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IIposedeno ananiz eunapnuxie adcopouitino-xo-
JOOUNLHUX YCMAHOBOK ON0KY 6MOPUHHOT KOHOEH-
cauii eupoonuumea amiaxy ax 00’ckmie Kepyeams.
Busnaueni xoopounamu éexmopie cmany, KepyeanHs
ma 306niwHiIx 30ypenv. O0TpyHmosana neodxionicmo
Po38’a3anns 3a0avi Minimizauii memnepamypu 0xo-
JNO0NCEHHS UUPKYNAUTIHO20 2A3Y Y GUNAPHUKAX O
niodsuwenns enepeoedexmusnocmi supoonuymea. 3a
pe3yomamamu aHaizy nPoMuUcio8020 anapamyp-
HO-MEXHO10214H020 OpOpMAEHHS ON0KI6 nepeuH-
HOi i mopunnoi Konoencayii 3’acoeani ocodausocmi
YMO8 podOmMU BUNRAPHUKIE, WO 3YMOETI0I0OMb napa-
Mempuuny Heeusnavenicms y Pynxkuionyeanmi 0o ’ex -
mie xepysanns. Ocnosna 3 maxux nHesusnauenocmeu
noe’azana 3 xepyrouoro diero sumpamu Qezmu.

Memoodom mamemamuunozo mooentoeanns 3a
PO3POONCHUM ANZOPUMMOM GUIHAUEHI 3AKOHOMIp-
Hocmi Kepyiouoi 0ii eumpamu aeemu na epexmue-
Hicmb npouecie menaoooMiny y eunapHuxax aécop-
OUiliHO-X0N100UNbHUX YcmaHnoeok. Bcmanoeneno
eKCmpeManvHull xapaxmep 3aaexicHoCmi menuio6ozo
nomoxy (xon00onpodyxmuernocmi) ma memnepamy-
PU 0X0N00HCEHHA UUPKYNAUTUHOZ0 2a3Y 610 eumpamu
(paeemu. Maxcumanvua x01000npodyxmusHicmo, a
omoice i MiHIMATILHA Memnepamypa 0X0n00MHCeHHs
UUPKYAAUIUHO20 2a3Y 3G NE6HO20 MeMNePamypHo-
20 Hanopy, o0Ymoeneni 00CAZHEHHAM KPUMUUHOZ0
pedcumy OYyabdamK06020 KUNIHHA X01000azeHmy.
Hoodanvue 36invuwenns memnepamypnozo nanopy 3
niosumwieHHaAM eumpamu QaeemMu CnpUsE 6CMAHOG-
JIEHHI0 NePexion020 pexcumy i 3HUICEHHIO edexmue-
Hocmi nosepxhi mennooominy. Busnaueni noxasnuxu
enepeoepexmusnocmi eupooHuumea amiaxy, a came
sumpamu npupooH020 2a3y 6 YMoeax 3MiHu Kepyouoi
0ii gumpamu paeemu ma 3nauens Koopounam eexmo-
pa 30ypens. Pozpodaene aneopumminne 3adesneuen-
HA 00360J14€ 30TUCHUMU PO36°A3anHA 3a0aui MIHIMI-
3auii memnepamypu 0x0a00HCeHHA UUPKYNAUIUHOZ0
2asy Geszpadienmnum cnoco6om Kpoxoeoz0 muny 3
BUKOPUCMAHHAM MEM00i68 00HOMIPHOZ0 NOWYKY eKC-
mpemymy. Iloxaszano, wo 3a paxynox minimizauii
memnepamypu 0xo0J00MHCeHHA UUPKYTIAUIUHO20 2a3Y
piuna eumpama npupoorozo 2asy moxce Gymu 3Hu-
Jcena 6 cepednvomy na 500 muc. um®

Kmouosi caosa: eupobnuymeo amiaxy, abcopo-
UIHHO-X0NI00UTILHA YCMAHOBKA, BUNAPHUK, BUMPAma
aeemu, anzopumm onmumizauii memnepamypu

u] =,

1. Introduction

One of the main tendencies in improving the efficiency of
production is to reduce energy consumption by introducing
energy-technological systems that utilize the low-potential
heat. Such an approach has led to renewed interest in the
application of thermal absorption refrigeration units (ARU)
in various industrial sectors where a refrigerant must be
maintained at a temperature below 0 °C [1]. This led to the
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widespread use in the composition of large tonnage units
of series AM-1360 of two ARU, which ensure cooling of a
circulating gas (CG) in the low-temperature evaporators at a
unit for secondary condensation of discharge of the ammonia
synthesis [2].

The unit for secondary condensation, ARU in particu-
lar, is characterized by the wide use of apparatuses with air
and water cooling. Given the large-tonnage production of
ammonia and the existing hardware design of the unit for
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secondary condensation, changing the indicators of the envi-
ronment predetermines not only the parametric uncertainty
in the functioning of the object, but also leads to significant
economic losses. According to the available studies, a rise in
the atmospheric air temperature from —6 °C to 30 °C, despite
the growth in the ARU cooling capacity from 2.44 MW to
3.25 MW, causes an increase in the temperature of cooling
of CG from =8 °C to 4 °C [3]. However, raising this tempera-
ture even by 1 °C leads to a decrease in the energy efficiency
of the unit for synthesis in general at the expense of the in-
creased annual consumption of natural gas to an additional
steam boiler by 307.3 thousand nm? in order to obtain water
vapor of high pressure, which ensures the drive of a centrif-
ugal three-body compressor for CG compression and a fresh
nitrogen-hydrogen mixture at the synthesis unit [4]. Thus,
minimizing the temperature mode of CG cooling at ARU
evaporators through the creation of an automated system of
optimal software control acquires special relevance for the
overall process of improving the energy efficiency of large
tonnage units for ammonia synthesis.

2. Literature review and problem statement

Solving the task on minimizing (optimizing) a tem-
perature mode of CG cooling aimed to improve economic
efficiency of production requires, as is known from [5], the
development of a specialized algorithm for the subsystem of
optimization of control object. Regarding a low-temperature
evaporator at the unit for secondary condensation, a problem
on the synthesis of an optimization algorithm in a general
form can be represented in the following way:

¢(X,Y,Z) - min(extr) = X (1), (1)
X=F(Y,Z), (2)

where ¢ is the objective function; X, Z is the coordinate
vector in accordance with the state of the object and per-
turbations of a certain dimensionality. Y is the vector of
controlling influences; F is an operator of the mathemat-
ical model.

Vaporizers are the pipe-casing heat exchangers of the
immersed type with U-shaped tubes. CG is cooled in a
pipe space by ammonia, which boils in the intra-pipe space.
According to the available experimental data [6], a special
feature in the operation of low-temperature evaporators as
the objects of control is associated with a constant influence
of the seasonal and daily disturbances driven by two circum-
stances. The first is related to the use, at the stage of prima-
ry condensation of synthesis separation, of the air-cooled
apparatuses. The second is due to the use, in an ARU cycle,
of water and air cooling, respectively, in the absorber and
in condenser. All this leads to a change in the coordinates
of perturbation vector Z (¢) of evaporators, namely, tem-
perature 0, (¢) of CG (13+23 °C) and the concentration of
ammonia ay, (¢) in CG (9+12 % by volume), temperature
@Y () of the cooling agent (18+38 °C) and concentration

N (¢) of the cooling agent at the inlet (0.993+0.998 kg /kg),
as well as pressure P, () of boiling (0.296+0.16 MPa) of
the cooling agent.

Another feature in the operation of evaporators relates
to the fact that a liquid refrigerant enters it with an addition
of water. In order to prevent the accumulation of water, the

evaporator is designed with the property of draining it in
the form of a reflux with a certain consumption of My [7].
An analysis of the draining process reveals that on the one
hand the excessive discharge of a reflux leads to the loss
of a cooling agent, which can be evaporated. This can lead
to a change in the state vector of evaporator X(¢), namely
to a decrease in the level H(¢) of a liquid cooling agent and
an increase in the temperature of CG cooling ©,.. (¢). The
result is a drop in cooling capacity ®g. On the other hand,
the insufficient drainage of the reflux contributes to the
accumulation of water, reduces the concentration of boiling
cooling agent &, and increases boiling pressure P,. Such
conditions will lead to an increase in temperature ©,.. and
a decrease in cooling capacity ®¢. Therefore, the consump-
tion of reflux My(¢), along with the consumption of cooling
agent MY (t), are among the main coordinates of control
vector Y(¢), which define the optimal vector of state X (¢).
However, the scientific periodicals mostly consider variants
on the expediency of reflux draining techniques from the
evaporator, or to the absorber of the receiver, or to the genera-
tor-rectifier [1]. At the same time, there is almost no informa-
tion on determining the quantitative dependences of influence
of the flow rate on efficiency of the process of heat exchange in
evaporator, particularly under conditions of action of a large
number of external perturbations. Such an absence is prede-
termined by the wide use in ARU of only a periodic draining
of reflux for the set temperature of CG cooling [8]. The down-
side to it is the low operational reliability under conditions of a
possible simultaneous change in the above-specified external
disturbances. Under these circumstances, it is impossible to
uniquely identify the preset CG temperature ©,, and, there-
fore, the moment of the onset of the periodic reflux drainage.
In this case, the process of periodic reflux draining disrupts
the regime of ARU and, if using it improperly, can stop its
operation [9]. In addition, commonly used are such ARU,
particularly at households and processing sectors, which have
a small cooling capacity, in which the effect of the process of
reflux drainage on economic efficiency is not so significant
[10]. For ARU with a large cooling capacity, over 3 MW,
exploited in the production of ammonia, such an effect can
be quite considerable. Therefore, the problem on determining
the quantitative dependence of control action My(¢) on the
optimal vector of state X% (¢) for ARU with a large cooling
capacity, as well as constructing an algorithm for the optimi-
zation subsystem, is of special importance.

3. The aim and objectives of the study

The purpose of this study is to build a subsystem for the
optimal software control over low-temperature evaporators
in absorption-refrigeration units at a secondary condensa-
tion unit in the production of ammonia. That would enable
solving the task on minimizing the temperature of CG cool-
ing and on improving the energy efficiency of production by
reducing the consumption of natural gas.

To accomplish the aim, the following tasks have been set:

— to establish patterns in the control action related to the
consumption of reflux on efficiency of the processes of heat
exchange at ARU evaporator;

— to determine the impact of control action related to the
consumption of reflux on energy efficiency of the production
of ammonia under conditions of a change in the coordinates
of a perturbation vector;



— to develop software tools in order to provide for the
minimization of the objective function and numerical esti-
mation of the optimal vector of the evaporator state.

4. Materials and methods to study influence of
the consumption of reflux on efficiency of the processes
of heat exchange at evaporator

In our research, we applied method of mathematical
modeling. To this end, we employed a mathematical model of
the ARU evaporator; its adequacy was tested and substanti-
ated based on the results of previous studies [6].

We determined quantitative dependences regarding
the establishment of patterns in the influence of reflux
drainage intensity on efficiency of the processes of heat
exchange at evaporator using a specially constructed al-
gorithm. A principal flowchart of this algorithm is shown
in Fig. 1; its software implementation was executed in the
Matlab package.
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Fig. 1. Generalized flowchart of the algorithm to study the evaporator

Denotations that are given in Fig. 1 correspond to the
following physical quantities: V. is the volumetric flow
rate of CG, nm?/s; @/ is the volumetric concentration of
the constituent components of CG at the inlet, % by volume,
F=520m?is the total surface of heat exchange; =0.2 % is the
preset error of calculation; A®=0,1 °C is the step of change
in the temperature; @26 is the mean CG temperature, °C;
AB®M? s the average logarithmic temperature difference, °C;
dp, qp are, respectively, the specific heat flow from the side
of the pipe and intra-pipe space, W/m?% M, M, M is
the mean flow rate, respectively, of the condensed ammonia
from CG, of the cooling agent vapor at the outlet from the
evaporator, and of the liquid cooling agent to the receiver of
the condenser, kg/s; * is the mean heat of ammonia con-
densation, kJ/kg; o,, o,, K are coefficients, respectively,
of the heat transfer from CG, of the cooling agent, and the
overall coefficient of heat transfer, W/(m?K); R is the to-
tal thermal resistance, (m?K)/W; P.., P, is the pressure,
respectively, of CG and a boiling cooling agent, MPa; &,
is the weight concentration of reflux, kg/kg;, ©,, is the

boiling temperature of refrigerant in the intra-pipe
space, °C; i, i,, 9" is the enthalpy, respectively,
of the liquid cooling agent at the inlet, of reflux, and
the ammonia vapor at the outlet, kJ/kg; Fy is the
effective heat exchange surface, m?; n=>526 is the
total quantity of heat-exchanging pipes; ®@p, ®;p are,
respectively, the heat flow from the side of the pipe
and intra-pipe space, MW.

The developed algorithm, in contrast to those

yes generally known, makes it possible to calculate the

effective surface of heat exchange F; at evaporator,
under conditions of action of external perturbations,
from the following formula:

Fy=2/q. (€))

The algorithm consists of two main cycles of
convergence. The first cycle determines tempera-
ture ©,,, and estimates a calculation error §,
under condition AM >0, when the consumption
of a cooling agent vapor and the reflux do not ex-
ceed the possible feed of a liquid cooling agent to
the evaporator from ARU condenser. The second
cycle relates to determining the temperature O,
and the effective heat exchange surface for the case
AM¥ <0, that is, under conditions of the existing
constraint on the flow rate of a liquid cooling agent
from ARU condenser. In this case, both cycles,
provided the level is constant, ensure maintaining
the overall balance of the evaporator in terms of
consumption and energy.

5. Results of studying the influence of the
consumption of reflux on efficiency of the process
of heat exchange at evaporator

Mathematical modeling makes it possible to es-
tablish regularities in the influence of variable, both
a vector of external perturbations Z(¢) and a control
vector Y(¢), on the vector of state X(¢) of the evapo-
rator. Passing over to the space of the state variables,
these vectors will take the following form:
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It should be noted that constraints in the research are
predetermined by the range of change in the coordinates
in the process of constructing a mathematical model of the
evaporator. In this case, based on the results of building a
new energy-efficient hardware-technological implementa-
tion of the unit for secondary condensation, the magnitude
of temperature ©,.. isa constant at the level of 9.2 °C at the
maximum thermal load for CG at the inlet [4].

Fig. 2 shows selected results of studying the control
action related to the consumption of reflux My at different
pressure P, on efficiency of the process of CG cooling at
evaporator under the following constraints:

Voo =310798 nm?/s; ayy =0,103 % by volume;

ag‘z' =0,544 % by volume; af(,\i =0,195 % by volume;
agfh =0,082 % by volume; a’y =0,076 % by volume;
0,:=92 °C; P.,=23 MPa; M =10 t/h;

N 20,998 kg/kg; O =26 °C.
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Fig. 2. Dependence of efficiency indicators of the ARU
evaporator operation on a change in pressure
P ( — Pp=0.29 MPag; - - - - — P,,=0.3 MPa) and the
control action related to the consumption of reflux Mg
a — concentration of reflux &g, boiling temperature of
refrigerant in the intra-pipe space ®, consumption of the

cooling agent vapor at the outlet from evaporator Mf,’”,
temperature of CG cooling ®,¢g; b — cooling capacity @,
coefficient of heat transfer K, effective heat exchange surface
Fyx, average logarithmic temperature difference A@"-P

Fig. 3-5 show results of studying the impact of control
action related to the consumption of reflux My on the target in-
dicators of operational efficiency of the evaporator, specifically
the temperature of CG cooling ©,., and the ARU cooling ca-
pacity ARU ®¢ under condition of change in the coordinates
of perturbation vector and at the above-specified constraints.
These include first of all such constraints as the concentration
of cooling agent &Y, the cooling agent consumption M,
which arrives from the condenser, and the concentration of

ammonia in CG ay;, at the inlet from the evaporator.
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Fig. 4. Dependence of the CG cooling temperature ®,¢cg and
the ARU cooling capacity ®g on the control action related to
the consumption of reflux Mg at different values of
the cooling agent consumption

M3 at the inlet to the evaporator:
— = MY =10,5 t/h;----— M =95 t/h

In this case, the values for these coordinates were chosen
at the levels that are most typical for summer and winter
operation seasons of the unit for secondary condensation,
specifically ARU.
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6. Discussion of results of studying the control action
related to the consumption of reflux on efficiency of the
ARU evaporator performance

The dependences shown in Fig. 2 that were constructed

based on the results of research in terms of cooling capacity

o and CG cooling temperature ©,.. are of extreme charac-
ter due to the control action related to the consumption of
reflux Mg. This is predetermined, in turn, by the extreme
dependence of the cooling agent vapor consumption M2,
which increases at the expense of reducing the temperature
of aliquid cooling agent boiling temperature ©,. The latter
contributes to a decrease in the CG cooling temperature and
an increase in cooling capacity.

Thus, for example, an increase in the consumption of
Mp from 0.2 t/h to 0.35 t/h at a constant boiling pressure
P,=0,29 MPa leads to that the mean concentration of a
boiling cooling agent &, increases from 0.9071 kg/kg to
0.9408 kg/kg. That in turn leads to a decrease in the boiling
temperature of the coolingagent © , from—8.24 °Ct0—9.71°C.
Given this, there is an increase in the average temperature dif-
ference AO™™® from 10.68 °C to 11.24 °C and in the consump-
tion ofacoolingagent MY"", which vaporizes, from 9.08 t/h to
maximum 9.65 m/h. Under these circumstances, temperature
0, decreases from —3.36 °C to minimum —4.5°C, while
cooling capacity @ increases from 2.66 MW to maximum
2.84 MW. Heat transfer coefficient K increases and reaches a
maximum value of 485.5 W/(m?K). That indicates, as known
from [11], reaching the critical limit of the bubbling boiling
mode of the cooling agent. At the same time, lowering the tem-
perature ©,.. by 1.14 °C through the control action related to
the consumption of reflux enables the reduction of natural gas
consumption by 350 thousand nm?/year.

A further increase in control action My, for example,
to 0.5 t/h, leads to the increased concentration of &g, re-
duced temperature ©,, and increased temperature differ-
ence AO@™P | respectively, to 0.9562 kg/kg, —10.1 °C, and
11.32 °C. That reduces the effective heat exchange surface
from 520 m? to 481.27 m?, indicating the establishment of

the transitional boiling regime of the cooling agent. Such a
regime is characterized by that the large steam cavities form
at the surface. As a result, “dry” plots appear at the surface
that seem to rule out part of the surface from heat exchange.
Under such circumstances, the supply of heat directly to
vapor occurs less intensively. This causes a decrease in the
consumption of vapor M$"" to 9.52 t/h, a heat transfer co-
efficient K to 482.5 W/(m?K) and the cooling capacity @ to
2.63 MW. In this case, the temperature of CG cooling 0,
will rise to —4.25 °C, that is, by 0.25 °C, and the consumption
of natural gas will grow by almost 77 thousand nm?/year.

An increase in pressure is most often caused by an
increase in the temperature of water that cools the absorb-
er. According to Fig. 2, an increase in pressure P, from
0.29 MPa to 0.3 MPa requires an increase in the magni-
tude of the consumption My from 0.35 t/h to 0.45 t/h for
establishing the critical limit of the bubble boiling mode
of the cooling agent. In this case, due to an increase in the
temperature difference A®@"" from 10.83 °C to critical
11.01 °C, the cooling capacity will increase from 2.73 MW
to maximum 2.79 MW, and the temperature of CG cooling
0, will drop from -3.7 °C to minimum -3.98 °C. The
result of such a control action related to the consumption,
the yearly consumption of natural gas could be reduced by
88 thousand nm?®/year.

The concentration of a liquid cooling agent at the inlet
to the evaporator £, given the seasonal fluctuations in the
temperature of air that cools the ARU condenser, also varies
quite widely. It follows from Fig. 3 that the extreme (mini-
mum) temperature value ©,.. as a result of increasing the
concentration &% from 0.994 kg/kg to 0.998 kg/kg reduces
from —3.8 °C to —4.5 °C at a constant pressure P,, = 0,29 MPa.
At the same time, there is a shift in the direction of reducing
the magnitude of the control action related to the consump-
tion of reflux from 0.8 t/h to 0.35 t/h, at which the minimum
values for @,., are provided. Under such a condition, the
cooling capacity increases from 2.69 MW to 2.84 MW and
the annual consumption of natural gas could be reduced by
215 thousand nm?.

At a constant heat supply to the generator-rectifier and
the seasonal fluctuations of condensation pressure, there is
a change in the consumption of a cooling agent vapor that
arrives to the condenser, and a liquid cooling agent to the
evaporator. The result of such changes in the consumption
MY, for example, from 9.5 t/h to 10.5 t/h (Fig. 4) is also a
shift in the required control action related to the consump-
tion of reflux from 0.3 t/h to 0.4 t/h, at which the minimum
temperature values ©,., are achieved, namely at the level
of —3.9 °C and — 4.98 °C. At the same time, the maximum
cooling capacity @ is reached, respectively, 2.71 MW and
2.96 MW. Given such a control action related to the con-
sumption of reflux, a reduction by 332 thousand nm?®in the
yearly consumption of natural gas is achieved.

The result of the application of CG air cooling at the
stage of primary condensation is the significant decrease
in the concentration of ammonia in CG ay, , which pre-
determines a change in the thermal load of the evaporator.
According to the derived dependences (Fig. 5), a decrease
in the concentration ay, , from 11 % by volume to 9 % by
volume leads to a shift in an extremum towards decreasing
the control action related to the consumption of reflux, that
is, from 0.4 t/h to 0.3 t/h.

Under such a condition, we observe extremes of tempera-
ture ©,.; respectively, at the level of —4.22 °C and —4.98 °C;



the cooling capacity reaches maximum values of 2.8 MW and
2.85 MW. In this case, the annual consumption of natural gas
could be reduced by 234 thousand nm?.

The research we conducted proved the essential impact
of the consumption of reflux for such powerful ARU on the
CG cooling efficiency, and, therefore, on the energy effi-
ciency of production. In this case, the application of control
action related to the consumption of reflux in the range from
0.2 t/h to 0.8 t/h ensures a reduction in the annual natural
gas consumption by 500 thousand nm? on average.

The established extreme character of the CG cooling
temperature dependence ©,.. on control action related to
the consumption of reflux and the displacement of an extre-
mum under conditions of changing the values for the coordi-
nates of perturbation vector Z(¢) confirms the need to build
a system of optimal software control over temperature mode
of CG cooling. The main element of such a system must be a
subsystem of optimization for calculating the magnitude of
the coordinate of control action related to the consumption
of reflux, which determines the optimal state vector X(¢) of
the evaporator.

An analysis of the above process of computation testifies
to the possibility of solving a multidimensional optimiza-
tion problem using a gradient-free method of the step type
applying the algorithms for a one-dimensional search for an
extremum. Gradient-free methods, as known from [12], in
terms of a character, are most suitable for the optimization
of existing industrial systems.

Given the sensitivity of the object to a change in the con-
sumption of reflux, the most appropriate is to use a scanning
method in the space of only one variable. Such a method
ensures, by applying a small search step, that an extremum
would not be omitted [13]. Given this, with respect to the
derived dependences, we accepted a search step for the con-
sumption of reflux at the level of 0.02 t/h. At the same time,
the algorithm’s flowchart shown in Fig. 1 was complemented
with the third cycle of search for a global extremum.

The resulting algorithmic tools for minimizing the tem-
perature ©,,. of CG cooling makes it possible to employ
it in the optimization subsystem. This subsystem is the
main component in the general technical structure for the
automated system of optimal program control over the
ARU evaporator. In the future, we plan to build an infor-
mation-control subsystem, based on the real-time database
and hardware-software tools for collecting and processing
current information about the state of a technological object.

7. Conclusions

1. Based on the results of mathematical modelling, we
established the dependence of efficiency indicators of the
processes of heat exchange at evaporator on a change in

the control action related to the consumption of reflux and
the coordinates of the external perturbation vector. Among
these indicators, we should highlight such of them as ther-
mal fluxes, cooling capacity, the temperature of CG cooling
coefficients, temperature head, and heat transfer coeffi-
cients. We established a pattern of the extreme character of
dependence of cooling capacity, temperature of CG cooling
on the consumption of reflux, an increase in which leads to
an increase int the temperature head of evaporator. Reach-
ing the maximum cooling capacity, and thus the minimum
cooling temperature of CG at a certain temperature head,
is predetermined by the critical mode of bubble boiling of
a cooling agent. A further increase in the temperature head
with a growing consumption of reflux contributes to the
establishment of the transitional regime of boiling. Such a
mode is characterized by the appearance at the heated sur-
face of “dry” plots, which leads to a decrease in the efficiency
of the heat exchange surface and cooling capacity and to an
increase in the temperature of CG cooling. We built depen-
dences of the CG cooling temperature on the control action
related to the consumption of reflux, which characterize the
displacement of an extremum under conditions of changing
the values for the coordinates of the perturbation vector.

2. We have defined the efficiency indicators of ammonia
production, namely the consumption of natural gas under
conditions of change in the control action related to the
consumption of reflux and coordinates of the perturbation
vector. It is established that the underestimation of the
control action related to the consumption of reflux for such
a large-ton production significantly affects the temperature
of CG, and therefore the energy efficiency of production. It
is shown that given the existing constraints and stabilization
of reflux consumption, for example, at the level of 0.35 t/h,
decreasing the concentration of a refrigerant at the inlet to
the evaporator from 0.998 kg/kg to 0.994 kg/kg, would
provide for an increase in the temperature of CG from the
evaporator by 2.5 °C, and therefore an increase in the annual
consumption of natural gas by 768 thousand nm?®. At the
same time, increasing the control action related to the con-
sumption of reflux to 0.8 t/h could decrease the temperature
of CG from the evaporator only by 0.7 °C, which provides
for a reduction in the annual consumption of natural gas by
553 thousand nm?.

3. We have developed the algorithmic tools for minimiz-
ing the temperature of CG cooling and for numerical estima-
tion of the optimal state vector. The use of a given algorithm
contributes to solving the optimization problem by a gra-
dient-free technique of the step type applying the methods
of one-dimensional search for an extremum. Employing a
given algorithm ensures the construction of subsystem for an
optimal software control over low-temperature evaporators
at absorption-refrigeration plants in a unit for secondary
condensation in ammonia production.
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Ouinenuii 6NaUE OUCKPEMHUX 6]LACMUBOCTEN MIKPONPOUECOPHOT Cuc-
memu ynpaeninns na ochogi Arduino Due na mounicmo izuunoi modeni | | DOI: 10.15587/1729-4061.2018.139674
00%060i nacoctoi cmanuii wasxom mooemoeanns 6 MATLAB. Ilpu uyvomy
8pPAxX08YBANUCA MAKT YUHHUKU, AK nepiod komymauyii LTI, kpox xeanmy-
eanns no piento i 3a uacom AIII i ITAII mikponpouecopa, uac UKOHAHHSA

npozPamno20 yuxy, wym moaoduux pospaie AL, wym i inepuiiinicmo Ex P E R I M E N T A L

damuuxa cmpymy, a MaKkoxc 6i0XUNCHHA NAPAMEMPI6 EMHICHUX Pilb-

mpie, 6KIAI0UEHUX 8 KAHATU 360POMHO20 36 A3KY NO HANPY3i, 610 HOMIHAIL- s T U DY I N TO

HUX 3Ha1eHb, HABAHMAINMNCEHHA nepemaeoproeaua i nepenaa Hanpyeu Ha KJie-

Max axymyasmopnoi 6amapei. o PTI M A L I N T E R_

3a pe3yiomamamu pospaxyﬂxie cmaJiio ACHO, W0 UM 6NJaAU6OM MOJHCHA

3nexmyeamu i Oani, 3i0pani 3a 00nomo2010 Qizuunoi mooeni 00xK060i D E P E N D E N C E

Hacocnoi cmanuii, € docmogipnumu. Illnaxom Qizuunozo modenrosanns

OMpUMana eKCnepuMeHmaibHa 3aaeHCHICMb MidC 6UMpPamamu enepeii-ua- O F E N E RG Y _
CY HA CROPOICHEHHS KAMEPU CYX020 00KA, AKA NIOMEEPOIHCYE MONCIUBICILL
3HAuUHOT eKOHOMIT eHepeii, Koo NPouec ONMUMIZYEMbCA 34 8i0N0GIOHUM TI M E CO ST s
xpumepiem. Ile cmano MoxicauUBo 3a80AKU 0A2AMOKPAMHOMY HUCENLHO-
My pluennio Kpaiioeoi 3adaui 6e3nocepeonvo na Qizuunii modeni. 3uama
xapaxmepucmuxa ceiouums npo me, w0 NPU MAAUX 3HAUEHHAX MPUBAIO- FO R E M PTY I N G
cmi npouecy CnopoICHEHH KAMepu eKOHOMIsL eHepeii, AKa 00ca2aemovcs 3a
PAXYHOK ONMUMATILHOZ0 YNPABTIHHS eNEKMPONPUSOOOM HACOCA, BI0HOC- A DRY DOCK

HO HeBeUKAa 6 NOPIGHANHI 3 6APIAHMOM HEPeYbOBAHO020 JIEKMPONPUBO-
0y. IIpome npu 3amseyseanni npouecy 60HA Moxce 00CA2AMU 3HAUEHb HA
pisni 13 %. Taxosc 36epmae na cebe ysazy mou paxm, wo nouwunarouu 3 P. Khristo
0e5K020 3HAMEHHA UACY CNOPONCHEHHA KAMEPU CYX020 00KA, eHepeis ejice :
nPaKmMuuHO He MIHAEMbCL, W0 POOUMD PAUIOHATLHUM B8e0eHHA HEPOOOHOT
naysu 6 3aKon ONMuUMAaIbHOZ20 YNPAGIIHHA 00 EKMOM.

Taxum wurnom, niomeeporcena MONCAUBICMb i QOUINLHICHb ONMUMIZA-
uii npouecy CnopoNCHeHH Kamep CYxux (HanoeHeHHs — HANUBHUX) 00Ki6
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1. Introduction mance of main pumps of the dock pumping station is quite

an urgent issue today. A key feature of working modes of

At shipbuilding and ship dock enterprises, which have  pumping stations serving dry docks is a continuous and
dry or liquid dock-chambers, ensuring the optimal perfor-  significant change in the level of fluid in the process of
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