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Abstract. The purpose of the work is to describe the installation using differential equations
and obtain approximate values before the experiment. In this paper, 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 has been drawn up. 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. As a result
of the calculations, we will obtain the amplitude frequency response and the phase frequency
response. Using the found values of the characteristics, we will build graphs and draw conclusions
about how the characteristics depend on the change in parameters and why the graph lines of
the graphs are exactly the way they are.

Annomayus. llens paboThl — omMcaTh YCTAHOBKY C TMOMOUIbI0 AU(QepeHInaIbHbIX
YpaBHEHMH M TOJy4YUTb HpPUMEpHBIE 3HAYEHUs IMepel SKclepuMeHToM. B nanHON pabote
MpeJIoKEeHa KOHCTPYKTHBHAsE CXE€Ma »SKCIEPUMEHTaJbHOW YCTAaHOBKM M TOAPOOHO ONUCaH
npuHun ee pabotrel. CocTaBilieHa CHIIOBas cxeMma ycTpoicTBa. KoMIekcHOe CONpOTHUBIECHHE,
(GYHKIUS YacTOThl, aMIUIMTYIHO-4aCTOTHAsl XapaKTepUCTHUKa U (ha304acTOTHAs XapaKTepUCTUKA
MOJy4aloTCs MyTeM MaTeMaTHuecKoro Inpeodpa3oBaHus cuioBoi menu. Iloctpoena wacTtoTHas
XapaKTepUCTHKa cxeMbl. B pesynbrare Beranciiennii noaydnM AYX n @UX. Mcnones3ys HallieHHbIE
3HAYEHUs XapaKTEPUCTHUK, MOCTPOUM IpadUKH M CAETaeM BBIBOABI O TOM, KaK XapaKTepHUCTUKU
3aBUCAT OT U3MEHEHHsI TapaMeTPOB U MOYEMY JJUHUM I'paMKOB UMEHHO TaKue, KAKHE OHU €CTb.
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The energy circuit of a thermal system represents a crucial aspect of its operation, dictating
the flow and distribution of energy within the system. In the context of thermal circuits employing
direct-acting regulators, ensuring optimal energy management becomes paramount, particularly in

scenarios characterized by pulsating modes of operation. This introduction delves into the
intricacies of energy circulation within a thermal circuit featuring a direct-acting regulator with a
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capacity of 1 MW operating in pulsating mode. By elucidating the interplay between energy input,
regulation, and output, this discussion aims to shed light on the challenges and opportunities
inherent in such systems. Through a comprehensive examination of the energy circuit dynamics and
the role of the direct-acting regulator, this study endeavors to propose innovative solutions for
enhancing system performance, efficiency, and reliability. The environment is very important [1].

In 2018, Xu [2] used a steam generator simulator to study the unsteady pressure pulsation
characteristics of the reactor coolant pump at different flow rates and different rotational speeds.
They used fast Fourier [3-11] transform and root mean square methods to analyze the pressure
pulsation signals measured by sensors on the pump casing and oil outlet pipe. Under different flow
rates, the pressure amplitude of FRPF increases with the increase of rotation speed, but the pressure
amplitudes of FR and FSPF fluctuate slightly with the increase of rotation speed. Zhang [12]
employed CFD numerical simulation to investigate the mechanics of non-uniform flow within the
channel-head of the SG and discovered that the channel-head’s asymmetric structure and the abrupt
contraction of the connection between the channel-head and the inlet pipeline caused flow
separation, resulting in non-uniform inflow.In 2024, Zhang [13] took the third-generation reactor
RCP as the research object and used CFD to study the unsteady characteristics of the third-
generation RCP under non-uniform inflow conditions, focusing on the pressure pulsation
characteristics inside the RCP. It was found that non-uniform inflow can cause unstable pressure
fluctuations in the "throat" area of the channel head.

The principle of operation of the experimental setup. Figure 1 shows an experimental setup
for the ITP coolant supply regulator.
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Figure 1. Experimental setup for the ITP coolant supply regulator: 1 — heating network; 2 — check
valve; 3 — regulator; 4 — valve; 5 — heating devices; 6 — pipeline; 7 — sensor

Thermal energy comes from the heat network 1. The amount of thermal energy is regulated by
the regulator 3, by a signed from the sensor 7. When the valve of the regulator 3 is closed, the flow
rate and pressure on the heating device 5 will drop. Since the ambient air temperature is constantly
changing, the regulator 3 always work.

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.

In the first power circuit the hydraulic characteristics at the moment of closing of the shock
valve is considered. This circuit contains 3 elements.

O]
E Tun nuyensuu CC: Attribution 4.0 International (CC BY 4.0) 373



broemens nayxu u npaxkmuxu [ Bulletin of Science and Practice T. 10. Ne6. 2024

https://www.bulletennauki.ru https://doi.org/10.33619/2414-2948/103
P a J— P, - P, - Py  Pyb

- | 1 ] [ ] Y |
\" — - —id . L/‘ ot l,l

Figure 2. Hydraulic circuit

The circuit link equations:

P=T‘1V2+mV+T2V2+T3V12+P4
V=lP3+V1

Equations for Py, P3, P,, Py :

P, =Py +P,

Py =13Vi + Py

P, =1V?+P;

P, =mV + P,
Equations for V;j:

Vi=Vio+ 7y

V12 = Vlzo + 2V10V1
Equation for Ps, Ps:
P3 - T3V12 + P4_:T3V120 + 2T3V10[71 + P4,0 + p4

Py = 21V V, + P,

Equation for P,:

Py =1 V2 4+ 13V + 21r3VioVy + Pyo + Py
Equation for P;:

P, =mV +1,V? + 13V + 213VioVy + Pyg + Py
Equation for P:
P=(r, +m)V2+mV 4+ rVE + 213V Vy + Pyo + P,

Equation for VV:

V=1P+V, =2V, V, + 1P, + Vo + 7,
Equation for V:

V= 2IrVyV, + 1P, + 7,

Equation for V2:

VZ = (V10 + 21r3V10\71 + l[_)4 + Vl)z = V102 + 4V1021T3I71 + 4‘V101P_;4 + 4V10V1

Equation for P:
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P = (1, +15) (Vi + 4Vao? Iy + 4V3olP, + 4ViTh) + m(21rs Vol + 1By + T )

+ 1V + 2r3V0V,
Equation for images:
(a1s + ax)Vi(s) = —(bys? + bys)Py(s)
Coefficients:

a, = er3V10

az = 1
b1 = ml
bz ES 4lT2V10
Complex circuit resistance Z(s):
Py(s)  a;sta

Z(s) =

Vi(s)  —(b1s? + bys)
Frequency function of the circuit:
s—j0,ji=-1
Frequency function of the circuit:
aj+a;,  (aj+ay)(b127 + byj02)

in) = =
200 = 07 b0~ 5% = by ) (b ¥ byiiD)
_ (a1b1j03 - albzﬂz + azblﬂz + azsz.())

b 20* + b2 02

The real part of the frequency function:

—a,b,0?% + ayb,0?

Re(jN2) =
() by 20% + b2 02

Imaginary part of the frequency function:

Amplitude-frequency response (frequency response) of the circuit:

A(j2) = \/Re(j2)? + Im(j)?
Phase frequency response (FFC) of the circuit:

Im(j2)
Re(jN)

p(j2) = —arctg

Calculate heat transfer energy circuit.

i ' t |5 L |
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Figure 3. Heat transfer energy circuit
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The circuit link equations:

{t =T11q +712q1 T 713G + 13
q=city et +qz

Equations for t3, tz, tZ, tl! q,:

t3 - t30 + Eg

t, =13q; tt3

ty =, =130, + t3

t1 =1qq + L,

q2 = q20 + Q>
Equations on g4 from the st link:
g1 = G, +q; = 02(7’3512 + 53) + G20 + G2 = 2132 + Cotz + Ga0 + G2
Equations on t, from the 1st link:

ty = 713Gy +t3 = T3q20 + 7302 +t30 + L3
The equation on t;:
t1 =1q1 + 1t = r2(02r3672 + etz + qp0 + 672) + (1320 + 13q2 + t30 + t3)
= Cy1p13qy + (1 +13)q2 + (1 +13)q20 + CoTats + E5 + 3

The equation on i_l:

t, = C27‘27'362 + (rp +13)q, + conty + tL3
The equation on q:
) q = city +coty +q:
= [027”27”362 + (r +13)q2 + ooty + E3] + ¢y (138, + t3) + (q20 + 72)

= C16,1313q, + (€172 + 173 + €13) 2 + Gz + G20 + C1Co721
+ (1 + ¢t

The equation on t:
) t =1q+71q; +13q; t 13 .
= b1q, + byG, + b3q, + baqyo + a1t; + ayts + aztz + astsg
Equation for images:
(a;5% 4 ays + a3)Q,(s) = —(bys% + bys + b3)T5(s)
Coefficients:

a; = 1611
a, = c111 + crp + Ca1y
a; =1
by = cicomi1aTs
by, = i1y + 1113 + Coly 13 + CoToTs
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b3 == 1‘1 + rz + T'3
Complex resistance Z(s):

T3(s)  ays®+a,s +a; (40)
Q2(s)  —bys2 —bys — by

Frequency function of the circuit:

Z(s) =

s—>jQ,j2=-1 41)
Frequency function of the circuit:

_T3(s)  a;s*+asta;  —a 0’ +ajQ+a; (42)
2) = 0,0 = “his? —bys—by By — by — b
—a, b, Q* + a;b30% — a,b,0% + azh Q% — azb; + (ayb Q3 — a1b293]
—a,b3Q0 + azb,0)j
(b,02—b,)? + b20?

We derive the real part of the complex resistance:

_a1b194 + a1b3.Q.2 - azbzﬂz + a3blﬂz - a3b3 (43)
(b1Q2—b3)? + b2Q2

Re(j2) =

We derive the imaginary part of the complex resistance:

(ayb Q3 — a;b,Q3 — a,b;Q + a3b29)j (44)

Im(jQ) =
m{a) (b, 02—b,)? + b202

We obtain the amplitude-frequency function of the energy circuit:

A(j2) = \/Re(j2)? + Im(j)? (45)

Get the phase-frequency function of the energy circuit:

Im(jQ) (46)
()) = —arct
@(j2) = —arctg Re(iD)

Construction of frequency characteristics of the circuit when changing at least three
parameters. Parameter are calculated or found from the experiment. Are set by the input power of
the circuit, n, = 60 W, as well as the inlet pressure P, = 300 kPa. Hire the pressure loss on the
active resistance is assumed 5 + 10%.

Vo =—==—=0.21
° =B, T 300 /s
According to equation write the formula for ry, r,73:
Py +x0.1 0.1x300 kPa - s? (48)
Ty T T o2z T li
g . it
rz = 27'1;
r3 = 417

The mass of water depends on the volume of pipelines.

m = 15 kg (49)
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The compliance is found for equation:

Vo#0.5 0.2%0.5 lit-s (50)
l=———= = 0.0011 [ ]
Pyx0.3 300x0.3 kPa
Algorithm for plotting graphs.
Table 1
CIRCUIT PARAMETERS
m, kg N N N Llit - s/kpa Do, kpa Vi, lit/s
r,—— Ty, T3,
m-s m-s m-s
15 750 1500 3000 0,0011 300 0.2
30 750 1500 3000 0,0011 300 0.2
15 375 750 1500 0,0011 300 0.2

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 Ajm pjinl Ajn2 PjN2 Ajn3 ©j23

1 1.2544 0.6608 1.2542 0.6733 1.8148 1.0124
2 1.8753 1.0336 1.9290 1.0765 3.3068 1.3139
3 2.7313 1.2337 2.9147 1.2965 5.0083 1.4453
4 3.7723 1.3528 4.0366 1.4214 6.6127 1.5194
5 4.9237 1.4291 4.9854 1.4948 7.6950 1.5658
6 6.0502 1.4801 5.4975 1.5388 8.0085 -1.5457
7 6.9850 1.5149 5.5499 1.5656 7.6781 -1.5261
8 7.6017 1.5392 5.2983 -1.5595 7.0118 -1.5137
9 7.8672 1.5562 4.9109 -1.5494 6.2597 -1.5059
10 7.8345 1.5682 4.4949 -1.5434 5.5515 -1.5015

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:

A
10
8 AT
6 .=
‘/‘——-—----—-----
4 SPT :
a™

2 _.—"',’

a—
0

1 2 3 4 5 6 7 8

Figure 4. Amplitude frequency response
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Figure 5. Phase frequency response

In the process of modeling the hydraulic power circuit, it is found that as the amplitude of the
hydraulic circuit increases and the mass increases, the frequency decreases and then remains stable;
as r decreases, the amplitude increases and the frequency decreases faster. The known conditions:

ny = 1500W (51)
to = 70°C
a4:800 — 1000
a,:10 — 15
F =2m? 8 = 2mm

By calculation:

ny 1500 w (52)
=—=——=21429 |—
=% ""70 [c]
11 : kPa - s? (53)
M= F 1x2 2|
_& _ 0002 o o s[kPa-s (54)
2TFT0140x2 lit
1 1 kPa - s? (55)
'r3 = = = 50 _—
a,F 0.010 X 2 lit
Aq q—q; 2.1429 [ l ] (56)
= = = = 0.0612
‘=05, 05t 0.5 x 70 s -°C
0.0612 [ : 57
Ccr, =1 = VL.
2 1 s-°C
The limit of change () is accept, @ = 1...10 rad/s.
Table 3
RECEIVED INFORMATION FOR HEAT TRANSFER
ng, kw 11,°C% /w 75,°C2 /w 13,°C% /w cq,w/°C? cy,w/°C?  ty,°C x,k;W oC
15 0.5 7.143x 1073 50 0,0612 0,0612 70 0.140
15 2 7.143x 1073 50 0,0612 0,0612 70 0.140
15 4 7.143x 1073 50 0,0612 0,0612 70 0.140
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The dependency graph is drawn based on input values. For optimal graph perception, take
only those values that affect dependencies. The obtained values for the first stage of heat transfer

are shown in Table 4.

Table 4
VALUE AMPLITUDE FREQUENCY RESPONSE FOR ENERGY CIRCUIT
Q Ajnl ejnl Aj02 ©jN2 Aj03 ©j03
1 0.0198 -0.0006 0.0195 -0.0092 0.0196 -0.0327
2 0.0199 -0.0012 0.0203 -0.0169 0.0222 -0.0502
3 0.0199 -0.0018 0.0215 -0.0225 0.0253 -0.0544
4 0.0201 -0.0024 0.0230 -0.0258 0.0282 -0.0522
5 0.0203 -0.0029 0.0246 -0.0274 0.0306 -0.0480
6 0.0204 -0.0035 0.0261 -0.0278 0.0325 -0.0435
7 0.0207 -0.0039 0.0276 -0.0274 0.0339 -0.0394
8 0.0209 -0.0044 0.0289 -0.0265 0.0349 -0.0358
9 0.0212 -0.0048 0.0302 -0.0254 0.0358 -0.0327
10 0.0214 -0.0052 0.0313 -0.0243 0.0365 -0.0299
A
0,04
0,035
0,03 e ———
- °
0,025 e — = == AjQI]
= AJQ2
0,015 ]
0,01 AjQ3
0,005
0
1 2 3 4 5 6 7 8 9 10
Figure 6. Amplitude frequency response
()
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Figure 7. Phase frequency response
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In the process of modeling the heat transfer process of the energy loop, it is found that the
frequency response of the hydraulic loop decreases with increasing resistance and the amplitude
increases.

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.

The description of the experimental setup is completed, energy circuits for hydraulics and
heat transfer are compiled.

In the process of modeling the hydraulic power circuit, it is found that as the amplitude of the
hydraulic circuit increases and the mass increases, the frequency decreases and then remains stable;
as r decreases, the amplitude increases and the frequency decreases faster.

In the process of modeling the heat transfer process of the energy loop, it is found that the
frequency response of the hydraulic loop decreases with increasing resistance and the amplitude
increases.

According to the resulting graphs, one can trace the relationship between two different
properties. It can be seen from the graph that for a particular r value, we reach the frequency
maximum faster.
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