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Abstract. This paper provides a comprehensive exploration into the design and
implementation of the hydraulic damping device within a pulse mode hot water heating loop. It
outlines a systematic approach aimed at optimizing system performance, detailing the operational
principles of the pulse mode heating circuit and presenting a structured construction scheme for the
hydraulic damping apparatus. Accompanying this analysis is a simplified diagram illustrating the
hydraulic damping system, offering a clear visual representation of its integration within the heating
circuit. Through mathematical transformations, essential parameters such as complex impedance,
frequency function, and vibration frequency characteristics are derived, providing valuable insights
into the dynamic behavior of the system. Culminating this investigation, the paper constructs the
frequency response of the circuit, offering a comprehensive understanding of its dynamic behavior
across varying frequencies. This synthesis of theoretical frameworks and practical applications
advances our understanding of pulse mode hot water heating technology, paving the way for
enhanced efficiency and performance in heating systems.

Annomayus. OTa CTaTbs IPEJICTAaBISET BCECTOPOHHEE MCCIIENOBAHUE MPOEKTHPOBAHUS U
peanu3anuy TUAPaBINYECKOTO AEMII(UPYIOIIEro YCTpOcTBa B KOHTYPE HMIYIBCHOIO peXHMa
roOpsiYero BOJASHOIO OTOIUICHMS. B HEH HM3II0)KEH CUCTEMaTUYECKUU ITOAXOJ, HAIpaBICHHBIM Ha
ONTUMHU3ALMIO PAOOTHI CHCTEMBI, JI€TaIbHO OMHUCAHBI MPUHIMMBI PabOThl KOHTYypa MMITYIbCHOTO
pexXuMa OTOIUIEHUS W IPEACTABICHA CTPYKTYpUPOBAHHAS CXEMa KOHCTPYKIIMU THMIPABINYECKOTO
nemidepa. B nornonHeHne Kk 3ToMy aHaiM3y NPUBOIUTCS YHPOILEHHAs CXeMa, MILTIOCTPUPYIOIIas
THJIPABIMYECKYIO JIEMI(UPYIOUIYI0O CUCTEMY, YTO JaeT YETKOe BU3yaJbHOE MpPEACTaBICHUE O €€
MHTErpaluy B KOHTYp oToruieHus. Ilyrem maremarnyeckux mnpeoOpa3oBaHMN MOTy4YEHbI BaKHbBIE
MapaMeTphl, TaKHe KaK KOMILUIEKCHOE COINpPOTUBIIEHHE, YAaCTOTHAs (YHKIMS M XapaKTepUCTUKU
BUOPAIIMOHHON YaCTOTHI, YTO JIA€T IIEHHBIE MPEJICTABICHHUS O TUHAMUYECKOM TOBEIEHUU CUCTEMBI.
3aBepiuas 3TO MCCiIeOBaHUEe, B paboTe CTPOUTCS YaCTOTHAsI XapaKTepPUCTUKA KOHTYpa, Mpeasaras
KOMIUIEKCHOE ITOHUMAaHHE €r0 JUHAMUYECKOTO MOBEACHUS NPH Pa3JIMYHBIX 4ACTOTaX. DTOT CHUHTE3
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TEOPETUYECKUX OCHOB M NPAKTUYECKHX NPWJIOKEHUW MPOJBUTACT HAIlE NOHUMAHUE TEXHOJIOIMH
AMIIYJIbCHOIO PEXHUMa TOpPSYEr0 BOASHOTO OTOIUICHHUs, IPOKJIAAbIBAasl IyThb K IIOBBIIICHUIO
3¢ GEKTUBHOCTH ¥ MPOU3BOAUTEILHOCTH OTOMUTEIIBHBIX CUCTEM.

Keywords: hydraulic, heat exchanger, heat.
Kniouesvie crnosa: rupaBivka, TeINIO0OMEHHUK, TEIUIO.

The purpose of the course work is to describe the processes of hydraulics and heat transfer
using differential equations[1-4].

To describe the processes, first an energy circuit is built, then equations are compiled, then the
input and output through the black box are set, then the equations are calculated using the black
box, equations for the image are written, then the complex resistance equation is compiled, the
coefficients are distinguished, the frequency function for the energy circuit is written, the real and
imaginary parts of the complex resistance are distinguished, with the help of which the amplitude-
frequency and phase-frequency characteristics are calculated [5-8].

At the end, graphs are built based on the results of calculating the amplitude-frequency and
phase-frequency characteristics, and conclusions are drawn from the graphs [9-12].
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Figure 1. 1 - boiler; 2 — shock valve; 3 — heat exchanger; 4 — hydraulic accumulator; 5 —check valve; 6
— pump

Hot water or steam generated in the boiler 1 reaches the hydraulic accumulator 4 through the
shock valve 2, heat exchanger 3, and water pump 6 and check valve 5. When the shock valve 2 is
closed, the reverse wave of the water hammer will advance along the chain: hot water or steam first
enters the hydraulic accumulator 4 and then reaches the check valve 5, water pump 6, heat
exchanger 3 and pipe. At the same time, the pressure in the accumulator increases, and the kinetic
energy is converted into an electric potential. The operation principle of the installed device is
shown in Figure 1. The principle of heat transfer is shown in Figure 2.

In the course of the study, for a better understanding of the scheme, it was decided to study 2
characteristics of hydraulic and thermal, in order to better understand the nature of the forces arising
and to more accurately determine the required parameters on the obtained model.
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The hydraulic subsystem includes: [; (which is compliance) taking into account the expansion
of pipelines hear the valve; r; (active resistance) taking into account friction lesson in the pipe;
m(water mass) in the pipeline and baseboard; r, (active resistance) taking into account friction

lesson in the pipe; [, (compliance) taking into account the expansion of pipelines hear the valve.

In the first power circuit the hydraulic characteristics at the moment of closing of the shock

valve is considered. This circuit contains 2 elements.

Figure 2. Hydraulic circuit

The circuit link equations:

P =T1V12+mV1+T'2V12+P3
V=l1P+lzp3+V2

Black box:

1';’.-{:—4) P:':-‘-:)

Figure 3. Black box for hydraulic energy circuit

Equations for P, V5, V2
Py = P3o + P;
V, =Voo+V,
VZ = V2 + 2Vy0 Vs
Equations for Pj,V,:
P3 =P
Vz = I7'2
Equations for V;:
Vi =Py +V, = LPy + Voo + 7,
Equation for 17"1:
V, = 1,P; + 7,
Equation for V7
VZ = [loPs + (Voo + To)1? =V + 21,Va0Ps + 2V ¥y
Equation for P:
P = (ry +15)(VE + 21aVaoPs + 2Vaoly) + m(1,Ps + V) + Py + Py

= mV, + 2V (ry + 1)V, + (1 + 12)VE + mlyPs + 21,V0(ry + 15)Ps + Ps + Psg
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Equation for P
pP= ml72 + 2V, (g + 7”2)‘72 + le'P_; + 20L,V50(ry + rz)ﬁ3 + ﬁ3
Equation for V:
V=1L [mﬁz + 2V, (g + r2)172 + mlz'P_; + 2L,V,50(ry + rz)ﬁ3 + 53]
+1,P; + Voo + 7y

= mlyVy + 2L Vao(ry + 1)V + Vy + Voo + mlylp Py + 211, Va0 (ry + 1) Ps + (I + 1) Ps

= a,V, + ayVy + asV, + auVog + by P, + b, Ps + b3 P;
Equation for images:

(ays% + ays + az)Vs(s) = —(bys® + bys? + b3s)Ps(s)
Complex resistance Z(s):
a,s% + a,s + as

Z(s) =
(s) —b,S3 — bys? — bss

Coefficients:
a, =ml
az = 213V30(11 +12)
az; =1
a, =1
b, = mll,
by = 211 Va0 (1 + 12)
b; =1 +1,
Frequency function of the circuit: b2
s—-jQ,j2=-1

Air

Figure 4. Part of the heat transfer plant: T - tie winperawire of hot water; T,, T,.wall temperature; T;
-the temperature of the air; «,.convective heat transfer coefficient of water and left wall; o, .convective heat
transfer coefficient of air and right wall; o - the thickness of the wall surface; A - Thermal conductivity of the
wall

When the hot water flows through the wall, the convective heat transfer coefficient between
the water and the left wall is h;, the temperature of the hot water is t, and the wall temperature rises
to temperature t;. The heat is then transferred from the left wall to the right wall by heat conduction,
where the wall thickness is 0, and the heat conduction coefficient is A. When the temperature on the
right wall rises to t,. The right wall is subjected to convective heat transfer with air, and the
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convective heat transfer coefficient is h,. Through convective heat transfer, heat is transferred to the
air until the air temperature t; reaches a stable state.

T R: T R: Tz Rs Ts

:
i

Figure 5. Heat transfer energy circuit

The circuit link equations:
{t =7q +71q1 + 1392 t 13
q = city + ot +q2
Black box:

Q: (s) Ti(s)

_— @ P

Figure 6. Black box for heat transfer

Equations for g, :
g1 =Gt +q; = 02(7”3512 + 53) + G20 + G2 = 213G + Cotz + Ga0 + G2
Equations for t,:
t=m3q; +t3
=130 T 13q2 T t30 + i3
Equations for t;:
ty =1q, t 1y
= Tz(C2T35_12 + Gtz + Q0 + C_12) + 13920 +13G2 +t30 + t3
= o113y + (1 +13)qp + (12 +13)qp0 + Co12ts + T3 + tag
Equations for ¢;:
t1 = corarsq, + (ry + 13)GotComyts + L3
Equations for q:
q = city + oty + q;
=0 [027"2?3 + &3+ corersq, + (i + 7"3)‘;]2] + ¢y (138, + t3) + 420 + T2
= C1C2T2T362 + (172 + €473 + 613) G + G + Qoo + C1Co1ots + (¢4 + €)1t
Equation for images:

(a15% + aps + a3)Ts3(s) = —(bys* + bys + b3)Q,(s)

Complex resistance Z(s):
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—b;s% — b,s — by
a;s? +a,s+a;
We derive the real part of the complex resistance:
—a,b;Q* + (azb; — ayb, + a;b3)0? — azbs
(az — a;0%)2 + a50?
We derive the imaginary part of the complex resistance:
(arb; — a;b,)Q° + (azb; — azh)Q .
(a3 — a,0%)% + a30?
We obtain the amplitude-frequency function of the energy circuit:
A(j2) = \/Re(j2)? + Im(j)?
Get the phase-frequency function of the energy circuit:
Im(j2)
Re(jN2)

Re(j) =

m(jn) =

p(jR) = —arctg

Construction of frequency characteristics of the circuit when changing at least three
parameters (Table 1).

Table 1
CIRCUIT PARAMETERS
m, kg r,N/m-s r, N/m-s 1y, lit l,,lit Py, kPa Vo, lit/s nokw
-s/kPa -s/kPa
25.000 98.000 98.000 0.009 0.093 120.000 0.500 60.000
25.000 9800.000 9800.000 0.009 0.093 120.000 0.500 60.000
50.000 98.000 98.000 0.009 0.093 120.000 0.500 60.000

Dependency graphs are plotted based on the input values. For the best perception of graphs
values are taken only those that affect the dependence. The values obtained for the first stage of the
energy circuit are shown in Table 2.

Table 2
RECEIVED INFORMATION FOR HYDRAULIC
Q A, () 1(G2) A,(2) ?.(2) A3(j2) ?s(2)
1 16.902 1.525 10.811 1.570 13.639 1.521
2 5.425 1.543 5.405 1.571 5.923 1.544
3 3.859 1.553 3.604 1.571 7.005 1.557
4 3.516 1.559 2.703 1.571 19.464 1.563
5 3.752 1.562 2.162 1.571 15.267 1.566
6 4.666 1.564 1.802 1.571 5.278 1.568
7 7.307 1.566 1.545 1.571 3.192 1.569
8 23.803 1.567 1.352 1.571 2.302 1.569
9 15.585 1.568 1.201 1.571 1.811 1.570
10 5.640 1.569 1.081 1.571 1.500 1.570

Based on the results of the calculation, the graphs of the amplitude frequency response and
phase-frequency response and frequency response of the circuit are constructed. Further in these
graphs are under construction: For power circuits of the heat transfer calculations are conducted
similarly and are written in Table 3.
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In the process of modeling the hydraulic power circuit, it is found that with the increase of
frequency, the frequency response of the hydraulic circuit first increases and then decreases, and
finally becomes stable, and the amplitude gradually increases in this process. It can be found that
after the parameter r is changed, the frequency response of the hydraulic circuit reaches a peak in
advance, and then gradually decreases, while changing the water mass has little effect on this. The
changes of parameters r and water mass have little effect on the amplitude, and both show a trend of
gradual increase (Table 3, 4).

Table 3
RECEIVED INFORMATION FOR HEAT TRANSFER
Ny, kW rl,°dW 1, °C2 13, °C2 5. m ¢, W o, W AW to, °C
/W /W /°C? /°C? /(m°C)
15 0.000385 0.0333 0.0333 0.002 0.0025 0.0025 150 70
15 0.0385 0.0333 0.0333 0.002 0.0025 0.0025 150 70
15 0.000385 0.0333 0.0333 0.002 0.25 0.25 150 70
Table 4
VALUE AMPLITUDE FREQUENCY RESPONSE FOR ENERGY CIRCUIT
Q A,(2) 1(2) A,(j2) ¥2(2) A3(j2) ¢3(j2)
1 0.067 0.000 0.105 0.000 0.067 0.004
2 0.067 0.000 0.105 0.000 0.067 0.008
3 0.067 0.000 0.105 0.000 0.067 0.013
4 0.067 0.000 0.105 0.001 0.067 0.017
5 0.067 0.000 0.105 0.001 0.067 0.021
6 0.067 0.000 0.105 0.001 0.067 0.025
7 0.067 0.000 0.105 0.001 0.067 0.030
8 0.067 0.000 0.105 0.001 0.067 0.034
9 0.067 0.000 0.105 0.001 0.067 0.038
10 0.067 0.000 0.105 0.002 0.067 0.042

The c1 and c2 parameters were most affected. When considering these graphs, a common
feature can be distinguished, namely, the greater the difference between cl and c2, the faster
reaching the maximum frequency value. If the values of ¢l and c2 are unchanged, then the system
will be stable.

Conclusion
In the course of the work, the problems associated with this work and possible solutions are
described. A constructive scheme of the experimental device is proposed and the principle of its
operation is described in detail. The power circuit of the device is drawn up, each link is explained.
Complex impedance, frequency function, amplitude-frequency characteristic and phase-frequency
characteristic are obtained by mathematical transformation of the power circuit. The frequency
response of the circuit is constructed.
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