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Toém tat - Trong day chuyén xeo gidy, do 4m cla gidy 1a chi tiéu
quan trong ctia chat lwong gidy, diéu khién dd 4m gidy do hé thdng
sAy dam nhan. Diéu khién gié budng sy d& dam bao d6 4m c6 ba
nhiém vu: Diéu khi&n gia nhiét va théi gié néng, didu khién nhiét do
diém swong va didu khién can bang gi6 vao - ra. Nhiét do diém
swong trong budng séy la dai lugng vat ly rét quan trong anh
hwéng l6n dén tbc do bay hoi cua gidy khi sdy. Nhiét do diém
swong cua khong khi trong budng séy dwoc tinh théng qua hai dai
lwgng dd &m twong dbi (%RH) va nhiét d6 trung binh cta khong
khi trong buong say. Noi dung bai bao phan tich, xay dung dong
hoc nhiét d6 diém swong va khao sat anh hwéng cla cac yéu td
t&i nhiét do diém swong trong budng say, tir do thiét ké hé didu
khién nhiét do diém swong.

Tir khéa - diém swong; d6 am; can bang gidé; dong hoc; budng say

1. Pit van dé

So db nguyén 1y diéu khién budng sy ddi luu gio dugc
trinh bay trén H1 [1], trong d6 c6 ba nhi€ém vu, cu thé:

- Diéu khién nhiét d6 gi6 nong, kho cép cho budng siy:
Gio l.'?iy tr ngoai troi luu lwong Wai duge gia nhié¢t mot
phan tir khong khi thai qua bd HRU (thu hdi nhiét), sau d6
gi6 dugc dua sang thiét bi trao doi nhiét gia nhiét bang hoi
bao hoa, didu khién nhiét do gio siy thong qua van didu
khlen luu lugng hoi. Gidé nong, khod dugc th01 vao hai mat
gidy bang voi phun. Pong hoc qué trinh sdy gio trong
budng sdy dugc nghién ctru trong [2];

- Piéu khién can bé'mg gi6 vao va gio ra, voi muc tiéu
dam bao gié nong chiém giir khoang khong gitra hai 16
(ving sdy) dé truyen nhiét cho mat gidy phuc vu qua trinh
bay hoi, nén cin diéu khién gio nong thdi vao buong sdy
phai cin bing v6i gié hit khi thai ra khoi budng siy gitt
cho khong co khong khi lanh tir ngoai hit vao ving siy.
Hé didu khién cin bang gié vao — ra duoc goi la diéu khién
Zero level, dugc nghién ciru trong [3];

- Diéu khién moéi truong sdy thong qua nhiét do diém
swong: Khi sdy gidy, nudc bay hoi vao khong khi, 1am cho
d6 4m khong khi tang, dan dén ting nhiét d6 diém swong.
Khi nhiét do diém suong tang cao thi kha nang bay hoi
nude tir gidy cang giam, néu nhiét do diém suwong gan voi
nhiét d¢ moi truong thi nude cd xu hucng ngung tuy.

Nhiét d6 diém swong trong buong sdy duoc giit n dinh
thap hon nhiét d6 moi truong sdy khoang 30 + 40 °C. Piéu
khién nhiét 6 diém suong thong qua diéu chinh luu lugng
gi6 ra W, (dung quat hut ID)

Noi dung bai bao s€ nghién ctru xay dung mé hinh dong

Abstract - In the line of paper PMs, the paper moisture is an
important indicator of the paper quality and the control of the paper
moisture is undertaken by the drying system. The control of the
drying section air to ensure moisture has three tasks: air heating
and blowing control, dew point temperature control and input-
output air balance control. Dew point temperature in the drying
section is the important physical quantity which has a great effect
on the evaporation rate of drying paper. Dew point temperature of
the air in the drying section is determined by two quantities:the
relative humidity (%RH) and the average temperature of the air in
the drying section. This paper analyzes and discusses the
dynamics of dew point temperature and investigates the effect of
elements on dew point temperature in order to design the control
system of dew point temperature.

Key words - dew point; moisture; air balance; dynamics; drying
section.

hoc qua trinh nhiét va do am tuwong ddi cua khong khi
budng sdy, tir d6 tinh ra nhiét 4o diém swong va thiét ké
diéu khién nhiét d6 diém swong, dong thoi khao sat anh
huong cua cac yéu td khac dén qué trinh.
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Hinh 1. So'd6 P&ID ciia budng sdy
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2. Noi dung chinh
2.1. Xdy dung mé hinh dong hoc cho nhiét dp diém swong
2.1.1. Khdi niém chung vé nhiét do diém swong

a. Piém swong va nhiét d9 diém swong

Diém suong (dew point) 1a diém khong khi tré nén bao
hoa, hay noi cach khac la diém chuyén trang thai cua hoi
nu6c sang trang thai long trong dieu kign ap suat khong khi
khong doi.

Nhiét do diém suong 14 nhiét 6 cua khong khi am dat
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du:gc khi 1am lanh dén khi kh(?ng thi bao h(‘)a.‘Nhiét do
diém suong phu thudc vao 2 yéu t6. Nhiét d bau kho va
d6 am c6 trong khong khi [4].

Nhiét do diém swong 1a mot yéu t6 dé danh gia kha ndng
chira thém hoi nude cua khéng khi &m. Nhi¢t d6 diém
suong gan vo6i nhiét do trong budng thi chénh 1éch ap suat
kha nang hat am cua khong khi cang thap. Trong van hanh
bubng sy gidy, can duy tri nhiét d6 diém suong ¢ mét nhiét
d6 trung binh trong budng khoang 60°C so véi nhiét do
trong budng 1a 75°C.

2.1.2. Tinh todn nhiét do diém suong
Nhiét 6 diém suong dugc tinh theo cong thure [4].
_ ba(T,RH)
¢ a—qa(T,RH)
(T, RH) = aT
b+

a=17.27
b=237.7

T4(°C): Nhiét d6 diém suong

T(°C): Nhiét d6 trung binh ciia khong khi trong budng sdy

RH(%): D6 4m twong ddi ctia khong khi trong budng sdy.

2.1)

+In(RH)

2.2. Xdy dung dpng hoc nhiét dp diém swong
Nhiét d6 diém swong duoc tinh theo cong thirc (2.1).
‘Tl'nh nhiét d¢ trung binh va d¢ 4m ciia khong khi trong
buong say, tir do ta tinh dugc nhiét d¢ diém suwong nhu sau:
2.2.1. Tinh todn bién thién nhiét dp khéng khi trong buong say
Trén Hinh 2 m6 ta budng §éy v6i céc 10 sdy, cac chan,
bang giay. Phuong trinh can bang cong suat nhiét dugc tinh
theo mé hinh Hinh 3.

— e -

Qpaper e -

loss > -

Hinh 3. Cén bdng cong sudt nhiét dé tinh nhiét dg trong buong sdy
Ta co:

Opuinng = Qg * Qg O ~Qrat ~Op ~ A, ~Qoss (2.2)

Trong d6: Qp cong suat do gidy tiéu thy; Qess cOng suat

nhiét that thoat; Qwaz cong suat do gié hiit dua ra; Qpx cONg
suét nhiét birc xa do 16 siy cap vao khong khi trong budng;
Qreit cong sudt nhiét do chan sdy truyén nhiét 1én khong khi
trong budng; Qwa cong sudt nhiét do gié néng cip vao;
Quwbh cong sudt nhiét do hoi nudc bay ra tir gidy; Qbudng CONY
suét nhiét tich liiy bén trong budng.

Qp» Qrelt, Qox, Quoss trong diéu kién lam viée 6n dinh rat
it khi thay d6i va anh huéng ciia n6 dén sy bién dong nhiét
d6 khong khi trong budng 1a khong dang ké. Qwbh, Qwaz,
Qwar 12 cac yéu té tham gia truc tiép, nén c6 anh hudng
manh dén su bién d6i nhiét d6 khong khi trong budng sy.

Tur nhan xét trén, khi xay dung dong hoc qua trinh nhiét
khong khi trong budng sy, ta bo qua anh hudng cua Qp,
Qrelt, Qbx, Qioss dén bién thién nhiét do khong khi trong
budng siy. Vi gia thiét trén mo hinh dong hoc cia bién
thién nhiét 6 budng sdy duoc mé ta nhu Hinh 4.

AQ, =MW.CT,

— AT

AQy =AW, C, Ty — 4 Buéng Séy

AQ, =AW, C(T+aT) >

Hinh 4. M0 hinh déng hoc bié:n thié:n nhiét o trung binh
trong buong say
Phuong trinh c4n bang ning luong tong quét trong budng

mc I —w, T, +W, C.T -, CT
dt

(23)

Trong do: m(kg) la khéi lugng khong khi co trong
budng; C la nhiét dung riéng ctia khong khi; Was (kg/s) luu
lugng khong khi néng thoi vao budng say; Waz(kg/s) la luu
luong khong khi hut ra khoi budng; Win(kg/s) 1a lugng
nugce boc hoi tir gidy; Cy 1a nhiét dung riéng cta hoi nude
bay hoi tir giay

Tuyén tinh hoa quanh diém lam viéc (2.3):

W, = Woyo + AW,

W,, =W, +AW,,

Wiy = Whno + AW,

T=T,+AT

Gia thiét bién thién khéi luong trong budng say da duoc
mach vong can bang gi6 di€u khién Zero Level dap ng
nhanh nén bién thién Am khong xet dén. Nhiét do khong
khi vao Ta dugc dicu khién On dinh, nhiét do nudc trong
khodng khi T, gan nhu khong doi.

m.c.dditT = AW,,CT, +AW,, C, T, —AW,,CT, 2.4)

~Wa,, CAT '

Bién d6i ta thu duoc:
k(rs+1)AT = AW, CT,, +AW,, C, T,—AW,,CT,
m

(2.5)

Trong d6: ;= . k=W, C

a20
Mo hinh d’(f)ng hoc cua bién thién nhiét do trung binh
trong budng say dugc thé hién nhu Hinh 5.
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* 1 AT

AW, CT, > =
a2 ° @% k(rs+1)
C.T,
AW,

Hinh 5. M6 hinh déng hoc bié'n thién nhiét d¢ trung binh
trong buong say
2.2.2. Béng hoc qud trinh dg am tuwong doi khéng khi trong
buong say
Ttr phuong trinh can bang khdi lwgng nude trong khong
khi ctia budng sdy, ta co:

dSH

m. = = Wi 0,001+ Wy, ~We; SH (2.6)

Trong do: SH 1a d¢ 4 am ty 1¢ ctia khong khi trong bqéng
(kg/kg), 0,001 1a do am ty 1€ khong khi nong thoi vao budng.
Vi gia thiét nhu 2.2.1, tuyén tinh hoa quanh diém lam
viéc va bién dbi phuong trmh (2.6) ta duoc phuong trinh
dong hoc bién thién do am ty 1é khong khi trong budng ASH:

2.2.3. Tinh todn dé am twong doi trong buong say
Do 4m tuong d6i RH cta khong khi trong budng 1a ti
) gitr ap sudt riéng phan hoi nuéc cua khong khi trong
budng véi ap sudt riéng phan hoi nudce tai diém béo hoa ¢
cung mot nhiét d6 xac dinh. Cong thirc tinh d6 4m twong
d6i nhu sau:
16078* P, *SH
¥ 1+0.678* H

77.345+0.0057* (T +273)~ 7235

T+273

(2.9)

p
s’“ (T +273)*

P
%RH =100 %

Trong d6: Prare=101325 Pa l1a ap suat khi quyén;

Pw Ap suét riéng phan ctia nuéc;

Psw Ap suit riéng phan ctia nuée khi khong khi bao hoa
tai nhiét @6 xac dinh;

T 1a nhiét d6 cua khong khi trong budng tinh bang °C;

SH 14 d6 4m ti 1& cua khong khi trong budng say (kg/kg);

%RH la d6 4m twong ddi ctia khong khi trong budng (%).
2.3. M6 hinh tinh toan bién thién nhiét dp diém swong

Nhiét do diérq suong tinh toan tr cong thue (2.1) va
cong thic (2.9) két hgp véi phuong trinh bién thién nhiét

m.dA% = AW,,.0,001+ AW, ~AW,, SHo ~W,p0A8H  (2.7)  d0, bién thién do Am, gia thiét phan 2.1 va 2.2, ta xdy dung
Y i dugc mo hinh tinh bién thién nhiét do diém swong trén
Bién doi (2.7) ta co: Hinh 7
K, (2,5 +1).ASH = AW,;.0,001+ AW,,,.1— AW, ,.SH, (2.8) AT
Voii, =M . _w
n ’ n
a20 > T' , n ATd
AW 1Anh' ann nhiét
Lal d6 diém suong
0.001 ASH ——
B 1 ASH Hinh 7. Tinh todn bién thién nhiét d diém suwong
AW, —» &, A » k (r.5+1) " 2.4. Xdy dwng mach vong diéu khién nhigt dj diém swong
Két hop 3 mo hinh Hinh 5, Hinh 6, Hinh 7, ta xay dung
1 mach vong nhiét d6 diém suong trén Hinh 9, trong do:
T Bién tac dong: AW,
Bién cin diéu khién: ATg;
AW, Nhiéu chinh 1& AWpn va AWa;
Hinh 6. M6 hinh déng hoc dg dm ti I¢ Co céu chdp hanh la quat hut Gen
cua khong khi trong buong say
AW, .
»| Nhict d budng 2T
AW B Lol . n ATy
AT + @ | a Tinh toan nhiét .
d-sp - PID Gon o _ | d6 diém swong
: D6 4m trong
"] budng AsH
AW,

Hinh 8. Cdu triic diéu khién nhiét do diém swong budng sdy
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2.4.1. So @6 mé phong diéu khién nhiét @6 diém swong trén Matlab Simulink

N
i =
7 9

Wa1*

Gain2

Y
Step PID Controler  Transfer Fend  Transport Gain
Delay1

Step3

' X
SH

PP Transport
4 Pwmp Doy
caldewpoin|
temp &”
vip
MATLAB Functiond

K
Gaing

Scoped

2.4.2. M6 phong

Théng s6 mé phong:

SH,=0.15kg/ kg
W, =4.75(kg/ s)

T,=75°C

m =120(kg)

C =1005(J / kg.(°C +273))

C, =1872(J/kg.(°C +273))

T, =60°C

T =75°C

T, =110°C

W,,, =3,25kg/ s

W, =1.5kg/ s

M0 phong hé thong kin

- Xac dinh tham $6 PID theo toolbox cuia matlab, ta
nhéan dugc dap ung nhu Hinh 11.

- Ta khao sat su thay d6i cac dai lugng vat 1y trong
bu6~ng khi thay d6i diém dat ATy va xét anh hudng cua
nhiéu AWz va AWy
2.4.3. Két qua mé phong

a. Pap ung theo lwong dit nhi¢t d diém swong

~ Trén Hinh 11 biéu dién cac dap ang, cu thé: Khi thay
doi luong dat ATd, ta c6 cac dai lugng vat ly trong hé bién
doi theo dang do thi trén Hinh 11. Trong d6: D6 thi 1 1a
thay d6i luong dat nhiét d6 diém suong (%), ddthi21a dap

ung cia luu luong gio hit We, dd thi 3 tuong mg bién
thién ctia d6 am va db thi 4 1a nhiét 4 trong budng.

Nhdn xét:

Khi tang lugng dat cta I}hiét do d~iém suong, do kha
nang bay hoi cua nudce tir gidy giam dan dén nhiét do bén
trong budng sdy giam theo, va nguoc lai.

Khi giam lwong dat cho nhiét do diém suong, Quat Waz

tang cong suat dé dua nhiéu hoi nudc ra bén ngoai, do am
ctia khong khi trong budng giam xudng va nguoc lai.

Dap tmg phtt hop vdi thyuc té van hanh trong nha may.

g o | ‘
[ S
20 . I L L L I L
200 300 400 500 600 700 800 900 1000 1100 1200
time(s)
50 T T ~ T

L L L
200 300 400 500 600 700 800 900 1000 1100 1200

time(s)
100 T
—~ -
IS - N
T s0- S~ B
4 _
R®
0 L . 1 I L L
200 300 400 500 600 700 800 200 1000 1100 1200
time(s)
80 r T ; T —
T 75- — — 4
g s “*-\_7_‘_7_7 P
S 10 —7_,__7_7_7_/_\7/ -
65 L . L L . . L
200 300 400 500 600 700 800 900 1000 1100 1200
time(s)

Hinh 11. D6 thi dép iing véi thay déi lwong ddt
b. Pap tng v6i nhiéu AWa1 va A Won.

Ta khao sat dap ung cua cac nhiéu AWa, AWy nhu
Hinh 12.
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Hinh 12. D6 thi dép irng véi nhiéu AWa1 va AW
D6 thi 1 1a nhiét do diém swong tinh don vi %;
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D) thi 2 12 AWq(%);

D6 thi 3 1a AWsh (%) (Tac dong vao thoi diém t=200);

Do thi 4 12 AWy (%) (Téac dong vao thoi diém t=600);

Db thi 5 1a %RH;

Do thi 6 1a T (°C).

Nhan xét.

~ Khi giam W1 xudng thi nhiét do trong budng gidm dén

dén d6 4m tuong doi cua khong khi trong budng tang lén
theo, nén nhiét d6 diém swong trong buodng thay doi rat it.

Khi tang Whh, do 4m trong budng (dé thi 5) tang lén,
nhiét d6 diém suwong cling tang theo. D& dam bao can bang
khi vao - ra trong budng sy, bo dicu khién tic dong Wa
tang Ién lam tang nhiét do trong budng.Bg diéu khién tac
dong We tang lén 1am giam d6 am khong khi trong budng,
do d6 nhiét do diém suwong cling giam theo.
3. Két luan

-Bai bao dé‘ xay ,dl_rng, dugc dong hoc nhiét do diém
suong trong budng say giay.

-Xét anh hudng cia luu lugng nudce bay hoi, luu lugng
gi6 néng thoi vao budng va nhiét do trong budng sdy, toi
nhiét 46 diém suong.

- Thiét 1ap céu trac diéu khién va mé phong diéu khién
qua trinh nhiét d6 diém swong, dap tmg thu dwoc phi hop
v6i thuc té van hanh tai nha may.
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