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MO PHONG HE THONG LANH BAO QUAN THUC PHAM
TREN SIMSCAPE CUA MATLAB & SIMULINK

Duong Chinh Cuong"’, Nguyén Pirc Trung?
Y Triong Pai hoc Cong nghé Thong tin va Truyén thong — BH Thdi Nguyén,
%Pai hoc Bach khoa Ha Ngi

TOM TAT

H¢ thdng lanh dugc mg dung rong rii trong nhiéu linh vuc véi quy mo khac nhau. Déi voi hé
théng dan dung ciing nhu cong nghiép, ing dung ndi bat cia hé théng lanh chinh 1a thuc hién
nhiém vu bao quan thyc pham. Nham t6i wu hoat dong hé thong, nhiém vu tinh toan va phan tich
su bién thién theo thoi gian thong s trang thai ctia cac phan tir cdn bao dam sy chinh xéac cao. St
dung ngon ngit twa BondGraph, hoat dong ctia hé théng lanh bao quan thuc pham dugc mo phong
thong qua bo cong cu Simscape cua gbi phan mém Matlab & Simulink. Cac diém lam viéc cta
ting phan tir thay ddi theo thoi gian dugc biéu dién mot cach lién tuc trén nén do thi logp-i, von rat
quen thudc voi cac k¥ su nhiét.

Tir khéa: Bdo quan thuc pham, Simscape, chu trinh lgnh, mé phong, do thi logp-i

Ngay nhdn bai: 02/01/2019; Ngay hoedn thién: 20/02/2019; Ngay duyét diang: 28/02/2019

SIMULATION THE FOOD COLD STORAGE
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ABSTRACT

Refrigeration system is widely used in multi domain under different scales. For household and
industrial system, the typical application of refrigeration system is food preservation. In order to
optimize system performance, it is necessary to compute and analyze exactly the time — variance
of state variable of elements. Using pseudo — BondGraph language, the operation of refrigeration
system for food preservation is simulated via Simscape toolbox of Matlab & Simulink. The
variation due to time of operational point of each element is described continously in logp-i
diagram which is very acquainted with thermal engineers.
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GIOI THIEU

Mot chu trinh lanh bao gdm cac thiét bi chinh
sau: dan bay hoi (con goi la dan lanh), may
nén, dan ngung tu (con goi la dan nong) va
van tiét lvu nbi v6i nhau thanh mot vong kin
goi la chu trinh lanh duwgc mo ta trén Hinh 1
dudi day.
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Entanpi (i)
Hinh 1. Cdc phan tir co ban va do thi Log p — i
cua mot chu trinh lanh
Mot ludng chét luu d& bay hoi (luu chit van
dong hay moi chit lanh) dugc luan chuyén
trong chu trinh lanh véi nhiém vu vén chuyén
nhiét lwong tir moi trudng tiép nhan ra moi
truong bén ngoai dé muc dich ha nhiét do cua
mdi trudng bén ngoai xubng nhiét do theo
yéu cau [1]. Viéc diéu chinh ning suat lanh
tuong ung véi cong sudt may nén theo
nguyén tic vo cip thong qua bién tin hoic
don gian hon véi nguyén Iy ON/OFF nhim
bao dam 6n dinh nhiét do trong mot dai cho
phép do tinh chit quan tinh nhiét nhu trong
Hinh 2 mdé ta hé théng lanh dbi voi mot
phong bao quan thuc phim. O cic hé théng
nhiét nho, tich hgp dau do va co cu dicu
khién trén mot thiét bi tao ra cac ro le nhiét di
kém hé thdng mao dan chira hoi ¢ dic tinh
4p — nhiét voi d6 nhay cao nhdm thuc hién

nguyén tic chuyén ddi dong thoi gitra cac qua
trinh: nhiét hoc — co hoc — dién tir [2]. Nhiét
dd dat cho phong bao quan duogc diéu chinh
cu thé ddi véi timg loai thyc pham khac nhau.
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Hinh 2. So do diéu khién mgt hé thong lanh theo

nguyeén téac don gian

Déi tugng nghién ctru c6 dic tinh phi tuyén
va da bién [3], [4], [5] dugc mo hinh trén
ngoén nglr gia 1ap Bond Graph va md phong
trén Simscape ctia Matlab & Simulink [6], [7],
[8], [9], [10] véi két qua biéu dién trén dd thi
logp-i gitip cho khéng chi k¥ su diéu khién danh
gia duoc tinh chit bién thién dong theo thoi
gian cila timg phan tir trong hé théng ma con
cho phép cac k¥ su nhiét danh gia va hi€u chinh
nang cao hiéu suét hoat dong cta hé théng.

MO TA TOAN HOC CHU TRINH LANH

Dbi v6i chu trinh lanh ¢6 md hinh toan hoc
chi tiét rat phuc tap [3, 4, 5]. Nghién ctru s&
tom luoc mot sb phuong trinh chinh. Mo ta
toan hoc cua dan ngung tu va bay hoi c6 dang
tuong tu nhau. Véi cac thong sb cua dan
ngung tu (con: condensator): h (400 W/mK),
6 (10 mm), d (15 mm) va 1 (15000 mm) dac
trung cho hé s6 dan nhiét, d6 day, duong kinh
va chiéu dai cta dan; nhiét lugng Qcon do MO
chat bi ngung tu chuyén qua ra méi truong
khong khi 1am thay ddi nhiét d6 vao va nhiét
d6 ra khoi dan ngung cua khong khi theo (1)
va (4):

Qcon :mconCcon( 23" Tcon m)

hCOFI ACOH( con_out ~Tcon m) @
B dcon
Meon =VeonPcon = Aconcondconeon )
Acon =Hdeonleon ©)
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Thiét dién bé mdt din nhiét Agn va khdi
luwgng mgon, lan luot dugce tinh toan qua (2) va
(3). Qua trinh dang ap, dang nhiét dién ra &
dan ngung véi nhiét do T,z c6 hién tugng
ngung tu ctia moi chat khién cho nhiét d6 moi
truong bi tang 1én (Tcon_ou>Tcon in), ngUoC lai
v6i qua trinh bay hoi ding ap, dang nhiét
(T14) & dan bay hoi dugc dit tiép xuc véi moi
truong can duoc lam lanh. Qué trinh trao ddi
nhiét dugc mo ta cu thé hon trong phuong
trinh (4) voi ddc trung hé s trao doi nhiét dbi
Iru phu thude vao ché do ciia dong chay bén
trong dng duoc xac dinh qua cac chuan sd Re,
Nu, Pr két hop voi twong quan Halland véi
chi tiét trong [5], [11], [12].

Chu trinh lanh tuan hoan kin méi chat lanh ¢
hai cap (ngung tu hoi — bay hoi léng; nén hoi
— tiét luu long) hién twong vat ly dién ra
ngugc nhau tai cac cum phﬁn t¢ khac nhau
dugc két ndi bang hé thong duong 6ng co yéu
cau bao 6n dic biét tai cac doan 6ng két ndi
véi dan bay hoi hay con dugc goi 1a dan lanh
(ddt phia trong méi truong can lam lanh).
Viéc khdi dong hay dung may nén thuong
dua trén sy so sanh cua tin hiéu nhiét do
mong mudn ctia moi truong voi nhiét do thuc
té ciia moi truong.

MO té toan hoc co ban cua may nén voi cong
nén W dua ap sudt cia khéi lugng hoi G tir Py
1&n P, dugc thé hién qua phuong trinh sau day:

=G (u2+p2v2+T—)-(u1+p1v1+ 2—)

Phuong trinh trén dya trén dinh luat bao toan
ning luong véi cong nén tuong ing véi phan
tong nang luong tang thém. Tong ning lugng
(E) ciia dong hoi duoc xac dinh bang tong
entanpi (I: dugc xac dinh bang tong ndi ning
u va phan ning luong pv dugc tao ra do ap
suét p trong mot thé tich v) va dong ning (K).
Qua trinh nén hoi thuc hién theo nguyén tic
doan nhiét (dang entropi: S,=S;). Pic trung
cho viéc tinh toan may nén dwa vao ti sb nén
(K= P3/P41) yéu ciu phu thudc vao chinh gia
tri nhiét d0 mong mudbn ciua moi truong can
lanh. Viéc 1am lanh siu doi hoi nhidu cap nén
hon. Tuy theo méi chat lanh ma giéi han ty sé
nén dbi véi mot cap nén duoc xac dinh. Dbi
v6i moi chat lanh R22 trong nghién ciru nay,
ti s t6i han dugc x4c dinh 1a 8.

Nguoc lai véi qua trinh nén hoi 1a qua trinh
tiét luu Iong thyuc hién tai van tiét luu 1a qua
trinh ha ap suit dang entanpi (khong thuc
hién sy trao d6i nhiét véi moi truong: I,=1s).
Vé mat 1y thuyét, van tiét luu duoc bao 6n
tuyét ddi. Tuy nhién véi cac thiét bi lanh cong
sudt nho, van tiét luu thudng duoc thay bang
dng mao din c6 duong kinh nho, dong thoi
viéc bao 6n khong nhat thiét bit budc phai
thuc hién qua nghi€m ngat. Trong trang thai
hoat dong xac 1ap ctia hé théng, van tiét luu ha
4p sut cia dong moi chit lanh & trang thai
long tir Py vé Py4y; trang thai cia moi chit lanh
tai céc diém 1, diém 2, diém 3 va diém 4 lan
lugt ¢ hoi bao hoa kho, hoi qua nhiét; 1ong va
hoi bdo hoa 4m nhur thé hién trénHinh 1.

Mo ta trwong hop mé phéong: bao quan tao
trong kho lanh ciia siéu thi

Sau thu hoach, tdo thuong dugc bao quan
trong kho lanh dé trudc khi dua ra ban tai siéu
thi. Nhiét d6 bao quan tdi thiéu 1a 10°C.
Trong nghién ctru nay, mé phdng thuc hién
v6i diéu kién bao quan & 4°C cho kho chua
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250 kg tdo co kich thudc (m): 2x3x2. Viée
trao d6i nhiét voi méi trudng can 1am lanh
duoc hd trg bai quat gié & van tde gi6 1a 0,2
m/s. Kho lanh dugc bao 6n bang bong thuy
tinh ¢6 d¢ day 100 mm v¢i lop bao ngoai la
tuong gach day 120mm, 16p bao trong khoang
lanh 13 Inox 304 (bao dam hop chuan an toan vé
sinh thyc phdm) c6 d6 day 2 mm. Mbi chat lanh
R22 dugc sir dung trong nghién ciru ¢6 thong s6
chi tiét [12] dugc dwa vao chuong trinh md
phong trén Simscape dudi dang bang.

MO PHONG VA TINH TOAN

Go6i cong cu Simscape cuia Matlab &
Simulink [6,7,8] dugc phat trién dya trén viéc
mo ta thiét bi, phan tir trong cac hé thong
thong qua ngdén nglt tya BondGraph.
Simscape dugc phan chia than cac goéi tién ich
nhdé phuc vu mé phong trong cac linh vuc
khac nhau nhu: k¥ thuat dién — dién tu, ky
thuat thuy luc, k¥ thuat khi nén, k¥ thuat nhiét
cling nhu cac qua trinh lai ddi v6i cac hé
thng phirc tap. Véan dung cac phan tir ¢6 sin
thong qua cai dat cac tham sd cho phép két
nbi gitta cac thiét bi, cac chwong trinh mo
phong duge thyc hién véi ciu trac module
nhu Hinh 3 duéi day:

. of: Mbi chat: hoi, dp cao
khoi mdy nén
B Duy i tbe dg
I:@ domg chay
Cim bita do &p

suit hoi méi chit
wiyenl IS
Cam bien do toe
2
Méi chit: hoi, dp thip

Hinh 3. Qud trinh nén méi chdt trong mdy nén

Ap suit vaolra may nén (MPa)
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caodp N
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A .
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:
= | | Cam bién donfing hrong
vi déng modi chit
Cam bién do dp suit, ;
e

ning lwgng méi chit sau
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khi ra khoi van tiét lru thip ap

Hinh 4. Qua trinh bién doi dp sudt tai van tiét heu

B )

Cim bién do ohist 89 || Nhiét d9 KK san
KK ¢ trong phong khi trao doi nhidt

ﬁ KK dbi hru trong
= din bay hoi

Hinh 5. Qud trinh trao déi nhiét cdp lanh cho
phong qua dan bay hoi

X ) Moi chit: Love,
A i (208 cao dp

Ong déng din
ngmg ty

Hinh 6. Qud trinh trao déi nhiét véi méi trieong
(lam mat dan ngung tu)
Két qua md phong duoc biéu didn qua tir
Hinh 7 d&n Hinh 10 dué6i day cho cac diém
lam viéc trén chu trinh lanh & céac thoi diém
dac trung khac nhau tuong tng voi giai doan
khéi dong hé thdng (chu trinh lanh c6 moi
chét déng nhat tai cac vi tri), bat may nén va
tit may nén. Hé thong bao quan lanh hoat
dong véi nhiét do dat: 4°C va nhiét do moi
truong bén ngoai khoang bao quan: 25°C.
Dung sai didu khién 1a  2°C.

ELu’u Iworng mdi chit lanh (g/s)
==k Qua may nén
Qua van

(s} 1000 2000 3000

Bglohlét dd khdng khi tai dan bay hovi

280 [

260
Vao

— — —Phong

240
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Hinh 7. Su bién thién thong 56 trang thai hé théng va hoat dong cia thiét bi
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Hinh 10. Nhiét dé ddt (4°C tuwong vmg 277K) va
nhiét do thuc cua phong

Céc hinh trén thé hién két qua mo phong ciia
hé théng bao quan lanh hoat dong véi nhiét
do dat 4°C va nhiét do moi truong bén ngoai
khoang bao quan 25°C. Pic tinh diéu khién
kiéu on/off tao ra chu ky dao dong nhiét do
thuc cua khoang bao quan 1a 1065 (s). Tinh
chat chu ky thé hién khong chi ¢ trén Hinh 10
véi dap ung ctia nhi€t do0 moéi truong bao
quan ma con thé hién ¢ trong hoat dong cia
chu trinh lanh cua toan b hé théng véi biéu
din thong qua db thi logp-i tai cac thoi diém
t=291s va t=1395s ung véi Hinh 9.a va Hinh
9.b. Trang thai 4 diém hoat dong cua 4 phan
tr chinh trong chu trinh lanh duoc biéu dién
tai cac vi tri co toa do gén giéng nhau.
Trén Hinh 8, cac trang thai ctua 4 diém hoat
dong cua 4 ph?m tir chinh duoc biéu hién c6 vi
tri rat gan nhau ¢ thoi diém ngay sau khi khai
dong hé thong thé hién sy thay doi trang thai
¢6 quan tinh ctia mdi chat lanh trong dudng
dng (vin dang ¢ trang thai bdo hoa am). Su
bién d6i dién ra ¢ trang thai hoat dong 6n
dinh c6 tinh chu ky. Trong mdi chu ky, tinh
chét bién thién qué do trang thai hoi moi chét
lanh lién tuc dién ra. Hinh 8 ciing nhu Hinh
9.a va Hinh 9.b ¢6 tinh chat md ta dién tién
qua trinh, théng sé cu thé cac phan tir dugc
thé hién & Hinh 7.
KET LUAN
Mo phong dong luc hoc hé théng bao quan
lanh thue phém dugc thuc hién trong nghién
ctru cho phép xac dinh chinh xac nhiét d6 moi
truong bao quan, trang thai va ché d6 hoat

dong cua timg phan tir trong chu trinh lanh
(méay nén, dan ngung ty, dan bay hoi, van tiét
luu). Nghién cou da thuc hién viéc chuyén
trang thai dong hoc cua 4 diém lam viéc trén
d6 thi logp — i cho 4 phan tir ké trén trong 50h
lam viéc lién tuc tinh tir khi dua tai can lam
lanh: 250 kg tdo vao trong phong lanh c6 kich
thuée 12 m®. Tinh lap lai cta trang thai hé
théng duoc thé hién 1o tuy theo dac tinh hoat
dong ctia may nén duoc chi ra cu thé thong
qua cac biéu dién trén dd thi logp — i ciing
nhu trén gian d6 thoi gian thong sb luu luong
hoi ciia méi chét lanh, ty s6 nén, ap suit vao
va ra may nén hay hé sd trang thai (ty s6 hoi)
ctia méi chit lanh.

Véi két qua md phong trén, viéc thiét ké hé
thdng duoc bao dam do chinh xac cao hon.
Hon thé nita, mé phong dong hoc con cho
phép dénh gia chat luong cua thuc phdm bao
quan theo thoi gian tir d6 ¢ thé wéc luong
duoc thoi gian bao quan tdi da trong hé thong,
dong thoi cho phép danh gia ning lugng tiéu
hao trong qua trinh bao quan véi cac phu tai
chinh (may nén va quat thong gio).
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