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TOM TAT:

Nghién ciru giai phéap thiét ké hé théng diéu khién ty dong cho thiét bi trao doi nhiét dang ong

chum quy mé phong thi nghiém. Muc tiéu chinh 13 6n dinh nhiét d6 dau ra ctia dong nong thong qua

viéc diéu chinh tu dong luu lugng dong lanh. Nghién ctru da tién hanh cai tao phz‘in cung, 1ép dat
thém bom luu lugng DC va nang cip hé thong do ludng bang cam bién ky thuat sé DS18B20. Giao
dién diéu khién giam sat dugc xay dung trén phan mém SerialCom Instrument két ndi véi vi diéu
khién trung tim Arduino Mega 2560. B diéu khién ty 18 - tich phan - vi phan (PID) phan hdi duoc
thiét ké va t6i uu hoa thong s6 thong qua phuong phap Ziegler-Nichols, cong cu Matlab Simulink va

thuc nghiém thir sai. Két qua cho théy, hé théng hoat dong 6n dinh, bd thong s6 PID t6i uu giup nhiét

d6 bam sat gia tri dat vdi sai s6 rat thép (0,12%) va hiéu suét truyén nhiét thuc té dat khoang 65%.
Tir khéa: thiét bi trao d6i nhiét éng chum, diéu khién ty dong, diéu khién PID, Matlab

Simulink, Arduino.

1. it van dé

Thiét bi trao ddi nhiét 6ng chum 1a mdt trong
nhiing thiét bi quan trong nhat, chiém tir 35% dén
40% céc ung dung trong day chuyén san xuét cong
nghiép nhu nhiét dién, loc hoa dau va hoa chit (S.
Kallannavar S. Mashyal, M. Rajangale, 2020; L. Y.
Chen, V. S. K. Adi, R. Laxmidewi, 2022). Bé
dam bao chat lugng san phém, hi€u qua vén hanh
va an toan h¢ thong, nhu ciu ty dong hoa va gidm
sat chat ch& ddi voi loai thiét bi nay 1a rat 16n (S.
Dehran, 2017).

Mic du da c6 mot luong 16n cac nghién ctru vé
viée thiét ké va thir nghiém bo diéu khién & quy mo
phong thi nghiém duoc cong b, viéc trién khai trén
thyc t& thuong gip rao can do phan mém diéu khién
mic dinh ctia nha san xuét bi gidi han, khong cho
phép stra d6i dé 4p dung cac thuat toan tiy (N.
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Mansour, M. Bin Shams, and H. Ismail, 2022). Vi
vay, nghién ctru ndy dugc thyc hién véi muc ti€u xay
dung mot giai phap toan dién tir cai tao phan cimg, lap
dat thiét bi dén thiét ké giao dién phan mém giam sat,
tir d6 trién khai thanh cong thuat toan diéu khién PID
cho hé thng trao di nhiét dang dng chum kiéu 1-4.

2. Phwong phap nghién ciru

2.1. Ciu triic hé thong va thiét bi

Hé théng st dung thiét bi trao ddi nhiét 6ng chum
v6i 16p vo inox va 20 dng dong truyén nhiét bén trong
(duong kinh ngoai 8mm, chiéu dai 340mm). Dé tu
dong hoa qua trinh, mgt bom chim DC 12V (cong
sudt 180W) duoc lap dit bd sung nhim tr dong diéu
chinh Ivu lugng dong lanh gidi nhiét. Khéc phuc han
ché ciia cam bién Pt100 nguyén ban, hé théng dugc
nang cap str dung 5 cam bién k¥ thuat s6 DS18B20
(sai s6 £0.5°C) dé do ludng chinh xac va giao tiép
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truc tiép voi vi diéu khién Arduino Mega 2560. Toan
b céu trac cua hé théng bai thi nghiém sau khi dugc
cai tao, bao gém viéc l:flp dat thém bom diéu khién
dong lanh va td dién tu dong, duoc minh hoa chi tiét
trong Hinh 1.

2.2. Sdch lwoc diéu khién qud trinh

Qu4 trinh truyén nhiét trong thiét bi dwoc ap
dung sach luoc diéu khién phan hdi vong kin véi cac
bién sau:

Bién can diéu khién: Nhiét 36 dau ra cia dong
nong (Tpy)-

Bien diéu khién: Luu lugng dong lanh (F,), dugc
thao tac bang cach thay d6i do rong xung cap cho
Module Mosfet HA210N06 dé thay dbi tbc do quay
ctua bom.

Bién nhiéu: Luu luong va nhiét do dau vao cua
dong néng, ciing sur ton that nhiét ra moi truong.

2.3. Thiét ké bj diéu khién PID

Dau tién, ham truyén cua hé théng duoc xac dinh

bang thuc nghiém qua phuong phap ké tiép tuyén tai
diém uén, thu duge mo hinh x4p xi bac 1 ¢6 tré:
-6

W(S) = 40S n 1 e 6.67s

T ham truyén niy, nghién ciu tién hanh
tim tham s6 cho bd diéu khién PID théng qua 3
phuong phap:

(i) Tinh to4n theo tiéu chuan Ziegler-Nichols 1.

(ii) T6i uu héa bang cong cu PID Tuner trén phan
mém Matlab Simulink.

(iii) Thuc nghiém thir sai truc tiép trén hé thng
vat ly dé triét tiéu cac sai 1éch do nhidu moéi truong.

3. Két qua va thao luin

3.1. Phén tich dip img cia hé théng diéu
khién PID

DPé danh gia chat luong cua thuat toan PID Iy
thuyét, qué trinh mé phong trén Matlab Simulink da
duoc tién hanh & so sanh giita b thong s6 Ziegler-
Nichols 1 (Kp = 1.2, K;=0.09, K, = 4) va bo thong

Hinh 1: C4u tao hé théng bdi thi nghiém truyén nhiét 6ng chim sau khi Idp bom diéu khién

dong lanh va tu dién

(1) Luulugng ké dong néng; (2) Van diéu chinh dong néng; (3) Bom; (4) Van diéu chinh déng hoi luu;
(5) Noi dun; (6) Thiét bj truyén nhiét Sng cham; (7) Van diéu chinh dong lanh; (8) Luu lugng ké dong

lanh; (9) Bom chim.
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sb t6i wu hoa bang PID Tuner (Kp = 0.294, K; =
0.011,Kp=1.03).

Dua vao dd thi md phong Hinh 2 va cac chi s6 tinh
toan, co thé thiy phuong phap Ziegler-Nichols mang
lai d6 vot 16 thap hon rit nhidu (chi 0,44% so véi
2,22% cta bo Simulink). Mic du bd théng sb Matlab
cho thoi gian xac 1ap nhanh hon d6i chut (160s so véi
200s), nhung dic tinh it vot 16 ctia Ziegler-Nichols
dam bao tinh 6n dinh cao hon, phu hop dé ap dung
cho hé théng nhiét thuc té noi tinh an toan duoc dat
1én hang dau.

Khi tién hanh chay trén thiét bi vat 1y thyc té, do
c6 tac dong clia nhidu moi trudng, phuong phap thir
sai da dugc ap dung dé vi chinh lai b sb Ziegler-
Nichols nham tim ra thong s6 tdi uu nhét. Hinh 3
biéu dién qua trinh nhiét d6 bam theo gia tri dat
(setpoint) theo thoi gian thyc. Sau qua trinh tinh
chinh (ting K; 1én 0.1 va gidm K xudng 2), duong
dap tng (mau den) bam sat hoan hao vao duong gia
tri mong muén (mau do). Cu thé, nhiét do dau ra cua
dong nong dat va duy tri vo cing 6n dinh & mirc
49.94°C. Sai sb xac lap dat mtc cuc ky thép, chi
0,12%, v6i thoi gian dé hé thong di vao trang thai on
dinh (thoi gian xac 1ap) chi mat 5 phut (300 giay).
Diéu nay minh ching hé thdng c6 kha ning khang
nhiu va bam diém dit tuyét voi.

3.2. Pdnh gid higu sudt truyén nhiét thuc té

Nham danh gia nang lyc hoat dong cua thiét bi sau
khi duoc diéu khién tu dong hoa, nhom nghién ctru da
tién hanh do luong nhiét lugng toa ra, nhiét lwong thu
vao va tinh toan hiéu suat truyén nhiét theo thdi gian
thyuc. Toan bd két qua do luong va cac thong sb tinh
toan chi tiét duoc tong hop trong Bang 1.

S liéu thuc nghiém chi ra mdt khuynh hudng ro
rét vé hiéu suat ctia thiét bi. Trong khoang 2 phut dau
tién, qua trinh trao dbi nhiét dién ra rat tbt véi hiéu
suét 1 dat t6i 86.2%. Tuy nhién, tir phut thi 6 tré di
khi hé théng dat duoc trang thai xc lap nhiét do
(setpoint), hiéu sudt bit dau sut giam va 6n dinh
quanh muc 64,7% dén 65%. Sy bién thién nay duoc
giai thich boi lugng nhiét that thoat ra moi truong
xung quanh gia tang khi thiét bi di vao 6n dinh nhiét
(Q_f dao dong tir 680W dén 713W) do thiét bi hién
tai khong duoc trang bi 16p boc cach nhiét. Déng
thoi, dua vao chénh I¢ch nhiét do logarit trung binh,
hé s truyén nhiét dai thuc t& (K_tt) cua thiét bi duogc
tinh toan duy tri 6n dinh & murc x4p xi 245 W/m.K,
chimg to thiét bi tuy c6 ton that nhung 151 truyén nhiét
bén trong van lam viéc hiéu qua.

4. Két luan

Nghién ctru d2 x4y dung va van hanh thanh cong
hé thdng diéu khién tu dong hoan chinh cho thiét bi

Hinh 2: Pé thi so sdnh khé ndng ddp tng cta bé PID tinh theo Ziegler - Nichols

va bé Kp, K, Kp 16i uu theo Matlab Simulink
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Hinh 3: D4 thi dap tng v6i bé Kp = 1.2; K; = 0.1; Kp = 2 trén hé théng thuc
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Bang 1. K&t qua cdc théng sé tinh todn (Hiéu sudt 1, Tén that € theo thai gian)
Thi gian ‘Lu’u IL’Pqng I‘_u’u lwong l:lhiét I!,Pqng b{hiét lwong NI;\iét Itfqng
(phat) dong néng Gy | donglanh G, | dong né6ng Qy | dong lanh Q; ton that Q¢ n
(kgls) (kgls) (W) (W) (W)

1 0.066 0.133 1926.532 1661.173 265.359 0.862
2 0.066 0.133 2284.316 1938.035 346.281 0.848
4 0.066 0.133 2171.476 1661.173 510.303 0.765
6 0.066 0.099 2132.946 1453.526 679.419 0.681
8 0.066 0.099 2149.459 1453.526 695.933 0.676
10 0.066 0.066 1959.558 1245.880 713.678 0.636
12 0.066 0.066 1926.532 1245.880 680.652 0.647

trao d6i nhiét dang dng chum. Viéc nang cip phan
cimg bang bom chim va cam bién ky thuat sb
DS18B20 di tao ra sy dong bo tdt véi vi diéu khién
Arduino va giao dién gidm sat trén nén tang
SerialCom Instrument. Bo diéu khién PID véi
thong s6 hiéu chinh thyc nghiém (Kp = 1.2, K; =
0.1, K, = 2) ddm bao hé¢ thong phan hdi cuc nhanh,

Loicamon :

duy tri sai s tinh v6 cting nho (0,12%) va giit hiéu
suét thiét bi 6n dinh & muc 65%. Hudng phat trién
trong tuong lai la thay thé bom dong lanh bang thiét
bi c6 cong suat 16n hon két hop diéu khién bang
bién tdn nhim méo rong dai nhiét do diéu khién cua
toan bo hé théng, cling nhu boc cach nhiét dé han
ché that thoat nhiét m

Nhém tic gid xin cam on Truwong Pai hoc Bich khoa, Pai hoc Quéc gia Thanh phé Ho Chi Minh di hé

trg cho nghién ciru nay.
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ABSTRACT:

This study investigates the design and implementation of an automated control system for a
laboratory-scale shell-and-tube heat exchanger. The primary objective was to stabilize the outlet
temperature of the hot stream by automatically regulating the cold-stream flow rate. The research
involved hardware modifications, including the integration of a DC flow pump and an upgraded
temperature measurement system using DS18B20 digital sensors. A control and monitoring interface
was developed using SerialCom Instrument software and connected to an Arduino Mega 2560
microcontroller. A proportional-integral-derivative (PID) feedback controller was designed and
optimized through the Ziegler-Nichols method, MATLAB Simulink simulations, and trial-and-error
experiments. The results demonstrate that the system operated stably, with the optimized PID
parameters enabling the outlet temperature to closely track the setpoint with a very low error of 0.12%.
The actual heat transfer efficiency reached approximately 65%, indicating the effectiveness of the
proposed automated control system.

Keywords: shell-and-tube heat exchanger, automatic control, PID control, Matlab Simulink,
Arduino.
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