Bulletin of National Technical University of Ukraine «Igor Sikorsky Kyiv Polytechnic Institutey
Series «Chemical Engineering, Ecology and Resource Savingy. 2024. Ne 1 (23)

VIIK 664.9.047

Oleksii SYTNIKOV*, Denys SKLADANNYY, Sergii PLASHYKHIN, Kostiantyn SOKOLOV
National Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic Institute”

COMPARISON THE MODERN CONTROLLERS’ EFFICIENCY FOR
THE SPRAY DRYER’S CONTROL SYSTEM

Spray drying is one of the widely used drying process in chemical, pharmaceutical, and food industry. This process
allows removing water from the product, which is produced in the solution form, and turn the finished product into a
flowing powder material. It is obvious that such a process requires a significant amount of thermal energy, which is
spent on the water evaporation. In addition, as in any drying process, in spray drying there is a problem with possible
material over-drying. Therefore, the task of qualitative regulation of the spray drying process remains relevant.

In this article, we attempt to compare the efficiency of two modern controllers for controlling the spray drying process.
This is known in the theory of control of dynamic objects using predictive models model predictive controller and a
fuzzy controller based on linguistic variables. The regulators choice due to both their popularity and high control
quality indicators, which are given in published scientific works. The study was performed on based on spray drying
process models, which were obtained in the previous work of the authors.

In the research we used the software package MATLAB Simulink for control systems simulation. The research result
show, that using the MPC-controller in the spray dryer’s control system allow to reduce the transient processes time.
However, in case of a fuzzy controller, the control system partially levelling the mathematical model’s inaccuracy.
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Introduction. The spray drying process is widely used in the pharmaceutical, chemical, food, and some other
industries. Such process allows turning the liquid products into flowing powders. Strengthening requirements for
processes environmental safety and growth the competition in industries requires the development and
implementation the modern drying process control methods. Traditionally, spray dryers are operated using control
systems with proportional (P) and proportional-integral (PI) controllers. Both P and PI control systems are based on
fixed single-input — single-output strategy. In this paper we would like to present the theoretical result of our research
of spray dryer control systems using modern controllers. The use of such controllers, in our opinion, should
significantly improve the technical and economic characteristics drying process.

Literature analysis and problem statement. In recent years, a significant number of scientific publications have
been published, devoted to the work of modern controllers in systems of automated control of technological processes.
Using the MPC controller [1,2] and fuzzy controller [3,4] to solve such problems is gaining considerable popularity.
In the paper [3] authors investigated and compared two control algorithms: fuzzy control and model predictive control.
The authors investigated the implementation of both algorithms in real time on low-cost embedded devices, such as
microcontrollers. This makes them accessible for a wide range of applications, such as robotics, industrial control etc.
It is shown that fuzzy control is simple to implement and does not require an accurate model of the system, but it may
not be as precise as MPC. MPC can be more accurate, but it requires more complex implementation and an accurate
model of the system. Authors concluded, that neither algorithm has no significant advantages over the other and the
choice of the best algorithm depends on the specific application. Another result of investigation and comparison the
fuzzy controller and model predictive controller is shown it work [4]. In the paper studies fuzzy logic based and MPC
based DC-DC converters, which are used to regulate the output voltage in DC power systems. The authors come to
similar results regarding the models’ accuracy and complexity necessary for the specified controllers’ high-quality
operation. The paper concludes that MPC converters are better choice for systems where high accuracy regulation is
required. However, fuzzy logic-based converters may be a better choice for systems where simplicity of
implementation is important.

The three controllers: proportional-integral controller, a linear model predictive controller with real-time
optimization and an economically optimizing nonlinear model predictive controller are investigated is work [5] for a
four-stage spray dryer. The key performance indicators such as the profit of operation, the product flow rate, the
specific energy consumption, the energy efficiency, and the residual moisture content of the produced powder are

35§ e—

© The Author(s) 2024. Published by Igor Sikorsky Kyiv Polytechnic Institute. This is an Open Access article
distributed under the terms of the license CC BY 4.0 (https://creativecommons.org/licenses/by/4.0/), which permits
re-use, distribution, and reproduction in any medium, provided the original work is properly cited.



Bulletin of National Technical University of Ukraine «Igor Sikorsky Kyiv Polytechnic Institutey
Series «Chemical Engineering, Ecology and Resource Savingy». 2024. No 1 (23)

computed and compared for the three controllers. The MPC controller showed the best result in that research according
to the optimal operation. The authors of the work [6] used a more traditional approach to solving the problem of
automated control. In this research the method for controlling the outlet air temperature from the spray dryer chamber
using a PID controller to adjust the liquid feed or inlet air temperature to maintain a set outlet air temperature. The
authors assert that the proposed method can be effectively used to control the spray drying process because of it is
simple to implement, and provides stable outlet air temperature, and improves product quality. Also, the idea of
comparing different regulators for controlling spray drying is developed in the work [7]. The authors developed a
dynamic model of the spray drying process that takes into account suspension properties, drying conditions, spray
chamber hydrodynamics and heat and mass transfer. Two methods of optimal controller synthesis are proposed in the
research: linear quadratic controller (LQC) and MPC. Author concluded, that both proposed control methods can be
effectively used to optimize the spray drying process and both LQC and MPC provide better product quality,
disturbance rejection and economy.

In previous authors’ work [8], using the methods, described in [9], two mathematical models of spray dryer are
built. The first one takes into account the heat loss to the environment, but the second one not. Obviously, that the
accuracy of the first model is significantly exceed the accuracy of the second one. The transfer functions for control
channels, taking into account heat loss to the environment, such function is:

Ween = |AAT_11)D| (1)
Without taking into account heat loss to the environment is:
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G..1 — suspension consumption; w. — suspension relative moisture content; 7. — suspension temperature; cc. —
specific suspension heat capacity; Gc,— dry matter consumption; w.» — dry matter relative moisture content; 7c» —
dry matter temperature; G,. — fuel gas consumption; 7,1 — input fuel gas temperature; c, — fuel gas heat capacity; 7,2
— output fuel gas temperature; V, — the volume filled with fuel gas; p, — fuel gas density; p. —suspension density; Kt
— heat transfer coefficient; S — the heat exchange surface area between the suspension and the combustion gases; » —
specific water vapor formation heat capacity; K1 — heat transfer coefficient to the environment; S; — the heat exchange
surface area between the combustion gases and the environment; Tgny — environmental temperature.

Thus, comparing the performance of fuzzy and MPC controllers, which are used for the technological processes’
regulation, is an urgent task that requires the research. The purpose of this study is to compare the results of the
specified controller for the technological object — the spray dryer.
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Presenting main material. We used MATLAB Simulink software to study a simulation model of the spray dryer
control system with the corresponding regulator. The technological object itself is modelled by using its transfer
functions (1) and (2), respectively. The model is supplemented with initial conditions — the moisture content initial
value (= 0.693). MPC-controller is modelled by the corresponding block, which structure is shown in fig. 1. The
moisture content value, which is required at the exit from the apparatus (= 0.2), is set by the constant block. The
simulation model for a system with the MPC-controller [12] presented in fig. 2.
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Fig. 1 — MPC-controller’s structure
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Fig. 2 — Simulation model for a system with the MPC-controller in software package Simulink

For modelling the spray dryer control system using a fuzzy controller, linguistic variables and its fuzzification
must be specified. For the control variable — the drying agent temperature (7) — we propose the universum [663;
683] °C and three terms: {low; normal; high}. The membership functions for such terms are:

1, T <668

tow = OB3-T  (eg<1<673):
0, T>673
1, T>678

T pigh = T_5678, 673<T<678};
0, T <673
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0, T<688ORT >678

= T_5668, 688<T <673

norm

678-T

s 673<T <678

For the controlled variable — moisture content in the dried substance (w) — we propose the universum [0.019;
0.021] g/g and the same three terms: {low; normal; high}. The membership functions for such terms are:

1, w<0.0195
w, =122 (0195 <w<0.02);
0.0005
0, w>0.02
L w>0.0205
Wi = Ww=0.0195 4 02 < w<0.0205
0.0005
0, w<0.02
0, w<0.0195 OR w>0.0205
w = w=00195 0.0195< w<0.02
0.0005
0.0205=w 0.02 < w<0.0205
0.0005

With the linguistic variables formed, we can start creating fuzzy control rules:

IF wis “low” THEN T'is “low”
IF w is “normal” THEN T is “normal”
IF wis “high” THEN T 'is “high”
The specified fuzzy control rules are visited in Fuzzy Logic Toolbox, which is part of the MATLAB software

product. The control system has one input and one output. The simulation model for the system with the fuzzy
controller [12] presented in fig. 3.
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Fig. 3 — Simulation model for a system with the fuzzy controller in software package Simulink

The transient characteristics graphs of the closed loop control system with MPC on fuzzy controllers are presented
in the figures 4 and 5.
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Fig. 4 — Transient processes for the system with the MPC-controller
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Fig. 5 — Transient processes for the system with the fuzzy controller

In both of these figures the solid line shows the transient characteristics for model which includes heat loss to the
environment, dashed line for the model which does not include heat loss.

Conclusions. As can be seen in figures 4 and 5, the using the MPC-controller in the spray dryer’s control system
allow to reduce the transient processes time. The obtaining time a new mode for a system with an MPC-controller is
about 10 seconds, while for a system with a fuzzy controller it is about 13 seconds. On the other hand, in the case of
a fuzzy controller, the transient curves are closer to each other. This indicates that the system with fuzzy controller
"smooth out" the mathematical model’s inaccuracy to a certain limit. In addition, both figures 4 and 5 show that for
the studied process, increasing the mathematical model accuracy leads to a reduction the transient processes time for
the both systems with regulators, although not very significantly.

Further research prospects. Further research is aimed at studying the control system operation using other
regulators — PID, linear-quadratic, etc. In addition, the research on improving the mathematical model accuracy with
the purpose of determining the transient processes time reduction could be an interesting direction.
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Cummnikoe O. B., Cknaoannuit /I. M., IInawmuxin C. B., Cokonos K. 1.

HOPIBHAHHA E®EKTHUBHOCTI CYYACHHUX PETVYJATOPIB Y CHCTEMI KEPYBAHHA
PO3IMUJIIOBAJIBHOIO CYITAPKOIO

Ipoyec posnunioganbho2o CywinHsa € 0OHUM i3 HAUOIIbW WUPOKO BUKOPUCHOBYEAHUX NOOIOHUX Npoyecis, AKul
3HAX0OUMb 3ACTNOCYBAHHS Y XIMIYHIN, (hapmayeemuunitl ma Xap4osii ma iHwux 2any3sax npomucrosocmi. OCHOBHOIO
Memoio maxko2o npoyecy € 8UOAIeHHs 00U 3 20M0OB020 NPOOYKMY Y BUNAOKAX, KOJIU 20MOBUL RPOOYKIM UPODISLEMbCS
¥ 8uensadi posuuny. Ilpu ybomy 2omoguii npoOyKm nepemeoprocmvcs Ha CUNY4uti NOpowKOnoOioHU mamepia, KUl
3HAYHO Kpawje npuoamuuti 00 mpaHcnopmyeanus ma 30epieans.

Oueguono, wjo npoyec po3snUIO8AIbHO20 CYUWIHHA PO3HUHEHUX Mamepianie nompeOye 3HauHoi KilbKOCmi menioeoi
enepeii. Ilepesadicna wacmuna maxoi enepeii cnpsmMoBYEMbCS HA HASPIBAHHI PO3UUHY 20106020 NPOOYKMY md Ha
BUNAPOBYBAHHI 800U 3 pO3UUHY. [HULOI0 3a0auerlo NPaKmuyHoi peanizayii npoyecy po3nuieHo2o cyulints, K i  6y0b-
SAKOMY NOOIOHOMY Npoyeci, € npobreMa MOAHCIUB020 nepecyutysanns mamepiany. Tomy 3a0aua AKiCHO20 Kepy8aHHs
npoyecom po3nunio8aIbHO20 CYUIHHA 3ATUMAEMbCA AKMYAbHOI.

Tpaouyitino po3nuno6anbHi CyWapky npayiornms 3a 00NOMO20I0 CUCMEM KepYSaHHA 3 NpONOPYItiHUMU Ma
nponopyiiHo-inmezpanvHumu pezyasimopamu. O6uoei 3a3HaweHi cUCmeMu Kepy8aHHs 3ACHOBAHI HA (DIKCOBAHIU
cmpamezii: 00un 6xi0 — 00un 6uxio. Y yiit pooomi mu xominu 6 npedcmagumu meopemuyti pe3yibmamu 00Ci0NceHb
cucmem Kepy8anHs po3HUTIOBATbHUMU CYUAPKAMU 3 BUKOPUCTIAHHAM CYYACHUX pe2yIamopia. 3acmocy8anHts maxKux
pezynamopis, Ha Hauy OYMKY, NOBUHHO ICMOMHO NOKPAWUMU MEXHIKO-eKOHOMIUHI XapaKmepucmuKku npoyecy
cywinns. Y pobomi GUKOpUCMAHO WUPOKO-GIOOMULL Y Meopii KepysanHs OUHAMIYHUMU 00'ckmamu MOOerbHO-
npoenocmuunutl pecynamop (MPC) ma newimxuil pe2yisimop Ha 0CHOGI AiHeGICMUYHUX 3MIHHUX. Bubip pezynsmopis
00yMO6IeHUll AK IX NONYAAPHICMIO, MAK | BUCOKUMU NOKAZHUKAMU AKOCME KEPYBAHHSL, K HABeOeHT 8 ONYONIKOBAHUX
Haykosux npaysax. J[ocniodicents npogoounu Ha 0CHOBI MoOeell npoyecy pONUTIOBANbHOT CYWKU, SKi 0Y.IU OMPUMAHi
6 nonepeoHitl pobomi asmopis.
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Oens0 nonepeonix nyonikayii 8KIOYAE analiz 08aHAOYIMuU Oxcepei, N 'samb 3 AKUX NPUCBAUEHT 3ACMOCYBAHNS PIZHUX
cmpameziii  Kepy8amHs NpOYecoM pPONUNIOBATLHOZO CYUWLIHHA MA YOMupu — MNOPIGHAHHIO epeKmusHocmi
suxopucmannss MPC pezynsmopa ma Heuwimkozo pe2yismopa Osi Kepy8aHHsi npoyecamu piznux eanyseil. 3a
pesyibmamamu 02710y NOKA3aHA OOYLIbHICMb NOPIGHSHHS pe3yibmamie poboma 3a3Ha4eHuUx pe2yisimopie Ois
00CHLOHCYBAHO20 NPOYECY.

Y oocnioocenni sukopucmosysascs npoecpamuutl nakem MatLab Simulink ons modemosanus cucmem ynpasuinms.
Cam mexHono2iuHUL 00’ €KM MOOENOEMbC 3a O0NOMO20I0 11020 NEepeddsanbHux @OYHKYIN, sKI 00epicaHi y
nonepeouii pobomi aemopie. Mooeib 00NOBHEHO NOYAMKOSUMU YMOBAMU — HOYAMKOGUM 3HAYEHHIM B01020CTII.
MPC-pezynamop moldenroemuvcsi 6iOnN0GIOHUM OIOKOM, HeoOXiOHe 3HAYeHHs 0JI020Cmi Ha 6uxodi 3 anapamy
3adaemocst  O10KOM  KOHcmaum. JIisi MOOemo8amHs CUcmemu KepysanHs pPONUTIOBANbHOIO CYULAPKOIO 3
BUKOPUCMAHHAM HEYimK020 pe2yiamopa 3a0aHi JIHeICMUYHI 3MIHHI ma nposedeno ix ¢aszugbikayir. /s
KOHMPOMIOIOYOT Ma KOHMPOIbOSAHUX 3MIHHUX — MEMRepamypu CyWUibHO20 A2eHmy md G0J020CMI 00epIHCAHO20
mamepiany — 3anponoHOBAHO YHIGepcymu i mpu mepminu. {Huzekuil;, Hopmanvhuil, eucoxuu}. Coopmynvoeani
HeYimKi npasuia pobomu pezyasimopa.

Pesynomamu oocnioscens noxasanu, wo euxopucmanuss MIIC-xonmponepa 6 cucmemi Kkepy8amHs pO3nUIIOEAILHOIO
CYWapKo0 00360758€ CKOpOmMUmu 4ac nepexionux npoyecig. OOHaK y GUNAOKy HeYImKO20 pe2yisamopa Cucmema
KepYBAHHs 4aACMKOBO HIBENI0E NOXUOKY MAMEeMaAmUuiHoi MoOeri.

Knrwouosi cnosa: enezoegpexmusna mexmonozis, posnumio8aibHa cywapka, imimayitna mooeis, MPC-pezynamop,
HeuimKul pe2yiamop
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