the required heating power is 45 kW, then the volume of the required
expansion tank is as follows:

VL =45-15=6751

PV = 2,5 bar; PS = 0,5 bar

p=22"2%_45;
“25+1 ™
_675-004
057 U

A UNIPUMP expansion tank of 50 liters, charging pressure of 0.5 bar brand expansion tank is
designed for the heating system.

Results obtained in laboratory work.

Given: t_1=20°C water temperature before turning on the heating core t 2=49°C water temperature
after turning on the heating core. Tube diameter:d, = 78 mm = 0,78 dm, Ah = h, — h, difference
in membrane height. It is required to find the volume of expanded water in the membrane
expansion tank. [3]

AVnag- €xpanded water in liters.
a2
AVpag == Ah ©)

Ah = 0,19 dm, in that case

modi ., _314-078

AVpag = -0,19 dm = 0,091 dm?

CONCLUSION. The size of the expansion tank for the heating system was determined using two
different methods. In the first method, we determined the size of the expansion tank for the system
using the heat load for the heated building, the volume of water and the coefficient of expansion of
water. In the second method, we determined the size of the expansion tank for the heating system
using the characteristics of the expansion tank. Using the first method, the volume of the expansion
tank was calculated based on exact indicators. It turned out that the second method has several
complications. The results of the hydraulic calculation were used to determine the size of the
expansion tank suitable for the heating system. In the tank with an expanding membrane, the
expanded part of the water in the system accumulates, and the emergency situation that occurs due
to the excess pressure created in the system is prevented.
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