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Abstract. The energy issue is an important strategic factor that determines the sustainable
development. Fuel oil is the main raw material in most power plants and boiler houses. Energy
conservation is an important issue in the 21* century. This article focuses on pulse circulation for
heating fuel oil. The heating system of fuel oil with pulsating circulation of oil in the heating circuit
can be provisionally represented as an energy chain consisting of separate links and functioning as a
single whole. In the master’s thesis the process of heat transfer from the vibrating bellows heater to
fuel oil was investigated. On the basis of the conducted experiments on the heating of fuel oil, it has
been shown that when the bellows heater oscillates with significant amplitudes, the boundary layer
breaks down, and the heat transfer is affected mainly by forced convection, in experiments it
amounts to 4-8% of the total heat flux of the bellows heater in the barrel with fuel oil.

Annomayus. DHepreTudeckas mNpobjeMa SBISETCS BaXKHBIM CTPAaTETHYecKUM (hakTopoM,
OTIPE/IETSAIONIMM yCTOMUNBOE pa3BUTHE. Ma3yT SBISETCSI OCHOBHBIM CBIDhEM Ha OOJBIIMHCTBE
NMEKTPOCTAHIINI U KOTEJbHBIX. DHEprocoepexxenne — BaxHbI Bopoc B X XI Beke. B 3Toif crarbe
OCHOBHOE BHHUMAaHHME YIENsIeTCd HMITYyJIbCHOW ULMPKYISALMM i1 Harpea Mmasyra. Cucrema
OTOIJICHUsI Ma3yTa C MyJIbCUPYIOLIEH LMUPKY/ALMEH Macia B OTOMUTENFHOM KOHTYpE MOXKET ObITh
YCJIIOBHO IIPEJICTABICHA B BHJI€ DHEPreTUYECKOM ILEMH, COCTOSIIEW W3 OTACIBHBIX 3BEHBEB H
(GYHKIMOHUPYIOUIEH Kak eAnHoe 1enoe. B mMarucrepckoil auccepranuu ObLT MCCIIEAOBAaH MpoLecce
TeIuIonepeayl oT BHOpHUpYIOIIEro CHiIb()OHHOrO HarpeBarens K MasyTy. Ha ocHoBaHuun
MIPOBEIEHHBIX JKCIEPUMEHTOB IO HArpeBy MasyTa ObUIO IOKa3aHO, YTO, KOTZa CHIIb(OHHBIN
HarpeBaresb KojeOneTcs cOo 3HAYMTENbHBIMHU aMIUIMTYAaMH, MOTPaHUYHBIM CJION pa3pyliaercs, a
TeIuIonepeiaya OCYIIECTBISIETCS B OCHOBHOM MTPUHYIUTEIBHON KOHBEKIIMEH, B SKCIIEPUMEHTAX OHA
coctaBisgeT 4-8% OT o0Iero TEmjIoBOro IMOTOKa CHUJIL(MOHHOIO HarpeBarTelss B LWIMHIpPE C
Ma3yTOM.
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Kniouesvie crosa: MasyT, UMITYJIbCHAA HUPKYIIAIHA, SHCPICTHUYCCKAA [ICIIOYKA.

Research Background and Theoretical Research

Energy, environment and materials are the three major challenges facing human development
in the 21st century [1]. The energy issue is an important strategic factor that determines the
sustainable development of our country, and it is also the bottleneck that restricts the development
of our national economy. Heat transfer problems are common in high-tech fields such as power,
metallurgy, petroleum, chemicals, and materials, as well as aerospace, electronics, and nuclear
power. In the past few years, with the continuous development of the country’s economy and the
increasing reliance on energy, we have realized the importance of energy conservation and efficient
use of energy [2]. Enhanced heat transfer technology is exactly what people have developed in the
long-term use of energy. Its main task is to increase the rate of heat transmission in order to achieve
the use of more economical equipment to deliver the prescribed heat or to use more efficient
cooling methods. Protect the safe operation of high-temperature components, or use a high thermal
efficiency to achieve the rational use of energy [3]. In energy utilization, the transfer method of
convection heat transfer is the most widely used in industrial practice, and the research on it is also
the most active.

Over 30% of the oil produced in the process of its processing is converted to heating oil, the
main consumer of which are power stations and boiler houses [4].

It should be noted that a large number of power plants and large boiler houses use fuel oil as
their main fuel, there are reserve fuel oil facilities at all power stations and gas-fired boiler houses,
and coal-fired power plants often use fuel oil to kindle and illuminate the torch[5-8].

Fuel oil facilities of the power plant, which is a whole complex of structures, apparatus and
pipelines, is one of the main consumers of energy that goes to the station's own needs.

In modern conditions, when the prices for liquid organic fuel and gas are high enough, the
issues of increasing the efficiency of thermal engineering schemes of fuel oil farms through the
introduction of energy-saving technologies are very relevant [9].

The major share of energy costs in the structure of the energy consumption of the fuel oil
facilities of thermal power plants, especially for power plants with large storage tanks, for servicing
which requires a large number of parallel-connected fuel oil heaters, is to maintain the temperature
in the tanks and to heat the fuel oil supplied to the boilers.

According to whether the flow is related to the time, convection heat transfer can be divided
into two major categories (1): steady state and unsteady state. Steady-state convective heat transfer
treatment is relatively simpler than the non-steady state, and people have more researches on it. The
non-steady-state convective heat transfer problem is also widespread in nature and engineering
practice. The common pulsed convection heat transfer is more common.

Pulse flow is a flow phenomenon that is common in nature and engineering practice, such as
blood flow in a human body, the flow of a fluid discharged from a positive displacement pump and
a reciprocating compressor, and the like. Because pulsed flow will cause changes in the flow and
thermal boundary layer and thus affect heat transfer, the associated flow and heat transfer issues
have drawn attention very early. For example, the study of blood pulse flow transfer process has
always been an important part of a modern medical research. There are many related articles in the
"Journal of Biomechanics", "Ultrasound in Medicine and Biology" and other journals every year
[10-13]. Due to the complexity of the pulsed flow convection heat transfer process, despite a large
number of studies that have been conducted, the issue of whether pulsed flow enhances heat transfer
has been the subject of controversy.
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The flow of a fluid driven by a pressure that changes with a positive cosine function is called
an oscillating flow. As shown in the following Equation, it is a periodic, unsteady flow [14].
According to whether the average velocity of the fluid is zero, the oscillating flow can be divided
into pulse flow. The average flow velocity is not zero. In formula one, the equations are not equal to
zero and the reciprocating flow average flow velocity is zero [15]. In formula one, where is equal to
zero, and the execution is not equal to zero.

3—5 = A, + A cos(at)

Since the reciprocating velocity distribution in the pulse flow has a "speed loop effect", the
flow velocity near the wall is greater than the flow velocity at the center of the tube, and the
velocity distribution of the entire cross section is flatter than that of the steady flow. Therefore, it is
believed that pulsed flow will intensify convection heat transfer and studies have been conducted on
this [16]. Due to the extensive engineering application background of pulse flow, the research on
convective heat transfer of pulsed flow has continued until now. So far, there are many research
literatures. The research methods cover experimental research, numerical calculation and theoretical
analysis.

Theoretical background

The perfection of most technical devices is determined mainly by the efficiency of
transformation and movement of a limited number of substances: mass, energy, momentum, electric
charge, information. These processes are subject to the fundamental laws of nature, which constitute
an object of study of mechanics, physics, chemistry and other natural sciences. Not always in the
development of technology, these laws played a primary role [17]. Many examples of the invention
of technical devices, which, on the contrary, led to the discovery or refinement of fundamental
scientific positions. Apparently, such situations are possible and at the present time.

But the main line for creating fundamentally new and improving existing technical devices is
the realization of the opportunities that arise when using the results of fundamental research. This,
in particular, explains the modern emphasis in engineering education on fundamental scientific
training [18]. A decisive role in the implementation of the results of such studies is played by
mathematical modelling.

On the way to implementing the most promising scientific discoveries and developments in
technology, usually, there are obstacles associated with the lack or limited possibilities of
constructional or functional materials and with the lack of the technological level achieved.
Therefore, the process of implementing scientific and technical ideas in the process of finding a
reasonable compromise between what is desired and possible[19-20].

The heating system of fuel oil with pulsating circulation of oil in the heating circuit can be
provisionally represented as an energy chain consisting of separate links and functioning as a single
whole.

The functional diagram of the experimental setup is shown in Figure 1. The scheme includes:
a heat source 1; circulating pump 2; pipeline; impact unit 3; flow meter 4, bellows heater 5; capacity
with fuel oil 6.
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Figure 1 Experimental installation diagram.
Working principle

The circuit works as follows. By circulating pump 2 from the return pipeline, the heating
medium is supplied to the heat source 1, where it is heated to the design temperature and sent to the
supply pipeline. On the supply line, with a pulsed feed, the coolant enters the impact unit 3.

To launch the impact unit, we increase the difference in the forces acting on the impact valves
of the assembly by drastically changing the flow toward the reduction with the help of a ball valve.
Then again restore the previous flow through one of the shock valves. As a result, a hydraulic shock
is generated and, accordingly, the pressure in the supply line rises sharply. Because of this, the
coolant directed into the bellows heater 5 stretches it. Then, the return pressure wave, reflected from
the impact unit, opens the valve, and the coolant from it is directed through the return line to the
circulation pump 2, resulting in a pressure drop in the supply line, and the corrugated metal pipe 5
returns to its original position due to its own elasticity. Simultaneously, the coolant from the pipes
through the non-return valve is sucked into the pump casing. Thus, the reciprocating motion of the
corrugated metal pipe 5 in the tank with fuel oil 6, which circulates the heat transfer medium in the
means of transfer of thermal energy in the form of a variable head, is carried out. At the same time,
heat transfer is exchanged between the heat transfer medium in the means of transferring heat
energy in the form of a set of pipes and in a corrugated metal pipe 5. The impact unit, due to its
constant operation, provides generation of a hydraulic shock with a frequency of 0.2 Hz to 2 Hz,
circulation of the coolant. As a result of this process, the corrugated metal pipe 5 is constantly
moving in the vessel 6, which significantly increases the heat transfer coefficient and power of the
device.
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Equipmental devices

Figure 2. Equipmental devices.

Results

The results of the experiment were obtained as follows. The circulation circuit was filled with
a coolant (AI-20 oil). The experiment begins with a pulsed circulation of the coolant (oil) G1. To do
this, with the help of valves in the circuit of the experimental installation, the flow is directed
through the impact valve. After a steady flow, we include a heat source into the circuit, which heats
the oil and only then record the temperature and time for which the fuel oil will be heated to 55°C.
Temperature is controlled by temperature sensors installed in the lower and upper part of the tank
with fuel oil. Also with the help of temperature sensors, we track the uniformity of heating oil over
the entire container for stationary and pulsed oil circulation.

In the next experiment, a new stationary oil flow rate G2 was set, directing the flow of the
coolant in the circuit in addition to the impact assembly. As a result of the experiment, we carried
out 2 experiments: one for pulse circulation of oil and one for stationary circulation. The data was
taken 1 time every 5 minutes.

All the indications of the conducted experiment are recorded in Table.

From the data obtained, we determine the heat transfer coefficient of the bellows heater. The
heat transfer coefficient is the density of the heat flow passing through the wall separating the two
media, with the difference in the temperature of the media. In the heating device of the fuel oil
heating system, the metal wall separates the oil from the inside and the fuel oil from the outside.
The value of the heat transfer coefficient depends mainly on the heat transfer conditions on the
inner and outer sides.

Heat transfer coefficient of bellows heater K, W/(m?-°C)

1
E + R + S
al aZ

ay, ap —heat transfer coefficients, respectively, on the inner and outer surface of the wall,

W .
(m2~ °C) !
R+ — thermal resistance of the wall, depending on its thickness and thermal conductivity of

2 o
the material, (m” C).
W

K:
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Table.
RESULTS OF EXPERIMENTAL STUDIES
Pulsating mode
options Time t, min.
0 50 100 150 200 250
Gy, kals 0.7 0.7 0.7 0.7 0.7 0.7
tin, °C 25.5 64.8 65.9 65.8 65.3 65.9
tout, °C 25.5 445 47.7 48.8 54.6 60.1
to1, °C 25.3 30.8 40.1 45 50.2 56.8
to2, °C 25.3 27.1 37.3 41.9 48.3 55.7
Stationary mode
options Time t, min.
0 50 100 150 200 250
G, kals 0.7 0.7 0.7 0.7 0.7 0.7
tin, °C 255 65 66 65.9 65.2 66.1
tout, °C 255 46.7 48.8 51.5 56.6 57.8
tos, °C 25.3 30.5 40 44.8 49.4 51.7
toz, °C 25.3 25.5 315 38 43.3 45.9

In heating appliances made of metal, with a small wall thickness, rR_, it does not matter much.
The amount of heat given by the bellows heater to fuel oil Q, W is determined by the formula:

Q= Ks(tcp_to)

Q — heat transfer (heat output, bellows heater), W;

K — heat transfer coefficient of bellows heater,

to,— temperature of fuel oil in the tank, °C;
S — the area of the external surface of the bellows heater, m?

The area of the outer surface of the bellows heater S is determined by the formula:

w

(m?.°C)
te, — the average temperature of the coolant in the bellows tube, °C;

S=S,+S,

Sr —is the surface of the horizontal sections of the intercostal ends;
S; — the area of the vertical surface of the ribs, at a length of 1m.
The surface of the horizontal sections of the intercostal ends S; is determined by the formula:

d, — outer diameter of bellows pipe, m;

Sp — Rib pitch, m;

S, =7d, (1-5,/S,) +

7D,o,

p

s,,6.— thickness of the rib at the base and at the end, m;
D, — diameter of the pipe along the ribs, m.

S, =3.14-0.017-(1-0.002/0.004) +

3.14-0.022-0.002

0.004
The area of the vertical surface of the ribs, at a length of 1 m Sg is determined by the formula:

Se=
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~3.14-(0.022% —0.017%)
0.004

S, =0.153m’

S =0.061+0.153=0.214m".

The average temperature of the heat carrier in the bellows tube tc,,°C, defined as the average
value of the coolant temperatures at the entrance to the device and at the outlet from it:
— tin +tout
cp 2
tin. — coolant temperature at the inlet to the bellows heater, °C;
tout. — coolant temperature at the outlet of the bellows heater, °C.
The heat transfer coefficient can be determined using the equation:
__Q
S(t, -t,)
Heating capacity of the fuel oil heater Q, kW is calculated by the formula:

t

Q = GoiICOiI (tin - tout)

Coil —heat capacity of industrial oil, kJ/(kg -°C), (Coii =1.85 kJ/(kg-°C));
Goil — Mass flow of oil, kg/s.
To analyze the performance of a bellows heater, it is necessary to determine the number of
transport units (TUN) for a hot coolant:
KS
GoiICoiI

The efficiency of the heat exchanger can be determined by the formula:

TUN, =

At,
E=TUN  —2
Atmin

The results of the calculations are presented graphically in Figures 3-8

~ 8 -
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Figure 3. The value of the heat transfer coefficient for stationary and pulsating modes of the coolant
motion as a function of the heating time.
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Figure 4. Time spent on heating fuel oil for stationary and pulsating modes of coolant motion.
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Figure 5. Uniform heating of fuel oil in the stationary regime of coolant motion.
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Figure 6. Uniform heating of fuel oil in the pulsating regime of coolant motion.
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Figure 7. Number of transfer units for the hot coolant in the stationary and pulsating modes of the
coolant motion.
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Figure 8. Increase the efficiency of the heat exchanger in percents with pulsating movement of the
coolant relative to the stationary motion.

Conclusion

From the experimental results, the following conclusions can be drawn:

In this paper, the process of heat transfer from a vibrating bellows heater to fuel oil in an open
tank was studied. On the basis of the conducted experiments on the heating of fuel oil, it can be
noted that when the bellows heater of the fuel oil oscillates with significant amplitudes, the
boundary layer breaks down. As a result of this process, the heat transfer to the main images is due
to forced convection, and in the conducted experiments it is 4-8% of the total heat flux from the
bellows heater in the tank with fuel oil. The carried out researches have shown, that at fuel oil
heating the heat transfer coefficient depends on the speed of oscillations of the bellows heater. With
a heater oscillation frequency of 0.4 Hz, the heat transfer coefficient increases by 35-45% compared
to the heat transfer coefficient from the fixed surface. Thus, the pulsating mode of heating medium
motion in bellows type heaters makes it possible to intensify the heat transfer process, which in turn
opens the possibility of creating small-sized high-efficiency fuel oil heaters in tanks.
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