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LOI CAM POAN

To61 cam doan day la cong trinh nghién ctru cua toi.

Céc s0 lidu, két qua néu trong luan an 13 trung thyc va chua timg duoc ai cong
bd trong bt ky coéng trinh nao khac.

Néu sai t6i s& chiu moi hinh thirc ky luat theo quy dinh.

Nghién ctru sinh

Pham Van Toan
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- Dé tai: Nghién ctu k§y thuat sdy muc dng
- Tac gia: Pham Vian Toan
- Chuyén nganh: K5 thuat co khi M4 sé: 9.52.01.03

Muc tiéu ctia luan an 14 nghién ctru anh hudng cia bic xa hong ngoai dén qua
trinh sdy ciing nhu chét luong cia muc 6ng khi sdy bang phuong phap siy bom nhiét
két hop blrc xa hong ngoai, thong qua viéc xay dung mo hinh toan dé mo phong
truyén nhiét truyén am va thuc nghi¢m xac dinh ché do séy cho muc 6ng.

Dé giai quyét myc tidu nghién ciru ciia luan an di ké thira cac két qua nghién
ctru 1y thuyét clia cac tac gia trong linh vire truyén nhiét truyén am vé sdy muc va cic
vat liéu nhay nhiét khac; ing dung 1y thuyét toan hoc, vat ly dé xay dung mo hinh vat
Iy, toan hoc mo ta ban chat truyén nhiét truyén am trong vat liéu am; tng dung phuong
phap sai phan hitu han dé giai va tim nghiém ctia mé hinh toan truyén nhiét truyén
am, st dung phuong phap thuc nghiém dé xac dinh cac thong s6 nhiét vat 1y cia muc
ong va kiém ching 1y thuyét.

Két qua nghién ctru cua ludn an da thuc hién duoc cac ndi dung cu thé nhu sau:

Béng thyc nghiém xéac dinh dugc cac thong s6 nhiét vat 1y cia myc 6ng o Viét
Nam phuy thudc theo d6 am cia vat liéu sdy, cac théng s6 nay gdom:

- Nhiét dung riéng ctia muc ong;

C, =3,113+0,006.0 (R? = 0,968)

- Khoi lugng riéng cua muc Ong;

p, = 2059 — 71[ﬁj —736exp [o, 247 2] (R? = 0,976)
Wy @y

- D06 am céan bang ctia muyc ong;
W, = [eXp(—l, 383— 0’ 029T )]1/1,267 (_ In ¢)—]J1,267

- H¢ s0 khuéch tan am;

Dm(T)=2,521_1osexp{_ 42810,909 }

8,314.(T +273,15)



- Théng sb nhiét 4n hoa hoi cua muc éng.

h
hi =1+0,5549exp(-2,3115- o)

fgo

Lua chon dugc phuong phép siy muc 6ng bang thiét bj sdy bom nhiét két hop
btrc xa hong ngoai. Xay dung dugc mé hinh toan biéu dién qua trinh truyén nhiét
truyén am trong qua trinh sdy muc 6ng bang phuong phap siy bom nhiét két hop birc
Xa héng ngoai co xét dén anh huong cua do am dén hién tuong dan nhiét.

Hé phuong trinh truyén nhiét truyén 4m duoc giai dong thoi bang phuong phap
sai phan hiru han. Két qua thuc nghiém cho thﬁy phan bd nhiét do, @6 chira am, toc
d6 say duoc tinh tir mé hinh toan xay dung c6 bién dang va xu hudng phu hop vai
dién bién thuc té khi tién hanh thuc nghiém, sai s6 vé do chira am trung binh l6n nhét
khi siy bang phuwong phap bom nhiét két hop birc xa hong ngoai 1a 12,3%.

Bing phuong phap quy hoach thuc nghiém di xac dinh dwoc mé hinh hoi qui
biéu dién su phu thudc gitra thoi gian séy, ham luong NH3 va ing suét cit véi nhiét
d6, van tdc va cong suat ngudn phat hong ngoai.

Xac dinh duoc cac thong sé cong nghé phu hop cho qua trinh siy nham dam
bao chat luong véi cac gia tri cu thé nhu: Nhiét do Ta = 46,5°C, van toc v = 1,1 m/s

va cong suat hong ngoai P = 528 W.



SUMMARY

- Doctoral dissertation title: Study on squid drying technique
- PhD Student: Pham Van Toan
- Major: Mechanical Engineering Code no.: 9.52.01.03
The aim of this dissertation is to study the effect of infrared radiation on the
drying process as well as the quality of squid by heat pump drying method combined
with infrared radiation; thereby developing a mathematical model to simulate
moisture and heat transfer and determining experimentally the drying mode for squid.
By inheriting results from researches in the field of heat and mass transfer on
drying squid and other heat sensitive materials and applying mathematical and
physical theories, a mathematical model describing the heat and mass transfer in the
squid during drying process has been developed. The finite difference method and
the invertible matrix theorem were then employed to solve the heat and mass transfer
equations of the model. Additionally, a set of experiments has been conducted to
determine thermo-physical properties of the squid and to verify the numerical results.
The main results are as follows:
The thermo-physical properties of the squid in Vietnam has been determined

and expressed as functions of moisture content of the squid and that of environment.

- Specific heat: C, =3,113+0,006.0 (R? = 0,968)

Wy Wy

- Density: p, = 2059 - 71{2j ~736 exp[O, 247 2} (R? = 0,976)

- Equilibrium moisture content: @, =[exp(~1,383-0,029.T)]"** (~In¢g) ****'

- Effective diffusivity: p_(T)=2,521.10"° exp{— 42810,909 }

8,314.(T +273,15)

- Specific latent heat of vaporization: Ny =1+0,5549exp(—2,3115.0)

fgo
Infrared assisted heat pump drying has been found to be suitable for dying the

squid and a mathematical model describing the heat and mass transfer in the material



during the drying process considering the influence of moisture transfer on heat
transfer has been developed and numerically solved.

Experimental results of temperature distribution inside the squid, moisture
content of the squid and drying rate has been consistent with those of the numerical
results. The maximum error of average moisture content between the results was
12.3%.

Using the experimental design method, a regression model represented the
dependence of output parameters such as drying time, NHs content, and shear stress
on input parameters like drying temperature, air velocity, and infrared emission
power has been built. Furthermore, a suitable drying mode ensuring the product
quality and economic efficiency has been determined with a set of parameter values
such as drying temperature Ta = 46,5°C, air velocity v = 1,1 m/s, and infrared

emission power P =528 W.
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a Do hap thu
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Co Téc d6 anh sang km/s
Cow Nhiét dung riéng ctia mau nudc kJ/(kgK)
Ca Nhiét dung riéng caa khong khi am JI(kgK)
D Khoang cach tir VLS dén ngudn phat hong ngoai m
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budng say
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muc
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MO DAU
1. Pt van dé
V6i chiéu dai bo bién hon 3200 km, Viét Nam 14 nudc c6 ngudn thily hai san
phong phi. Trong d6, muc dng 13 loai hai san c6 san luong 16n va gia tri xuit khau
cao. Theo s6 lidu diéu tra ctia Vién nghién ctru Hai san (2014), Viét Nam c6 khoang
25 loai myc 6ng khac nhau, v6i san lugng danh bat hang nam khoang 24000 tan. Muc
kho 1a loai hai san dugc wa thich ¢ Viét Nam va mot sé nuée Chau A nho huong vi
thom ngon va giau chét dinh dudng. Hién nay, muc kho 1a mot trong nhitng mit hang
xuat khau quan trong sang Han Qudc, Nhat Ban, ASEAN cua nganh thuy san Viét
Nam.
Dé c6 san phém muc kho, nguoi ta lam giam d6 am cua muec tir d6 am ban dau
80% xudng d6 am khoang 25% (TCVN, 2014). Hién nay, phoi ning 13 phuong phap
1am kho muc pho bién nhat ¢ Viét Nam vi chi phi dau tu thap va khong doi héi trinh
d6 k¥ thuat. Tuy nhién, phuong phap nay lai phy thudc vao thoi tiét va khong dam
bao vé sinh an toan thyc pham (Jain, 2007). Phuong phép sy khong khi néng ciing
da duoc st dung rong rii dé khic phuc nhuge diém ciia phuong phap phoi ning, tuy
nhién nhuwoc diém cia phuong phap nay 13 do nhiét d6 tac nhan siy cao nén khong
giit dugc cac chat dinh dudng trong muc din dén lam giam chat lwong san pham.
Theo céc két qua nghién ctru vé sdy muc (Deng va ctv, 2014; Wang, 2014; Chen,
2013), nhiét 46 dé siy muc thuong khong vuot qua 60°C. Khi nhiét do siy cao hon
60°C, cac chat dinh dudng co trong muc s& bi phan hiy manh trong qué trinh say.
Cung v6i su phat trién ctia cong nghé, nhiéu phuong phap siy c6 vu diém tét dé siy
san phdm ¢ muc nhiét d6 thap hon 60°C nhu siy bom nhiét, siy chan khong, sdy
thing hoa, hodc siy két hop mot vai phuwong phap véi nhau, ... Trong cac phuong phap
trén thi phuong phap say bom nhiét rat thich hop dé siy san pham muc 6ng do gia
thanh may phu hop, chi phi sdy thdp va dam bao dugc chit lvong ctia muc sau khi
sdy nhu gitt dugc ham luong chat dinh dudng, mau sic, mui vi ctia san pham

(Mujumdar, 2014). Tuy nhién co ché sdy bom nhiét 1a trao doi nhiét voi VLS theo



phuong thtre truyén nhiét ddi luu, do d6 hiéu qua truyén nhiét con thap, dic biét 1a
d6i v&i VLS 6 hé s trao doi nhiét thap. Vi vay dé khic phuc nhugc diém nay, cac
may sdy bom nhiét thuong duoc trang bi thém céc thiét bi hd tro gia nhiét nhu dung
song hdng ngoai, sdng vi song.

D3 c6 mot sb tac gia tién hanh nghién ciru vé siy muc str dung phuong phap sy
bom nhiét ciing nhu sdy bom nhiét két hop v6i song hong ngoai (Chen va ctv, 2013;
Deng va ctv, 2013; Nathakaranakule va ctv, 2010). Tuy nhién cho dén nay céc tac gia
chi chu yéu tap trung vao nghién ctru thuc nghiém, chua c6 cong trinh nao tién hanh
nghién ctru 1y thuyét, xay dyng mo hinh todn dé mé phong truyén nhiét va truyén am
trong qua trinh sdy muc bang phwong phap siy bom nhiét két hop hong ngoai. Viéc
nghién ciru xay dung va giai thanh cong mé hinh toan md phong qué trinh sdy muc
bang phuong phap siy bom nhiét két hop hong ngoai s& gop phan 1am rd ban chat
ctia hién tuong trao doi nhiét - am trong qua trinh say. Két qua d6 s& giup du doan
duoc toe do séy, phan bd nhiét dd va do Am cua vat liéu trong subt qua trinh séy. Voi
muc tiéu xay dyng mo hinh 1y thuyét nham moé phong QTS muc tir d6 tim ra ché do
sdy hop 1y dé giam thoi gian, chi phi trong toan bd QTS va nang cao chit luong san
pham sau khi sdy chung t6i tién hanh thyuc hién dé tai “Nghién ctru k¥ thuat sdy muc
ong”.
2. Muc tiéu caa dé tai

Nghién ctru anh hudng cia birc xa hong ngoai dén qua trinh say ciing nhu chat
luong ctia muc dng khi sdy bang phuong phap sdy bom nhiét két hop birc xa hong
ngoai, thong qua viéc xay dung mo hinh toan dé moé phong truyén nhiét truyén am va
thuc nghi¢m xac dinh ché do séy cho muc 6ng.
3. Ngi dung nghién ciru

Dé dat duoc muc tiéu cua dé tai luan 4n tip trung giai quyét cac ndi dung chinh
Sau:

- Tim hiéu tong quan vé k¥ thuat siy muc dng trong va ngoai nudc, cac cong
trinh nghién ctru da cong b, tir d6 phan tich danh gia dé xut phuong phap sy muc

dng phu hop véi diéu kién tai Viét Nam.



- Nghién ctru thue nghiém xac dinh céc tinh chét nhiét vat 1y cta muc dng tai
Viét Nam.

- Xay dung m6 hinh toan 1y thuyét d& mé ta qua trinh truyén nhiét truyén am
ciia QTS muc dng bang bom nhiét c6 sy hd trg ciia birc xa hong ngoai.

- Nghién ctru thuc nghiém nham kiém ching mé hinh toan 1y thuyét.

- Sir dung két qua mod phong va phuong phap quy hoach thuc nghiém dé xac
dinh cac thong s6 cong nghé phi hop cho QTS, nham dam bao chit lugng voi thuc
té san xuat muc 6ng tai Viét Nam.

4. Piém méi caa dé tai

- Xac dinh cac thong s6 nhiét vat Iy cia muc 6ng Viét Nam phu thudc theo do
am cua vat liéu sy, cac thong sb nay gdbm: nhiét dung riéng, khdi luong riéng, d6 4m
can bang, hé s6 khuéch tan Am va nhiét an hoa hoi.

- Xay dyng mo hinh todn mé ta qué trinh truyén nhiét truyén am ciia muc 6ng
trong QTS bang phuong phap bom nhiét két hop btic xa hong ngoai c6 xét dén anh
huong cua dong dich chuyén am dén dong nhiét.

- Xac dinh ché d6 sdy phu hop cho muc dng nham dam bao chit luong véi

diéu kién thuc té san xuat tai Viét Nam.



Chuong 1
TONG QUAN

1.1. Téng quan vé muc dng
1.1.1. Ngudn lgi va dic diém hinh thai

Muc 12 loai dong vat nhay cam véi bién d6i cua diéu kién thity vin, thoi tiét va
anh sang nén su di chuyén theo mua, ngay va dém. Vao ban ngay 16p nudc bé mit bi
anh sang mit troi nung néng, 1am nhiét d6 nude ting 1én, muc éng thuong 1an xudng
dudi day hoic 16p nude ting dudi. Ban dém, khi nhiét d6 nudc bé mat giam di, cac
quan thé muyc lai di chuyén tir 16p nuée ting dy 1én bé mat.

Trong cac thang mua dong (thang 12 -+ thang 3 nim sau), muc di chuyén dén
cac vung nudc nong hon, ¢ d6 sau < 30 m. Trong cac thang mua he (thang 6 + thang
9), muc 6ng di chuyén dén cac ving nude sau 30 <+ 50 m.

Céc nghé khai thac muc két hop véi anh sang nhu nghé cau muc, nghé vo, chup
muc. Loi dung tinh huéng quang cia muc, ta dua ngudn anh sang manh xudng dudi
nuéc, dé dang nhan thiy quan thé muc tip trung rat dong trong quan anh sang d6. Do
d6, & Viét Nam ciing nhu cac nude khac déu str dung cac phuong phap khai thac két
hop véi anh sang.

San lugng muc ¢ Viét Nam cho dén nay chua thong ké dugc day da vao khoang
15 dén 24 ngan tan/nam. Muc c6 khip trong ving bién ¢ Viét Nam. Muc ¢ nhiéu
thit va td chirc cta co thit rat chit ch&. Muc duoc ché bién xuit khau & hai dang la
dong lanh va lam kho.

1.1.2. Thanh phan héa hoc ciia myc

Thanh phan hoéa hoc ciia dong vat thiy san noi chung va myc néi riéng gom:
Nudc, protein, lipit, gluxit, vitamin, khoang...Gluxits cua muc tdn tai chu yéu la
glycogen. Thanh phan hoa hoc ctia muc duoc thé hién ¢ bang 1.1.

Protein la thanh phﬁn hoéa hoc chu yéu ctia muc khé, né chiém 70% -+ 80% trong

lwong chat kho. Trong thit muc protein thuong lién két véi cac hop chat khac nhu:



lypit, glycogen, axit nucleic...Tao nén cac phirc chat co ciu tao phirc tap va cé tinh
chét sinh hoc dic trung khac nhau.

Bang 1.1: Thanh phian héa hoc ciia mue dng (Tran Thi Luyén, 1996)

Loai muc | Nudc (%) | Lipit (%) | Protein (%) | Gluxit (%) | Khoang (%)

Muyc éng | 78 +825 | 02+ 14 | 148+ 188 2,7 12 +1,7

Theo Tran Pai Tién (2007) ham luong va thanh phan axit amin ciia muc dng
Trung Hoa (Loligo chinensis) tai Khanh Hoa -Viét Nam tai bang 1.2 cho thay thanh
phan cac axit amin rat phong pht. Muc dng tai Viét Nam c6 day du cac axit amin
khong thay thé va nhiéu axit amin c6 gié tri dinh dudng cao v6i ham luong 16n nhu:
Valin, loxin, izoloxin, methionin, prolin, lyzin, acginin. Két qua phan tich ciing cho
thdy cac axit amin gdy bién nau manh trong qua trinh 1am kho nhu prolin, acginin,
lyzin, alanin...

Bang 1.2. Thanh phan cic axit amin ciia mwe Trung hoa (Tran Pai Tién, 2007)

STT Axitamin | % chat khd STT Axit amin | % chat kho
1 Aspactic 3,65 10 Methionin 3,12
2 Treonin 1,99 11 Izoloxin 3,20
3 Serin 0,15 12 Loxin 6,22
4 Glutamin 1,39 13 Tyrozin 3,52
5 Prolin 6,10 14 Phenylalanin 2,72
6 Glyxin 0,90 15 Histidin 1,76
7 Alanin 6,21 16 Lyzin 3,43
8 Systin 0,00 17 Abumin 2,72
9 Valin 414 18 Acginin 9,2

1.1.3. Xir Iy va bao quan muc dng

Muyc nguyén li€u c6 do 4m ban dau khoang 84% (co s¢ udt) dugc so ché, rira
sach mang di lam kho dén do 4m can thiét, sau d6 muc 6ng duoc dua vao bao quan
cang sém cang tot dé tranh sy suy giam gid tri dinh dudng, cam quan va su ting

trudng cua vi khuan.



Hién nay, muc ong sau danh bat thudng duoc xir 1y theo quy trinh dugc trinh
bay trong hinh 1.1 (Huynh Thi Kim Cdc, 2012). Quy trinh niy bao gdm céc budc: so
ché, rira sach, phoi ning hodc 1am kho bang thiét bi sdy, dong gbi va bao quan trong

moi trudng nhiét do binh thudng hodc nhiét 6 lanh dé kéo dai thoi gian bao quan.

Muc nguyén liéu

y
So ché
v
Lam sach
v
v
Phoi nang hodc say \ A
/ bang thiét b sdy / / Bao quan dong lanh /
v
bong goi
v
Béo quan

Hinh 1.1. Quy trinh xit Iy va bdo qudn muec éng
1.1.4. Tiéu chuan chét lwgng myc ong

Dé danh gia chat lugng ctia muc dng, ngudi ta di phan tich cac thanh phan axit
amin chira trong muc dng hodc cc chat ¢ hoat tinh chong oxy hoa trong thanh phan
ctia muc Ong.

Thanh phan héa hoc clia myc 6ng sau khi sdy da dugc nhiéu nha khoa hoc trén
thé gidi quan tAm va nghién ctru. Két qua nghién ciru cho thiy co su khéc biét rd rang
trong thanh phan hoa hoc ctia myc éng gitta cac khu vue, qudc gia khac nhau. Thanh
phﬁn hoa hoc cua muc 6ng phu thudc vao thoi tiét, vung mién, do tudi va chu ky sinh

san. Do d6 khong c6 ti€u chuan chung dé xac dinh chat lugng cua san pham muc ong.



Hon nira khi hiu va d6 am khong khi cuia mdi qudc gia khac nhau do d6 yéu cau cua
khach hang vé d6 chtra 4m ctia muc kho ciing ¢6 yéu cau khac nhau.

Theo tiéu chuin Viét Nam nim 2014 vé yéu cau ky thuat thuy hai san khé.
Trong d6 hai san muc kho c6 tiéu chi danh gia vé cam quan va cac chi tiéu hoa 1y nhu
trong bang 1.3.

Bang 1.3. Cic chi tiéu chit lwgng ciia mure khd xuit khau (TCVN 2014)

A.Cam quan

Chi tiéu Pic diém
Mau sac Trang, hong nhat.
o C6 mui dac trung ctia muc kho, khong tanh, vi hoti
Mui, vi ,
ngot, dang.
. Kho, bé mit khong dinh uét tay, than myc thang va
Trang thai '
minh day, déo, dai, khong vun.
) Khong c6 doc td, vi khuan gay bénh, nam moc, siu
Tap chat khac

bo, cOn trung, ...

B. Chi tiéu Iy hoa

Chi tiéu Pic diém
Ham luong nude Duéi 25%
Ham luong Tro khong
) Dudi 1,5%
tan trong axit
Hoat do nudc & 25°C Duéi 0,75
Ham lugng NaCl Dudi 2,5%
Protein Trén 15,6%

Ham luong nito bazo .
_ Du¢i 350mg/kg
bay hoi

1.2. Co ché truyén nhiét birc xa hong ngoai
Vit liéu sdy trong cong nghiép thue phim thudng duoc ciu tao chu yéu boi chat
hitu co va nude, phd hap thu nang luong birc xa ctia nude va cac chat hiru co 1a khac

nhau. O mdi budc song, chét hitu co trd thanh vat trong subt - khong hap thy ning



lugng buc xa héng ngoai; tuy nhién nudc trong vat liéu sé trd thanh vat den hfip thu
nang lugng buc xa tdi da. Do d6, khi chiéu bic xa héng ngoai c6 budc song nam
trong khoang 2,5 + 3,5 pum 1én vt liéu, cac O - H cta nude hap thy ning lwong birc
xa va bat dau rung dong voi tin sb cua birc xa nhiét chiéu téi. Viéc chuyén doi bic
xa nhiét sang ning luong quay s& lam cho vt liéu trong nude bde hoi (Pan va ctv,

2010).

-Nhiétdo T, —>
-Poam @,
-Vantée U, ——>

Bién cing bé mit
: = f = ¥ >
Ts

Dong nhiét l

Dong am

P,

Hinh 1.2. Chiéu dong nhiét va dong am khi sdy doi lueu
Btic xa nhiét hong ngoai

-Nhigtdo T, — > R
- Do 4m ®,
-Vantbe b, —>

¥ A

v bo ‘séu hép thu
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Hinh 1.3. Chiéu dong nhiét va dong am khi sdy déi luwu c¢é su hé tro cua birc xa

hong ngogi
Hinh 1.2, hinh 1.3 mé ta co ché truyén nhiét va truyén am cta QTS ddi luu va
séy ddi Iuu ¢6 su hd trg cta buc xa héng ngoai. Dbéi v6i QTS ddi luu, dong nhiét s&
truyén tlr ngoai bé mat VLS vao tim VLS. Khi cac 16p bén trong VLS nhan nhiét va
nong 1én, s€ hinh thanh dong am di chuyén tor tam VLS ra ngoai bé mat vat liéu. Do
qua trinh lam néng vat li¢u tir ngoai vao trong nén thuong 16p vat li€u bén ngoai sé

khé trude 16p vat liéu bén trong va can tré qua trinh truyén am tir tim ra bé mit vét



li¢u do gradient nhi¢t do va do am nguoc chiéu nhau. Khi séy ¢ su hd trg nhiét tir
dong bt xa nhiét ciia hdng ngoai, cling véi dong nhiét tir bén ngoai nhu QTS ddi luu
cac phan tir nudc trong vt lidu s& duoc gia nhiét thém bang dong nhiét birc xa hong
ngoai. Trong chiéu day chiu anh hudéng cua buc xa héng ngoai vat liéu s€ nong 1én.
Do d6, gradient nhiét d6 trong trudng hop nay s& nhé hon so véi trudong hop siy doi
luu thong thuong. Sy chénh 1éch vé d6 kho gitta 16p vat liéu bén ngoai va 16p vat liéu
bén trong 1a nho; bé mat vat liéu khong bi bién cung, do do s€ khong can tro nhiéu
qua trinh truyén 4m ra ngodi moi trudng. Bén canh do, ¢ giai doan toc do sdy giam
dan, nhiét d6 bén trong VLS co thé cao hon nhiét d6 TNS. Khi d6 nhiét lugng s&
truyén tir bén trong vat liéu ra ngoai. Trong truong hop nay, chiéu dong nhiét cing
chiéu v6i chiéu dong am.

1.3. Tinh hinh nghién ctru trong, ngoai nwéc vé siy hai san va hé thong siy hong
ngoai.

1.3.1. Tinh hinh nghién ctru ngoai nwéc

= Sy bom nhiét

Theo Braun (2002), Dirk va ctv (2004), Wang va ctv (2001) sdy bom nhiét 1a
mot phuong phép tot dé cai thién chat lugng san pham thity san kho sau khi sdy boi
cong nghé sy ¢ nhiét do thap va khong phu thudc vao diéu kién moi trudng khong
khi bén ngoai, c6 hiéu qua kinh té cao.

Arason (2003) di so sanh gia thanh vé chi phi ning lugng dé say c& bo kho bang
cac phuong phéap siy khac nhau, két qua duoc tac gia chi ra 13 phuong phap siy bom
nhiét cho chi phi gia thanh thap nhat.

Chua (2000a) bao céo rang khi siy bang bom nhiét tac gia c6 thé diéu chinh
duogc thoi gian va nhiét do séy dé han ché sy bién mau cta san phrflm do tac dung cua
cac phan ng tao mau phi enzyme. Qua nghién ctru thuc nghiém, cudng do bién mau
giam di 87% khi sdy khoai tdy, 75% khi sdy 6i va 67% khi say chudi so véi say bang
khong khi nong. Do giam duoc thoi gian sdy nén ham luong axit ascobic da ting 1én
20% khi sdy 6i bang bom nhiét so véi say truyén thong bang khong khi néng & cling
nhiét d6 sy (Chua, 2000b).
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Deng va cong su (2013) nghién ctru sy phan bd d6 4m va kha ning hdi 4m cua
muc cat 1at trén phuong phép siy bom nhiét, thiang hoa va siy khong khi nong. Két
qua cho thay sy kho dan dén bién tinh va suy thoai protein trong co thit theo thtr tu
sdy khong khi nong, sdy bom nhiét, siy thang hoa. Nhin chung cac mau siy thing
hoa cho chit lugng tot nhit trong ba phuong phap sy, mic du thoi gian siy ciia bom
nhiét dai hon cic mau sdy bang phuong phap khong khi néng, tuy nhién ciu trac va
protein it thiét hai hon so v6i phuong phap siy khong khi nong. Khi so sanh vé chi
phi san xuét va chat luong san pham, phuong phap say bom nhiét c¢6 kha ning (g
dung véi quy mo coéng nghiép hon cac phuong phap siy khac.

Nghién ctru ctia Deng va cong su (2014) da tién hanh nghién ctru anh hudng
ctia cac phuong phép sdy 1én cdu trac myosin, thanh phan axit amin va kha ning phan
giai protein ctia muc cit 1at. Nghién ctru dugce tién hanh thyc nghiém trén 3 phuong
phap 1 sdy thing hoa, sdy khong khi nong va sy bom nhiét. Két qua cho thiy say
thing hoa c6 thanh phan axit amin twong ty nhu cac mau muc tuoi va dat kha ning
tiéu hoa protein trong ng nghiém cao nhét. Két qua phén tich cac miu ciing cho thiy
cAu trac myosin ctia muc sau khi sdy bang phuong phap khong khi nong bi pha huy
nhiéu hon so véi siy bom nhiét, trong khi cac miu siy bang phuwong phap thing hoa
giit lai gan nhu ciu triic myosin ban dau.

= Siy birc xa

Theo Jones (1992) thi phuong phap sdy bang birc xa s& giam duoc thdi gian say,
ning luong dung cho siy bang birc xa duoc truyén truc tiép vao nguyén liéu ma khéng
phai ton hao dé 1am néng khong khi nén giam dugc chi phi nang lugng cho QTS.

Navaii (1992) cho rang phuwong phap siy bang btic xa c¢6 nhitng wu diém nhu:
luong truyén nhiét 16n, dé diéu chinh dugce ngudn nhiét va nhiét dé cho bé mat VLS,
thoi gian sdy nhanh. Néu két hop giita phuong phéap siy birc xa voi bom nhiét thi gia
thanh s& dugc ha xudng.

Yamada va Wada (1988) nghién ctru sdy c4 thu bang birc xa hong ngoai co

khoang céch tir cac tAim birc xa gdm hdng ngoai dén bé mat ca 1a 200 mm va két qua
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cho théy chi phi nhiét it hon, tranh duoc su 6 nhiém cta dau chay ra tur ¢4, nhiét do
ctia ca trong QTS khong qua 35°C cho chat lugng cé sau khi sdy 14 rat tot.

Khi nghién ctru tng dung cta bic xa hong ngoai dé siy thao moc, Paakomen
cung cac cong su (1999), da cho thdy chit luong cia san pham sdy duoc cai thién
hon nhiéu.

Theo Pan va céc cong su (2008) néu loai bét nudc trong chubi cit lat bang
phuong phap sdy birc xa hdng ngoai thi d6 4m giam dang ké so véi sdy bang khong
khi nong, toc do thoat 4m nay sé ting theo sy gia ting cudng do birc xa.

Két qua nghién ctru ciia Swasdisevi cting cac cong su (2007) d3 chi ra qua trinh
1am kho 1at chubi sir dung btrc xa hong ngoai trong méi trudng chan khong co toc do
1am khé san pham t6t hon cac phuong phap khac.

Jezek va cong sy (2008) da nghién ciru qua trinh mat nude cta can tay khi siy
bang birc xa hong ngoai & nhiét dd 50°C va 75°C. Két qua da chi ra rang: thoi gian
mat nude phu thude vao ham luong cua cac thanh phan dé bay hoi trong cac mau can
tay, tic 1a ham luong cac thanh phan nay cang cao thi thoi gian loai bo chiing cang
dai.

Kubota cling cac cong su (2003) da so sanh hiéu qua cia sdy birc xa hong ngoai
so v6i sdy ddi luu bang khong khi nong va phoi tu nhién. Két qua da chimg minh:
Say bang birc xa cho chat lwong t6t hon nhiéu so véi hai phuong phap con lai vé mau
sdc, gitt lai duoc ham luong nucleotide cao, lam giam duoc hoat dong khong cé loi
cua acid phosphatase.

Kang va cac cong su (2011) di nghién ciru sdy muc bang phuong phap siy
khong khi néng va sdy btrc xa hdng ngoai. Nhom tac gia tién hanh thuc nghiém tai
cac muc nhiét do TNS 40°C, 50°C, 60°C & cac van tdec TNS 0,6, 0,8, 1,2 m/s. Két
qua cho thay khi sdy blrc xa hong ngoai, téc do siy nhanh va tiét kiém ning luong
hon. Tai nhiét d6 TNS 40°C va véan toc TNS 0,8 m/s, phuong phap siy birc xa hong
ngoai tiét kiém 37,4% ning lugng so voi phuong phap siy khong khi nong. Bén canh
d6, khi sdy birc xa hong ngoai cho thiy sé lwong vi khudn hiéu khi giam, mau sic it

thay d6i va d6 cting ctia myc thap hon so véi cac phwong phép sdy khéc.
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Meeso (2007) khi nghién ctru 1y thuyét bang viéc giai mé hinh toan cua QTS
lta c¢6 blrc xa hdong ngoai cho thdy mé hinh c6 birc xa hiéu qua hon trong viéc giam
am va nhiét do bén trong hat lta.

Ning va cac cong su (2015) nghién ciru dic tinh sy kho hong sam bang phuong
phap sy btrc xa hdng ngoai - xa. Pic tinh siy duoc phan tich va danh gia trén cac
yéu t6 nhu téc d6 sy, thay d6i mau sic va tiéu thu ning luong. Két qua cho thiy sy
buc xa héng ngoai co tdc do séy nhanh hon, chénh léch mau sic va nang luong ti€u
thu giam hon so v&i phuong phap sy bang khong khi nong. Phuong phap lam kho
dué6i anh nang mit troi cho chét luong tét, tuy nhién hiéu qué sdy thap va thoi gian
sdy kéo dai hon so v6i phuong phap siy bang khong khi nong.

= Siy birc xa hong ngoai két hep véi mét s6 phwong phap siy khac

Theo Zbicinski ciing cac cong sy (1992), di sir dung sdy bom nhiét két hop birc
Xa héng ngoai vao viéc séy cac vat liéu nhay cam véi nhiét d0. Qua nghién curu da
chtirng minh sy két hop gitra séy bom nhiét va burc xa héng ngoai mot cach gidn doan
d3 1am dich chuyén nhanh am bé mit ¢ giai doan dau ciia QTS, phuong phéap siy nay
gitip giam thoi gian sdy va han ché t6i da bién doi xdu dén chat luong san pham. Két
qua nghién ctru da dua ra mo6 hinh séy két hop bom nhiét c6 su hd trg cua birc xa
hong ngoai.

Hebbar va cong sy (2004) da nghién ctru phat trién hé thong sy hong ngoai két
hop khong khi néng cho cac san pham thuc pham nong nghiép. Khoai tiy va ca rot
dugc chon 1am méu thtr va kiém tra & 3 phuong phap siy khac nhau (sdy hong ngoai,
sdy khong khi néng, sdy khong khi nong két hop hong ngoai). Tir két qua thu duoc,
nhom tac gia da dwa ra nhan xét néu ¢ cung ché do sy thi phuong phap say khong
khi néng két hop hong ngoai tiét kiém thoi gian 48%, nang luong tiéu thu it hon 63%
so vOi phuong phap sdy nong. Chit lugng cam quan cta san phidm cua phuong phap
sdy khong khi nong két hop siy hong ngoai t6t hon phuong phap siy khong khi nong.

Nathakaranakule va cong sy (2010), di nghién ctru thuc nghiém siy nhan sir
dung birc xa hong ngoai két hop bom nhiét. Nhém tac gia di nhan xét birc xa hong

ngoai giup tang toc do say, do do6 thoi gian say giam, cau tric cia long nhan x6p hon,
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it ton hao vé san luong khi siy kho va ty 16 hdi am cao hon, giam d6 cimg va tré nén
mém déo, mau sac nhan kho d6 va sim hon cac mau thir khong sir dung buc xa hong
ngoai. Két qua ciing cho thdy ning luong khi siy c6 sy hd tro ctia hdng ngoai thap
hon khi siy bom nhiét thong thudng.

Deng va céc cong su (2011) dd nghién ctru thue nghiém sdy muc bang thiét bi
séy bom nhiét va bom nhiét két hop buc xa héng ngoai tai cac muc 500 W, 1000 W
va 2000W. Két qua nghién ctru cho thiy téng ham luong protein, mau sic cia VLS
khong thay dbi nhiéu gitta cac phwong phéap siy. Tuy nhién, chi s6 vi khuan hiéu khi
ctia phuong phap sdy bom nhiét két hop birc xa hong ngoai it hon so véi siy bom
nhi¢t thong thuong.

Theo nghién ctru cia Deng va cong su (2012) muc dng cét 14t say bang phuong
phap bom nhiét va siy bom nhiét két hop birc xa hong ngoai ¢ cong suat 500 W va
1000 W, tai nhiét do 50°C va van toc tic nhan say khi say 0,8 m/s. Két qua cho thay
noéng do acid amin trong tit ca cic san pham kho thap hon so voi muc tuoi. Cac
phuong phap lam kho di lam giam chi s axit amin can thiét va cau tric protien da
bi pha huy nhe. Nghién ctru ciing cho thay phuong phap siy bom nhiét két hop hong
ngoai c6 gia tri dinh dudng tot hon phuong phap siy bom nhiét thong thuong.

Chen va cong sy (2013) nghién ctru anh hudng ctia cac phuong phap siy (khong
khi néng, vi song, hong ngoai - ddi luu) 1én chat lugng ctia muc. Cac thi nghiém dugc
thuc hién tai ba mirc nhiét d6 50°C, 60°C va 70°C, ddi véi phuong phap say vi song
thie nghiém tai mac nhiét do 12 50°C. Két qua cho thiy, phuong phép siy burc xa
hong ngoai — ddi luu va phuong phép siy vi song cho ra san phim c6 mau sac va do
co rat t6t hon phuong phap siy khong khi nong. Tuy nhién, mau siy bang vi song c6
d6 cting cao nhat.

Wang va cac cdng su (2014) nghién ctru so sanh chét luong myc kho tai muc
nhiét d6 50°C. Nghién ciru dugc tién hanh bang thuc nghiém say voi ba phuong phap
(khdng khi ndng, hong ngoai — ddi Iuu va siy vi song) dé so sanh chat luong ciia muyc

sau khi sdy. Két qua cho thiy san phim sau khi siy birc xa hong ngoai — déi luu c6
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d6 co rat thip, c6 mau tring sang, chat lugng cam quan t6t hon so véi sy khong khi
nong va vi song.

Nghién ctru ciia Deng va cac cong su (2014) nghién ctru anh hudng cia phuong
phap sdy bom nhiét, bom nhiét két hop véi birc xa hong ngoai xa tai cac mic cong
suat 100 W, 500 W va 800 W dén c4u trac va ham luong protein ctia muc cat 1at. Két
qua cho thiy nhitng thay d6i ctia cic thanh phin axit amin khong dong nhat nhung
phu thudc vao loai axit amin va phuong phap sdy. Sdy bom nhiét hodc bom nhiét két
hop hong ngoai khong anh hudng mire d6 axit amin thiét yéu va axit amin khong thiét
yéu, thong qua két qua phan tich SDS-PAGE cho thay protein trong muc kho bi hu
hai nhe. Thong qua viéc phén tich cac chi tiéu vé chat lwong va hiéu qua siy cho thay
sdy bom nhiét két hop hong ngoai tai mirc cong suat 100W phu hop dé siy muc.

Mesery va Mwithiga (2014) nghién ctru danh gia cac thong sb trong QTS siy
hanh bang cac phuong phap say khong khi nong, sy buic xa hong ngoai, sdy hong
ngoai két hop khong khi nong & nhiéu diéu kién khac nhau. Két qua cho thiy st dung
sdy birc xa hong ngoai két hop khong khi nong dé sy lat hanh cho mire tiéu thy nang
luong 1a thap nhat.

Vega-Galvez va cong su (2011) tién hanh nghién ctru anh huong cia nhiét do
sdy dén dong hoc QTS, mau séc, kha nang hdi am ctia muyc khi siy biang phuong phap
khong khi néng tai cac mirc 50°C, 60°C, 70°C, 80°C, 90°C. Két qua cho thiy md
hinh toan thuc nghiém Logarithmic va Two-term 1a phu hop dé dy doan d6 chira am
clia muc.

1.3.2. Tinh hinh nghién ctru trong nuéc

Viét Nam 1a nudce cd nén ndng nghiép phat trién, san luong cac loai san phim
nong nghiép chiém ty trong xuat khau rat 1én. Vi vay, nhu cau nghién ciru ing dung
cac k¥ thuat, cong nghé vao trong ché bién va bao quan san pham nong nghiép 1a rat
16n. Trong cac nghién ctru va img dung k¥ thuat sy dé bao quan san pham, ngoai cac
phuong phap truyén théng nhu phoi nang, siy déi luu khong khi nong ma gan day 1a
sdy sir dung bom nhiét thi phwong phép sdy ding bom nhiét c6 két hop birc xa hong

ngoai dang dan tr¢ nén phd bién nho tinh vu viét vé chat lugng san pham ciing nhu
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chi phi cho QTS.

Nguyén Thi Bich Thiy (2001) thuc hién nghién ciru QTS kho mét sé nguyén
liéu néng san c6 do 4m cao bang burc xa hdng ngoai. Két qua nghién ctru da tim ra
dugc ché do sdy tdi vu bang mdy sdy bang chuyén dung dén hong ngoai véi vat liéu
thoc, lac nhu sau: Vén tdc bang tai: 7 mm/s, khoang cach burc xa 1 45 cm, qua trinh
4 Am: 3 phut.

Tai trudng Pai hoc Thuy san — Nha Trang, tac gia Pao Trong Hiéu (2004) da
tién hanh nghién ctru ing dung cong nghé gdm birc xa hong ngoai & giai tan s6 hep
chon loc két hop v6i khong khi c6 nhiét d6 thap dé siy ca com sang. Két qua nghién
ctru xac dinh duoc ché do tdi wu, d6 1a: Nhiét do khong khi trong buéng séy 45°C,
van tbc TNS 1,2 m/s, khoang cach tur nguén blrc xa td1 nguyén ligu 1a 7 cm.

Tran Pai Tién (2007) thuc hién nghién ctru thuc nghiém vé anh huong cia mot
s6 ché do sdy birc xa hong ngoai két hop v4i say bom nhiét dén chat lugng muc dng
kho 16t da. Két qua nghién ctru cho thiy chit luong muc dng kho duge sdy birc xa
hong ngoai két hop voi bom nhiét tét hon so v6i phuong phap sdy birc xa - d6i luu.
Ché d6 sdy birc xa hdng ngoai két hop vé6i sdy lanh thich hop nhat: Nhiét d6 sdy 35°C
+ 1°C, van toc TNS 2 m/s + 0,1 m/s, khoang cach tir dén birc xa téi bé mat muc 1a 40
cm.

Ngb Piang Nghia cing cac cong su (2007) da nghién ciru sdy muc 6ng 16t da
bang thiét bi sy gom btrc xa hong ngoai két hop khong khi ¢ nhiét do thap cho két
qua cho thiy thoi gian sdy 10 + 12 gio, mau sic tring trong, khé déu, phing, hdu nhu
khong c6 ndm mdc, ham lwong NHjs sau khi sdy ting 1én khong dang ké so véi trude
khi sdy.

Lé Thi Poan Thuy (2012), nghién ctu ché do siy hanh 14 bang phuong phap
bom nhiét két hop birc xa hdng ngoai cho thdy phuong phap sdy nay gilp giam thoi
gian sdy nho viée ting qua trinh khuéch tan tir d6 giit duwoc ham luong vitamin cao,
mau sac tu nhién cua nguyén liéu it bi bién d6i, duy tri dwoc mui thom déc trung khi

& clng diéu kién say so véi mau sy lanh. Su két hop giita siy birc xa hong ngoai va
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bom nhiét tao ra mot phuong phap siy hiéu qua ddi véi nguyén liéu c6 bé day nho,
gitip khai thac triét dé uu diém cua ca hai phuong phap.

Bui Ngoc Hung va ctv (2017), nghién ctu sy rong nho bang cac phuong phap
say: khdng khi ndng, khéng khi nong két hop hong ngoai, bom nhiét, bom nhiét két
hop hong ngoai nham xac dinh phwong phap say va ché d6 siy phu hop. Két qua cho
thiy thoi gian khi siy rong nho bing phwong phap khong khi néng la dai nhat (80
phut); phuong phap bom nhiét két hop birc xa hong cé thoi gian siy ngan nhat (35
phut). D6 hoi nguyén caa mau rong say bang khong khi nong két hop birc xa hong
ngoai va bom nhiét két hop buc xa hong ngoai thi dat 85,20% va 89,46%. Mau rong
say bang phuong phap bom nhiét c6 d6 léch mau thap nhat (AE* = 4,9), trong khi
mau rong nho siy bang phuong phap siy khong khi nong c6 d6 léch mau Ién nhat
(AE* =6,5).

1.4. Thye trang sdy mue ong tai cic co sé san xuat
1.4.1. Phwong phap phoi ning

Hién nay, phoi nang (hinh 1.4) 1a phuong phéap lam khé muc pho bién tai Viét
Nam va nhiéu nuéc trén thé gidi. Do sir dung ngudn ning luong truc tiép tir birc xa
mit troi nén phuong phap nay c6 uu diém 1a don gian va chi phi dau tu thap. Tuy
nhién, phuong phap nay lam giam chat luong cta san pham vi mot s6 nguyén nhan
nhu: phy thudc vao thoi tiét nén khong chii dong trong san xuat; kho kiém soat ché
d6 say, dé nhiém bui ban do d6 chat dinh dudng cia muc sau khi phoi nang khong
6n dinh; tén nhiéu mat bang va nhan cng, chat luong khé dong déu (Huynh Thi Kim
Cdc, 2012).

Hinh 1.4. Phoi muec kiéu nam trén ludi va treo
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1.4.2. Phwong phap siy khong khi néng

Khong khi néng dugc gia nhiét bang than gd, khi dot hodc bang hoi nudc bio
hoa. Phuong phap ndy c6 wu diém 1a muc duoc lam khé lién tuc nén chat lugng san
pham dugc cai thién dang ké so véi phuong phép phoi nang; cau tao don gian, hoat
dong, van hanh dé dang, tiét kiém thoi gian va lao dong. Tuy nhién, & Viét Nam do
am cua khong khi kha cao, trung binh khoang trén dudi 80% nén thudng phai sdy ¢
nhiét d6 cao va thoi gian say thuong kéo dai nén hao hut nhiéu dinh dudng; mau sic
bién doi, mat huong vi tu nhién, san pham bi bién dang (cong, vénh...).

1.4.3. Phuwong phap say bom nhiét

Hién nay may say bom nhiét dugc sir dung kha pho bién phu hop véi cac san
pham nhay cam vé nhiét va nhimg san pham sy kho can ¢ nhiét d6 thap, nhu san
pham hai san, nam. ...

Phuong phap say bom nhiét 1a phuong phép sir dung thiét bi bom nhiét dé tach
am cho TNS. TNS 1a khong khi trude hét duoc dua qua dan bay hoi dé tach 4m bang
cach lam lanh dudi nhiét d6 dong swong sau do tiép tuc dugc dua dén dan ngung tu
va gia nhiét dén nhiét d6 yéu ciu sau d6 TNS di qua VLS.

Phuong phap sy nay c6 wu diém nhu: Pam bao vé sinh, giit duoc ham luong
chat dinh dudng, mau sic, mui vi ctia san pham hon so v6i phuong phép siy khong
khi néng. Tuy nhién nhuoc diém cta phuong phap nay 1a do sdy & nhiét d6 thap nén
thoi gian sy kéo dai do gradient nhiét 4o giita TNS va VLS thap.

1.4.4. Phwong phap sy vi song

Thiét bi sdy vi song hoat dong theo nguyén tac khi VLS duogc dat trong trudng
dién tir thay doi véi tan s6 cua vi séng, 1am cho céc phan tir nude dao dong. Su dao
dong cuia cac phan tir nudc s& tao ra va cham va gay ra ma sat gitta cac phan tir chuyén
dong, tir d6 sinh ra nhiét va lam nong vat liéu.

Phuong phap sdy vi song c6 uu diém I thoi gian 1am néng nhanh, gitp giam
thoi gian say; thiét bj tiét kiém niang lwong, bao vé moi truong. Tuy nhién ¢ cac mat
han ché nhu: san pham sau khi sy c6 do cing cao hon so véi cac phuong phap siy

khac; vat tu thiét bi dat tién va kho thay thé va stra chita; chi phi dau tu cao.
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1.5. Théo luén

Qua két qua nghién ctru da cong bd ctia cac cong trinh nghién ctru trong va ngoai
nudc & trén cho thiy phuong phap siy bang vi song c6 thoi gian siy ngin, nhung san
pham muc c6 d6 cting cao nén khong phu hop dé say muc (Wang, 2014; Chen, 2013).
Phuong phép sy thing hoa mic du cho chét luong san pham t6t nhung chi phi dau
tu may thiét bi va chi phi sdy quéa cao nén khong phu hop dé siy muc. Phuong phap
séy bom nhiét co sy hd trg cua bic xa h6ng ngoai co uu diém 1a chi phi dau tu hé
thong hong ngoai thap (Mujumda, 2014), an toan trong sir dung (Ning va ctv, 2015)
va chi phi tiéu thu ning luong giam (Nathakaranakule, 2010). Pic biét, chat luong
clia san pham dugc cai thién ro rét do blrc xa song hong ngoai c6 kha niang tham thau
vao bén trong VLS gitp gia nhiét déu nén giam duogc gradient nhiét d6 trén toan bo
thé tich vat liéu. Bén canh d6 buc xa héng ngoai c6 tinh diét khuén nén gilr cho san
pham dam bao chat lugng vé sinh an toan thuc pham. Hién nay, cac nghién ctru chi
tap trung vao viéc so sanh chat lugng giita cac phuwong phap voi nhau hodc xac dinh
ché d6 siy phu hop ma chwa c6 nhiéu nghién ctru vé ban chit truyén nhiét truyén am
(TNTA) khi sdy c6 bd sung ning lugng tir birc xa hong ngoai. Pa c6 mot sd tac gia
(Meeso, 2007; Swasdisevi, 2007) tién hanh nghién ctru 1y thuyét vé mé hinh toan cta
qua trinh TNTA khi sir dung phuong phép sy bom nhiét hoic khong khi nong két
hop hong ngoai, tuy nhién cic mé hinh toan nay chua xét dén anh hudng cta dong
dich chuyén am dén qua trinh dan nhiét.

D3 c6 nhiéu mé hinh toan thuc nghi¢m dugc xay dung dé mo ta su bién thién
d6 chira am theo thoi gian. Tuy nhién cic mo hinh nay ciing chua mo ta day du anh
huong ctia birc xa nhiét tir song hong ngoai 1én trudng nhiét d6 cua VLS (Vega-
Galvez, 2011; Deng, 2011). Cho dén nay, theo tim hiéu cua tac gia hau nhu chua c6
m6 hinh toan 1y thuyét nao duoc dua ra nhim mo ta qué trinh TNTA khi siy muc 6ng
v6i dy di cac anh huéng néu trén.

Cin clr vao cac két qua phan tich trén va tr thuc trang séy murc 6ng tai cac co
s& & Viét Nam. Chung t6i lya chon phuong phap sdy bom nhiét két hop hong ngoai

de lam co s& nghién ctru qua trinh say kho muc ong. Luan an tién hanh xay dung mo
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hinh toan nhim moé phong qué trinh TNTA khi xét dén anh huéng cua dong dich
chuyén am 1én din nhiét trong QTS. Sau khi nghién ctru 1y thuyét, tién hanh nghién
ctru thye nghiém dé kiém chung 1y thuyét va xac dinh ché do say thich hop cho muc
6ng véi muc tiéu nang cao chét lugng san pham.

1.6. Két luan chuwong 1

Trong chuong nay chung toi dé xuit mot sd van dé can giai quyét cia ludn an
nhu sau:

1. Lya chon phuong phép say bom nhiét két hop birc xa hong ngoai dé nghién
ctru 1y thuyét qua trinh sdy muc dng thong qua viée xay dung va giai hé phuong trinh
TNTA khi c6 xét dén anh huong cua dong dich chuyén am dén dong nhiét va ngudn
blrc xa nhiét bd sung.

2. Nghién ctru thyc nghiém nham kiém chung 1y thuyét va xac dinh ché do sy

pht hop ddi véi may sdy bom nhiét két hop birc xa hong ngoai khi siy muc ng.
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Chuong 2
VAT LIEU VA PHUONG PHAP NGHIEN CUU

2.1. Vat liéu nghién ctru

Vit liéu nghién ctru 1a muc dng Trung Hoa c6 tén khoa hoc Loligo chinensis
(hinh 2.1), day 1a loai thiiy san c6 san lugng 16n va co gia tri xuat khiu cao tai Viét
Nam, véi san lugng danh bat hang nim khoang 24000 tan, trong d6 ving bién Mién
Nam c6 san lugng cao nhat 1a khoang trén 16000 tan, vinh Bic Bo chiém san lugng
thir nhi khoang 5000 tan, bién mién Trung thip nhat khoang 2500 tan. Chinh vi vay
luan an tap trung nghién ctru vao loai myc 6ng, muc chon lam thi nghiém dugc danh
bt tir viing bién Viing Tau, ¢ trong lugng ctia mdi con tir 300 + 350 g va ¢6 chiéu

dai 250 + 10 mm, chiéu rong 140 = 10 mm, chiéu day than myc 6 = 0,5 mm.

Hinh 2.1. Mwc éng Trung Hoa (Loligo chinensis)
2.2. Phwong phap nghién ciru ly thuyét
Qua cac két qua nghién ciru trong va ngoai nudce khi siy myuc dng cho thiy cac
tac gia thudng sir dung mo hinh toan thyc nghiém dé xay dung méi quan hé bién thién

d6 chira 4m véi thoi gian sdy. Mot sb cong trinh nghién ctru mé hinh toan 1y thuyét,
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tuy nhién khi nghién ctru cac tac gia thuong boé qua anh hudng cua dong 4m dén hién
tuong din nhiét d6i voi mot sb loai san phém nhu thoc, khoai tay, ca rot. .. (Meeso,
2007; Truong Minh Théng, 2014). Vi vay, hé phuong trinh TNTA ching t6i ¢ xét
dén hién tugng khuéch tan 4am anh hudng dén truyén nhiét thong qua nhiét lugng can
thiét cAp cho 4m bién ddi pha tir long thanh hoi trong VLS va dong nhiét do ngudn
btrc xa hdng ngoai bd sung trong qua trinh say.

Céc tinh chat nhiét vat Iy ctia VLS 1a thong s6 quan trong va anh hudng dén két
qua trong viéc gidi hé phuong trinh TNTA. Céc dai lugng nhi¢t vat Iy cua VLS phu
thudc vao do Am, vung mién, do sinh séan, quéc gia va da dugc nhiéu tac gia ching
minh trong nhiéu tai liéu (Rahman va ctv, 2007; Choi va ctv, 1986). Vi vay, trong
luan an nay ching toi s€ tién hanh x4c dinh cac tinh chét nhiét vat 1y cua muc 6ng
duoc dung lam vat li¢u nghién ctru.

Hé phuong trinh TNTA duogc giai bang phwong phép sai phan hitu han. Pay 1a
mot cong cu duge nhibu tac gia st dung dé giai hé phuong trinh vi phan bang cach
chuyén cic hé phuong trinh nay vé dang sai phan nhu cong trinh (Meeso, 2007).
Thuat toan giai hé phwong trinh nay dugc chung toi trinh bay chi tiét trong chuong 3.

Nghiém ctia hé phuong trinh TNTA 1a co s¢ dé dénh gi, so sanh va phan tich
cic van dé lién quan dén dong hoc QTS nhu anh hudéng cua nhiét d0 TNS, van tdc
TNS, cong suat phat hong ngoai ... dén thay doi d6 am trong VLS.

2.3. Phwong phap xic dinh cac thong s6 nhiét vét 1y ciia mue
2.3.1. Xac dinh khdi lwong riéng

Bang thyc nghiém nhiéu tac gia da si dung phuong phap thé tich thé chd véi
dung moi toluene va n-hepane dé xac dinh khdi luong riéng ctia nhidu loai thuc pham
ndng nghiép va cac thuc pham twoi song. Trong d6 toluene 1a dung moi khong phan
ung hoa hoc véi cac hop chit cAu thanh vat liéu, hon nira c6 ti trong thép nén vat liéu
c6 thé chim hoan toan trong dung méi, do d6 di duoc nhiéu tac gia str dung lam dung
moi dé xac dinh khéi luong riéng cia vat liéu. Tac gia Levi va ctv (1995), Costa va
ctv (2001) d3 thuc nghiém xac dinh khdi luong riéng cua ca rdt, chudi bang phuong

phap thé tich thé chd véi dung méi Ia toluene va n-hepane; Yan va ctv (2008) da xéac
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dinh khdi luong riéng cua chudi bang phwong phap thé tich thé chd véi dung méi 1a
Toluene. Trong ludn 4n nay, phuong phap thé tich thé chd véi dung méi 1a toluene
duoc st dung dé xac dinh khéi luong riéng ctia myec.
2.3.2. Xac dinh nhiét dung riéng

Nhiét dung riéng cua vat liéu dugc xac dinh béng thuc nghi€ém trén co so can
bang nhiét luong trong diéu kién doan nhiét. Phuong phap hdn hop, so sanh va
phuong phap tim chén 13 nhitng phuong phép thudng duge dung dé do nhiét dung
riéng clia cac vat liéu (Rahman, 2007). Trong d6 phuong phap hon hop duoc sir dung
rong rai dé xac dinh nhiét dung riéng ctia nguyén liéu thuc pham do don gian va chinh
xac. Nhiéu nha nghién ctru da sir dung phuwong phap hdn hop dé do nhiét dung riéng
cua dau nanh, hat m&, hat ké va hai san (Aviara va ctv, 2011; Subramanian va ctv,
2003; Rahman, 1993). Bén canh d6, phuwong phap dong thoi xac dinh hé s6 din nhiét,
khuéch tan nhiét va nhiét dung riéng (Lé Quang Huy, 2017) di duoc st dung, budc
dau cho thiy hiéu qua va d6 chinh xac trong qua trinh x4c dinh cac thong sb. Tuy
nhién trong luan an ndy, phuong phap hon hop duoc sir dung dé xac dinh nhiét dung
riéng cia muc do kinh nghiém va kha nang thyc hi¢n dé dang.
2.3.3. Xdc dinh hé s6 din nhiét

Rahman va Potluri (1991) d4 sir dung phwong phap que do dé xac dinh hé sb
dan nhiét cia muc (kp). Két qua cho thay, hé sé dan nhiét caa muc 1a kp = 0,49
W/(m.K). Trong nghién ciru nay, kp = 0,49 W/(m.K) dugc st dung truc tiép trong céc
tinh toan.
2.4. Phwong phap xac dinh @) 4m cin bing ciia muc

Do am can bang 1a tham sé quan trong dé du doan nhiing thay ddi do am cua
san pham trong QTS va bao quan. Méi quan hé gitta 6 am can bang cia muc va do
am tuong dbi can bang 12 yéu tb can thiét dé kiém soat QTS. Trong luan &n nay, do
am can bang cua muc dugc xac dinh théng qua viéc xay dung duong dang nhiét cua
muc 6ng. Str dung dung dich mudi bdo hoa (Rahman va ctv, 2007) dit trong moi
truong khép kin dé tao ra méi trudng co d6 am 6n dinh theo nhiét do.

2.5. Phwong phap xac dinh nhiét 4n héa hoi ciia 4m trong vit liéu muc ong
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Trong QTS ning lugng can thiét 1am 4m 16ng tir trong long dich chuyén ra bé
mat VLS va thoat ra méi truong TNS dudi dang hoi am s& phu thudc vao mot vai
thong sb sdy trong d6 c6 théng sb nhiét an hoa hoi ciia nuée trong VLS. Mot sb
nghién ctru vé TNTA di cong bd, thong sb nay thudng duoc cac tac gia st dung nhiét
an hoa hoi ctia nu6e ty do. Tuy nhién, nhiét an hoa hoi ciia nuée trong vat lidu (hig)
khéc so v&i nhiét 4n hoa hoi cta nuée tu do vi nd phu thudc vao mat sb cac thong )
nhiét vat 1y cia VLS. Vi vay nhiéu nha khoa hoc d3 thuc hién nghién ctru xac dinh
cong thire tinh hg,; cho VLS trong QTS. Brooker va ctv (1992) da thuc nghiém tim
ra cong thic tinh toan hyy cho mot vai san pham trén co so hiéu chinh cong thirc cua
Brook va Foster (1981). Trong d6, mbi quan hé hr/hrgo chi phu thudc vao do am cua
vat li¢u. Trong nghién ctru nay, nhiét an héa hoi duoc xac dinh thong qua do am can
bﬁng cua vat liéu va khi xac dinh bo qua anh hudng cia yéu t6 nhiét do.

2.6. Phwong phap nghién ciru thwe nghiém kiém ching 1y thuyét va xiy dung
ché dj siy
2.6.1. Phwong phap quy hoach thuc nghiém

Thuc hién phuong phap thuc nghiém don yéu té dé xac dinh méi quan hé tuong
quan giita cac théng sd cong nghé va xac dinh gia tri hop 1y ciia cac thong sé dé lam
co s¢ thuc hién giai doan thuc nghiém da yéu to tiép theo.

Phuong phép nghién ciru thyc nghiém da yéu t6 xay dung bang mé hinh thong
ké c6 dang “hop den”. M6 hinh thyc nghiém da yéu t6 c6 dang phi tuyén (bac II) va
dugc kiém tra tinh dung dén bang céc tiéu chuan thong ké. Phuong 4n thyc nghiém
da yéu t6 duoc ap dung 1a dang bat bién quay.
2.6.1.1. Xac dinh cac thong s6 nghién ciru
a. Xac dinh cac ham muc tiéu (cac thong s diu ra)

Cac thdng sb dau ra 1a cac chi tiéu chét luong va k¥ thuat cta ddi tugng nghién
ctru. Cac thong s dau ra ciia thiét bi sdy nghién ctru gom c6: thoi gian siy, phan traim
ham lugng protein, phé“m tram ham lugng NHs, mau sac, do cung, téng sb luong vi

sinh vat hiéu khi ....
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Thoi gian sy 1a thoi gian ctia qua trinh giam 4m tir 6 4m ban dau dén khi dat
d6 am yéu cau, day 1a mot trong cac yéu t6 anh hudng dén chat lwong, nhan cdng, chi
phi di¢n nang ti€u hao trén toan bo cac thiét bj dién theo md hinh séy thuc nghiém va
duogc sir dung 1am tiéu chi dé danh gia.

Vi sinh vat hiéu khi 1a chi tiéu dé danh gia chit lwong thie pham vé vi sinh vat,
nguy co hu hong, thoi han bao quan cua thuc pham. Tuy nhién chi tiéu nay di duoc
nhiéu cong trinh nghién ciru va chirng minh khi sdy c6 hd tro ctia hong ngoai tong sd
vi khuan hiéu khi giam dang ké so voi cac phuong phép say khac (Kang va ctv, 2011;
Deng va ctv, 2011) do buc xa hong ngoai c6 kha niang diét khuan.

Ham luong protein (TCVN, 2014) va axit amin 14 phan trim ham luong con lai
sau khi sdy, day 1a cac chi tiéu dé danh gia chét luong ctia myc ong. Tuy nhién, theo
nghién ctru Deng va ctv (2011) khi nghién ctru thuc nghiém bang phuong phap siy
bom nhiét va bom nhiét két hop hong ngoai tai cic mirc cong suat 500 W, 1000 W
va 2000 W cho thiy riang ham luong protein va axit amin thay doi khong dang ké khi
& cac phuong phap va cong suat hong ngoai khac nhau. Cong trinh nghién ctru cia
tac gia Tran Pai Tién (2007) d3 danh gia chat luong ciia muc 6ng 16t da thong qua
ham luong NHs, day la thong sd danh gia chat lwong san pham gian tiép thong qua
ham lugng NHs.

Mau sic 1a mot trong nhiing tinh chat quan trong cua thuc pham, doi véi muc
kho xuét khau mau sic dugc so sanh véi cic mau chuan dé danh gia va phan loai chat
lwong. Tuy nhién chi tiéu nay thudng duoc danh gia bang phuwong phap cam quan do
d6 chat lugng thuc pham chu yéu dya vao kinh nghiém cua ngudi danh gia.

D9 cung la thude tinh co hoc cua cAu truc lién quan dén cuong do luc dé 1am
cho san pham bién dang, xuyén thung hodc cat dat. Thudc tinh ndy anh huong 16n
dén trang thai vé d6 dai, déo cua san phém (TCVN, 2014), vi vay chi tiéu nay da duogc
nhiéu cong trinh nghién ctru léy lam chi tiéu danh danh gia chét lugng cia muc, cu
thé nhu cong trinh nghién ctru Wang (2014), Chen (2013) hay cong trinh nghién ctru
cla tac gia Tran Dai Tién (2007) di x4c dinh Gmg sudt can cit dé danh gia do climg

cua myc Ong 16t da sau khi say.
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Nhu vay dé danh gia chi tiéu chit luong va ki thuit cta san phdm phu hop &
diéu kién Viét Nam. Chung t61 lya chon cac muc tiéu sau day dé dua vao md hinh
nghién ctru.

- Thoi gian sy t (phat), duoc ky hiéu 1a Y1

- Phan traim ham lwong NH3 (%mg), ky hiéu hoa 13 Y>

- Ung suit cat UsC (N/cm?), dugc ky hiéu 1a Y3
b. Xac dinh cac thong so vao

Thong s6 dau vao 1a yéu té anh hudng dén céac chi tiéu vé chat luong. Céc
thong s6 dau vao va gia tri vung nghién ctru dugc xac dinh dya trén co s¢ ké thira tur
cong trinh nghién ctru da dugc cong bd hodc tir thue nghiém tham do.

Nhu di phén tich thoi gian say, ham luong NHs va d cimg san pham 1 cac chi
tiéu k¥ thuat dé danh gia thiét bi siy muc. Trong d6 cac yéu t6 anh hudng dén chi
tiéu nay gom: nhiét @ TNS, van tbc TNS, cong suat phat nguon hong ngoai, do am
TNS.

¢ Nhiét do TNS Ta (°C)

Nhiét d6 TNS déng vai trd gia nhiét cho VLS va lam thay doi d6 4m tuong d6i
ciia TNS dé tao ra dong luc siy. Trong da sd cac truong hop khi nhiét o siy cao sé
thuc day QTS nhanh hon, tuy nhién khi nhiét d6 sdy cao dan dén chét luong muc suy
giam (Vega-Ga’'lvez va ctv, 2011). Do d6 nhiét d6 ctia TNS 1a thong sé anh hudng
nhiéu dén thoi gian sdy.

< Van téc TNS v (m/s)

Van toc TNS 13 yéu t6 c6 anh huong rat 1on dén kha ning trao d6i nhiét, 4m
thong qua hé s trao d6i nhiét va trao d6i 4m ddi luu giita VLS va TNS.

< Do am twong d6i cia TNS @, (%)

Do am twong d6i ciia TNS 1a thong sé anh huéng dén thoi gian sdy. Khi do
am twong ddi cuia TNS théap thi kha niang tiép nhan 4m 16n do dong luc QTS 16n. Tuy
nhién, thong s6 nay rat kho diéu chinh, luon thay doi do phu thudc vao do chira am
cta VLS va nhiét do TNS thuc té.

< Cong suat phat ngudn hong ngoai P (W)
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Cong suit ngudn phat hdng ngoai 1a thong s anh huong dén thoi gian siy va
d6 climg cua san pham. Khi cong sut hdng ngoai cang 16n kha nang hap thu buc xa
nhiét cang 16n 1am mét nudce nhanh 1am cho d6 ctng ciia muyc ting.

Pé xac dinh duoc cac chi tiéu phi hop, cac thong sé dau vao phai thuc su anh
huong dén qua trinh nghién ctu. Do c¢6 nhiéu thong sb anh huéng dén céc chi tidu
nghién ctru, vi vy trong qua trinh nghién ctru dé giam sb luong thi nghiém ma vin
dam bao d6 chinh x4c cta thi nghiém, ching t6i s& loai bo cac thdng sb it anh huong
hoic thong sd d6 khong diéu khién duoc.

Qua phan tich & trén va loai bo cac thong so it anh hudng dén chi tiéu nghién
ctru. Cac thong s dau vao can dua vao mo hinh nghién ciru thyc nghiém bao gom:

- Van tdc cta TNS v (m/s)

- Nhiét d6 cua TNS Ta (°C)

- Cong suat hong ngoai P (W)

Theo két qua nghién ctru téng quan cac cong trinh nghién ctru trude do, chung
t61 lra chon pham vi nghién ctru cua cac thong sé dau vao co gid tri nhu sau:

- Qua tham khao, ké thira mot s6 cdng trinh da cong bd nhu cua Deng va ctv
(2014), Chen va ctv (2013), Kang va ctv (2011), chon pham vi nghién ctru nhiét do
TNS nim trong gidi han tir 40 + 50°C.

- K¢é thira cong trinh nghién ctru cua Xiaoyong va ctv (2016), Deng va ctv
(2014), Nathakaranakul (2007), chon pham vi nghién ctru cong suat phat hong ngoai
nam trong khoang 250 W + 750 W.

- Theo nghién ctru cua wang va ctv (2014), Mesery va ctv (2014), Kang va ctv
(2011), chon pham vi nghién ctru van tc TNS nam trong khoang 0,6 + 1,4 m/s.
2.6.1.2. Lap ma tran thi nghiém

Phuong phap quy hoach thuc nghiém duoc tién hanh theo dang bac hai néu bac
mdt khong phu hop. Qua trinh b6 tri thi nghiém theo kiéu ngau nhién hoan toan, ma
tran thuc nghiém dugc 1ap trén may tinh bang chuong trinh Statgraphics centurion
17.
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Phuong an thuc nghiém bac II dwgc chon dang bat bién quay. Theo Nguyén
Canh (2016), s6 luong thi nghiém duoc xac dinh theo céng thire nhu sau.
N = 2K+ 2k + no (2.1)
Trong d6: k — sé yéu té nghién ctru dau vao cia bai toan.
2% 56 luong thi nghiém & mic trén va mirc dudi.
2k — s6 lwong thi nghiém ¢ muc diém sao + a.
no — 56 lwong thi nghiém 13p lai & mirc co s6.
2.6.1.3. X4y dung md hinh hoi quy thue nghi¢m
Str dung chuong trinh Statgraphics centurion 17 dé 14p ma tran thi nghiém, x4c
dinh cac hé s6 hdi quy, phéan tich phuwong sai mé hinh théng ké thuc nghiém trong cac
bai toan quy hoach thyc nghiém.
No6i dung bai toan qui hoach thuc nghiém thuc hién theo cac budc:
1. Lap ma tran thi nghiém c6 tién hanh ngiu nhién héa thi nghiém.
2. Tién hanh phan tich phuong sai dé loai b6 cac hé s6 hdi quy khong dam bao
do tin cdy véi mirc y nghia a = 0,05.
3. Thuc nghiém phan tich phuong sai trén bai toan moi.
4. Xac dinh gié tri cac hé s6 hdi quy theo ham toan mdi sau khi da loai cac hé
s6 hoi quy khong du do tin cay.

5. Kiém tra sy phu hop ctia md hinh theo tiéu chuan Fisher voi trinh tu

MSLf
F=| —— |<F 2.2
. -

MSLF - phuong sai tuong thich, dugc xét tir nguén bién khong phu hop & bang
phén tich phuong sai.
MSEp - phuong sai tai hién, dugc xac dinh tir nguon sai s6 thuan & bang phan
tich phuong sai;
Fp - gid tri bang cua tiéu chudn Fisher duoc tra v6i muc y nghia o = 0,05.
2.6.1.4. Panh gia d chinh xac ciia mé hinh hdi quy
Ap dung phuong phap khir sai s6 tho, khi thue hién thi nghiém nhan théng tin

dé loai bo sai so tho.
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Ap dung phuong phap phan tich phuong sai (ANOVA) dé danh gid mic do
anh huong cta thong sd nghién ctru dén qua trinh nghién ciru chi 1a ngéu nhién hay
¢6 anh huéng thuc su. Phuong phap nay giup loai bo cac yéu t6 anh huéng kém dén
qua trinh nghién ctru cling nhu mtrc d6 twong quan. Ngoai ra con giup kiém tra cac
gia thiét ddng thoi phuong sai, do tin ciy cia cac hé sb hdi quy va mirc d6 phu hop
ctia mé hinh lya chon theo tiéu chuén Fisher khi thuc nghi¢m.

2.6.2. Phwong phap tdi wu h6a mé hinh

Phuong phép t6i uvu hda dugc xay dung trén co so cac ham toan 13 cac phuong
trinh hdi quy, xac dinh duoc bang phwong phap qui hoach thuc nghiém. Cac phuong
trinh nay xac dinh ham muc ti€u véi cac chi tiéu t61 wu dic trung cho chét luong va
k¥ thudt cta thiét bi sdy nhu: thoi gian sdy, ham lwong NHas, Gng sudt cit cla san
pham sau khi sdy.

Ham diéu kién 1a cac rang budc k¥ thuat va rang budc vé vung thuc nghiém
nghién curu.

Bai toan toi vu héa dugc giai bang phan mém Excel trén may tinh.
2.6.3. Thiét bi thue nghiém

Thiét bi say muc dng dung trong thuc nghiém 13 may sy bom nhiét cua khoa
Co khi cong nghé, trudng Pai hoc Nong Lam thanh phd HO Chi Minh (Nguyén Hay
va ctv, 2014). Bé phu hop véi cac ndi dung nghién ciru 1y thuyét thiét bi duoc stra
chita va lap dat thém hai thanh dén hong ngoai, 2 b diéu khién nhiét 46 dé do nhiét
d6 VLS, bo diéu khién cong suat phat hong ngoai, khay sdy va céac thiét bi phy tro
kém theo (hinh 2.3).

= Nguyén ly hoat dgng

Muc dng duoc so ché sau d6 dua vao budng say dat 1én khay 1udi (8), dat cam
bién nhiét 6 vao than muc. Pong cira budng siy, cai dit nhiét do siy theo yéu cau,
sau d6 khai dong quat va bom nhiét tai tu diéu khién (5). TNS di qua dan bay hoi
(16) dé tach 4m va tiép tuc di qua dan ngung tu (17) dé gia nhié¢t, dugc quat hat va
th6i qua bo phan gia nhiét phu (3) dat dén nhiét d6 yéu cau va qua bng gio (4), theo

duong ong vao budng say, bén canh d6 muc ong dugc gia nhiét bang bic xa hong
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ngoai théng qua bd didu khién cong suit phat (7) gom thanh dén phia trén (10) va
thanh dén phia dudi (11). Hai ngudn nhiét nay s& 1am nong vat liéu, tir d6 am trong
muc duoc dich chuyén ra bé mit ngoai va hoa hoi duoc TNS mang ra khoi budng siy
theo duong 6ng TNS (12), sau d6 dugc hoi luu vé trude dan bay hoi dé tach am va
lap lai chu trinh nhu trén cho dén khi d6 4m muyc dat yéu cau. So d6 nguyén 1y cua

thiét bi thie nghiém dugc trinh bay trén hinh 2.2.

oo Iﬁl
10 o} 5
“i . A >_ 11:11“51:11;:11ﬂ
B f '
2] HES AR
| s
18 |/ 1
Gl B2
b /
d 16 17 b

Hinh 2.2. So' d6 nguyén Iy cia thiét bi say muc ong
1. Canh huéng dong; 2. Quat doc truc; 3. Pién tré phu; 4. Ong gié; 5. Tu diéu
khién; 6. BS diéu khién va hién thi trong luong; 7. Bo diéu khién HN; 8. Khay chira
vat lieu; 9. Vat liéu sd'y; 10. Thanh den ho”‘ng ngoai trén; 11. Thanh den héng ngoai
dudi;12. Ong héi TNS; 13. Dan ngung tu phu; 14. Quat dan ngung tu phu; 15. Mdy
nén; 16. Dan bay hoi; 17. Dan ngung tu chinh.
= Thong s6 k¥ thuat co ban cia thiét bi thuc nghiém
- Kich thudc mdy siy: 1650 x 700 x 1750 mm
- Kich thuéc budng sdy: 600 x 400 x 400 mm
- Kich thuéc khay sdy: 580 x 300 x 3 mm
- Cong suat may nén: 1,5 HP
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- Cong suat dong co quat: 0,5 HP

- Cong suat dan bay hoi: 1,5 HP

- COng suat dan ngung chinh: 1,5 HP

- Cong suat dan ngung phu: 1,0 HP

- Cong suat bo dién tré phu: 2 KW

- Téc @6 TNS: 0,3 + 2,0 m/s

- Nhiét do TNS: 30 + 60°C

- Bi¢n ap st dung: 3pha 220/380V/50Hz

- Cong suat hong ngoai 0 + 2000 W (gdm

hai thanh dén)
% O

o

Hinh 2.3. Thiét bi sdy muc ong
2.6.4. Thiét bi do

- Str dung thiét bi do van tdc TNS nhén hiéu Anemometer and Humidity Meter
AM — 4205, c6 khoang do 0,4 + 2,5 m/s, sai s6 = 3%.

- Can dién trt HZ TP-A-300 g cua Pai Loan c6 do chinh xac = 0,01 g, gidi han
do 300 g.

- Sir dung b diéu khién d6 am FOX — 1H ctia Han Quéc, pham vi do 20 + 90%
RH, sai s6 + 1%, cam bién dau vao HS — 220, dién ap sir dung 230VAC 50/60 Hz.

- Bo diéu khién nhiét d6 ma hiéu EW -181 hing Ewelly, thang do 1a 1°C, do

chinh xé4c + 1°C. Cam bién nhiét d6 dang soi loai Pt100, dudng kinh 4 mm, chiéu dai
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than do 50 mm, str dung khoang do tir 1 + 80°C dé do nhiét do TNS,

- B diéu khién nhiét d6 ma hiéu ESCN hdng Omron ciia Nhat Ban, thang do 14
0,1°C. Cam bién nhiét Pt100 dudng kinh 1,5 mm, chiéu dai thdn cam bién 20 mm, st
dung khoang do tir 0 + 100°C.

- Str dung cam bién trong lwong PW6CMR, khoang do 0 + 5 kg va bo hién thi
K3HB — VLC, sai s6 0,3%.

- Déng ho Ampe kim cua Kyoritsu cia Nhat Ban dé do cuong do dong dién, st
dung khoang do 0 + 200 A, sai s6 + 0,1 A.

- Pong hd sé ma hiéu CD 800a cia hang Sanwa, khoang do 0 + 600 V, dai tan
s0 AC 40 + 400 Hz, sai s6 + 0,1 V.

- Thudce kep dién tir cua Mitutoyo cua Nhat Ban dé do chiéu day VLS, khoang
do tir 0 + 150 mm, sai s6 + 0,01 mm.

- Nhiét ké hong ngoai c¢6 nhan hiéu Infrared Thermometer Center 350, khodng
do -20 + 500°C, d¢ chinh xac + 2%.

2.6.5. Phwong phap do cic thong sb

Dé thuc hién do va ldy sd liéu trén thiét bi, cdc cam bién nhiét do, d6 4m va
trong luong trén thiét bi siy dugc bo tri nhu hinh 2.4.

- Nhiét d6 TNS duoc do bing cam bién nhiét do Pt100 va duoc lép dat tai vi tri
CBT3 (hinh 2.4). Nhiét d6 nay dugc hién thi va cai dat thong qua bd diéu khién
Ewelly.

- P06 am TNS dugce do bang cam bién HS -220, l4p dit tai vi tri CBA7 (hinh 2.4)
va thé hién trén man hinh FOX -1H.

- Van tdc TNS duoc do bﬁng dung cu AM — 4205, thong $6 nay dugc diéu chinh
va cai dat ¢d dinh trong sudt QTS.

- Nhiét d6 VLS duoc do bﬁng cach su dung hai cam bién nhiét 36 Pt100 xuyén
vao than myc & phan dau va phan cudi thin myec (hinh 2.4), théng qua bd diéu khién
va hién thj ESCN. S liéu dugc ghi nhan 15 phut mot lan, gia tri trung binh cia hai
cam bién CBT4 va CBT5 duoc st dung dé so sanh vai nhiét dd VLS khi mo phong.
CBT1, CBT2. Cam bién do nhiét 46 TNS trudc va sau dan bay hoi; CBT3. Cam bién
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do nhiét @ TNS; CBT4. Cam bién do nhiét dd VLS 1; CBT5. Cam bién nhiét do
VLS 2; CBL6. Cam bién trong lugng; CBA7. Cam bién do d6 am.

oo /|
@]
@]
—————m yBTS = 3 3
CBT5 CBT4

“/ B v B[]
« - o o o
o o L]
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CBL6 T

CBT1

¢
S

ct 9
Hinh 2.4. So do bé tri thiét bi do trén thiét bi de

- Chiéu day cua VLS dugc do bang thude kep dién tir Mitutoyo, gié tri trung
binh duoc do tai ba vi tri dau, gilta va cudi cua than muc duoc st dung lam thong )
tinh toan khi giai mé hinh toan 1y thuyét.

- Nhiét d6 ban dau cia VLS duoc xac dinh bﬁng cach st dung hai cam bién
nhiét d6 Pt100 xuyén vao than muc ¢ phan dau va phan cudi than muc (hinh 2.5),
thong qua bo diéu khién va hién thi ESCN, gié tri trung binh do tai hai vi tri dau va
cudi cua than myuc dugc sir dung lam thong sé tinh toan khi giai mé hinh toan ly
thuyét.

- Qua trinh giam am cta VLS dugc xéac dinh gian tiép thong qua qué trinh giam
khéi luong VLS, khéi luong nay duoc can tr dong théng qua cam bién trong luong
CBLS6 (hinh 2.4), s6 liéu duoc hién thi trén man hinh K3HB — VLC va ghi nhan 30
phat mot 1an.

- Cong suat phat ctia hai thanh dén hong ngoai duoc cai dit thong qua bo diéu
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khién cuong do dong dién, sir dung Ampe kim Kyoritsu dé do dong dién va déng hd

s6 Sanwa dé do dién ap, tir 6 x4c dinh cong suat phat trén hai thanh dén hong ngoai.

CB5
CB4

Hinh 2.5. So d6 bé tri thiét bi do nhiét do VLS
2.6.6. Phwong phap xac dinh cac thong sb
% Xac dinh d9 am
Do am twong d6i ban dau (®,) caa myuc 6ng dugc xac dinh bang phuong phéap
ta say va dugc tinh nhu sau:

0, ="Mz 10004 (2.3)
ml

Do am tac thoi (o, ), cua vat liéu siy duoc xac nhur sau:

m, (100 — w,) %
m.

®, =100 (2.4)

Trong d6 m1, m2 va mi 1a khéi lugng ban dau, khéi luong cubi va khdi lugng &
thoi diém i cua vat lidu sdy (g).
Quan hé¢ giita d6 am tuong ddi (o) va do am tuyét ddi (o, ):

0=—2K _100% hay o, =
o, +100 100 - o

w

.100% (2.5)

Quan hé gitra do am tuyét doi caa vat liéu sdy va do chtra am dugc biéu dién

béi biéu thic sau:
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Q)]
0 . m 2 M
M=—X va M=—"_ (ke 4m/kg VLK) hay ® = ——100% 2.6
100 _ﬂ(ga g ) hay Vg 00% (2.6)
100

< Téc dd say
Tbc do say trong sudt qua trinh sdy duoc tinh theo cong thirc
M.- M.,
At
Trong d6: dM/dt - toc do say (Kg/kg.phat); Me, Meac - @6 chira 4m tai thoi diém
thoi gian say t; t + Ar (kg am/kg VLK); Ar: khoang thoi gian say (phut).

dM/dt = 2.7)

< Panh gia sy phu hop ciaa mo hinh
Dé danh gia sy phi hop cua md hinh TNTA véi s liéu thuc nghiém, luan an
nay st dung hai dai lwong sai s6 binh phuong trung binh RMSE va sai sb tuyét doi
trung binh Py, dé danh gia.
- Sai s6 binh phuong trung binh RMSE duoc xac dinh nhu sau:

ZN:(\/TN _VLT )2
RMSE = \/1T (2.8)

Trong do: v, - gia tri thi nghiém, v/ - gid tri ly thuyét, N - s6 lugng thi nghiém

- Sai s6 tuyét ddi trung binh Py duoc xac dinh nhu sau:

p, =1 i[MN _V”|j 2.9)

N i=1 VTN

2.7. Phwong phap danh gia chit lwong ciia muc
San pham muc sau khi siy duoc dwa di xét nghiém xac dinh ham lugng NH3 va
{mg suat cit nham danh gia chat luong ciia muc dng sau khi sdy, cac chi tiéu nay dugc
xac dinh tai Vién nghién ctru Cong nghé¢ Sinh hoc va M6i truong cia truong Dai hoc
Noéng Lam thanh phd Hd Chi Minh theo cac phuong phap sau.
% Phan tich ham lugng NHz theo phuong phap AOAC 2016.

% Xac dinh @ng suat cat trén may phan tich ciu tric Brookfield - CT3
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2.8. Két luan chuong 2

Cac noi dung chinh da dugc trinh bay trong chuong 2 cta luan an:

- Phan tich va lya chon dugc phuong phéap thuc nghiém xac dinh thong s6 nhiét
vat Iy ciia myc 6ng nhu: nhiét dung riéng, khdi luong riéng, do 4m can bang, hé sb
khuéch tan 4m va nhiét an hoa hoi. Viéc xac dinh duoc cac thong sé nhiét vat 1y cia
muc dng c6 ¥ nghia quan trong, ddy chinh 13 co s& dit liéu c6 thé sir dung dé phuc vu
cho cac nghién ctru 1y thuyét.

- Xac dinh dugc phuong phap nghién ctru thuc nghiém tim ra ché do sy phu
hop.

- X4c dinh duoc phuong phap danh gia chat lugng ctia muc 6ng.

- Gi6i thiéu thiét bi thi nghiém va cac dung cu do dé phuc vu cho nghién ctru

thuc nghiém.
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Chuong 3

KET QUA NGHIEN CUU LY THUYET TRUYEN NHIET
TRUYEN AM TRONG SAY MUC ONG

Trong chuong nay, chung t6i tiép tuc tién hanh xac dinh bang thuc nghiém céc
thong sé nhiét vat Iy cia myc dng. Céc gia tri nay sé duoc sir dung dé 1am théng sé
tinh toan sau khi xay dung va giai hé phuwong trinh TNTA md ta qué trinh sdy muc
trong may say bom nhiét ¢ két hop bd sung birc xa hong ngoai.

3.1. Két qua xac dinh céc thong sb nhiét vat ly cia muc

Thong s6 nhiét vat ly caa VLS la mot trong nhiing yéu té anh huéng 1on dén
két qua tinh toan ly thuyét ciing nhu thuc nghiém. Do d6, viéc xac dinh chinh xac gia
tri cia cac thong so nay Ia rat can thiét cho qua trinh giai hé phuong trinh TNTA dugc
dé cap trong muc xay dung va giai mo hinh 1y thuyét hodc nghién ctru tng dung vé
cac qua trinh ché bién muc 6ng o Viét Nam.

3.1.1. Xac dinh khdi lwong riéng ciia muc
= BH tri thi nghiém

Khéi luong riéng ciia muc duge xac dinh theo phuong phap thé tich thé chd
v6i dung mai 1a toluene. Mau muc c6 khdi luong 60 + 2 g, @6 4m nam trong khoang
tr 30,18% + 84% va kich thudc 10 mm x 10 mm X 6 mm, sau khi xac dinh dugc do
am ¢ mdi 1an thi nghiém mau muc duge cho vao binh dinh muc, sau d6 d6 hoa chat
toluene dén vach dinh mic cua binh. Dung can dién tir dé xac dinh khéi lugng binh
chaa hdn hop mau muc va toluene. Theo nghién ctu cua Yan va ctv (2008) thé tich

cuia mau dugc xac dinh bang cong thic (3.1).

Binh dinh mirc

Muc

Hinh 3.1. So' d6 b6 tri thi nghiém xdc dinh khéi heong riéng ciia mire
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M,-M,-M_
V=V - —— (3.1)
Pro
Trong do:

V, - thé tich cua muc (md)
M - khéi lugng tdng cua binh dinh muc, toluene va mau muc (g)
M - khéi lwong binh dinh muc (g)
M, - khéi lwong ctia mau muyc (g)
P - khéi luong riéng caa toluene (g/ml)
Vs - thé tich cta binh dinh muc (ml)

Khdi lugng riéng cua muc 6ng duoc tinh theo cong thirc sau:
Py =" (3.2)

= Két qua thi nghiém
Két qua thi nghiém cho thay khéi lwong riéng caa muc tai cac mic d6 am khac
nhau cé gié tri nam trong khoang tir 1037 dén 1221,7 kg/m?® (bang 3.1). Khoi lugng
riéng ciia myc giam khi do am cua muc tang.

Bang 3.1 So liéu thuc nghiém xac dinh khéi lwong riéng cia muc

S6 thi nghiém @ (%) pp (kg/m?3)
1 83,5 1037,0
2 79,95 1074,2
3 67,11 1098,5
4 61,79 1114,4
5 41,44 1205,4
6 30,18 1221,7

Dé biéu dién mdi quan hé giita khdi lugng riéng cua vat lidu sdy voi do am,
nhiéu tac gia (Lozano, 1983; Rahman, 2009) da sir dung phuong trinh (3.3) dé biéu
dién mdi quan hé nay. Do d6 phuong trinh (3.3) duoc dung dé dy doan khéi lugng

riéng ciia muc Oong tai cac mirc do am khac nhau.
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p=9-+hy+qexp(-ry) (3.3)

Ly £ AN At w NP ,
Trong d6: g, h, g la cac hang so phu thugc vao vat liéu; y=—, ., 1a @ am cia muc
Wy

(%) tai gia tri khao sat; @y, 1a d6 4m ban dau caa muc (%).
Dua trén cac s liéu thi nghiém, thyc hién phan tich hoi quy luén an thu duogc
phuong trinh hdi qui mé ta mdi quan hé gitra khéi lugng riéng va do 4m ctia myc nhur

Sau.

P, =2059— 71[@30}736 exp[O, 247 wﬂoj (R?=10,976) (3.4)

Biéu thuc (3.4) duoc sir dung dé tinh toan khéi luong riéng cia muc ong.
3.1.2. Xac dinh nhiét dung riéng cia muc

Nhiét dung riéng Cp (kJ/kgK) la lugng nhiét can thiét dé 1am nhiét d6 cia mot
don vi vat chat ting mot do. Theo Mohsenin (1980), nhiét dung riéng trung binh cua
vat mau trong thuc nghiém duoc tinh theo cong thic (3.5). Néu xem nhiét lugng that
thodt trong qu4 trinh thuc nghiém 1a khong déng ké va bo qua thi (3.5) tr¢ thanh (3.6).
Trong luan 4n nay, cong thire (3.6) duoc dung dé tinh nhiét dung riéng cia muc trong
qué trinh thi nghi¢m.

c - mC.. (t, —t,)+m,C, (t, —t,)
P m, (t,, —t,)

(3.5)

Cp _ mepw(to _te) (3.6)
m, (t, —t.)

Trong phuong trinh (3.6) ta ¢4 Cp, Cpw, Cpe 1an luot 1a nhiét dung riéng ciia mau muc
can do, nudc va binh chira mau (kJ/kgK); ms, mw, me lan luot 1a khdi lwgng cua mau
muc can do, nudc va binh chira am (g); te 1a nhiét d6 can bang cua hdn hop; to 1a nhiét

dd ctia nudc va binh chira 4m; tos 1a nhiét do ban dau ctia mau muyc.
Hinh 3.2 m6 ta so d6 bo tri thi nghiém dé do nhiét dung riéng cia muc 6ng.
Dung cu ding trong thi nghiém gdém binh dinh mtrc, binh chira mau c¢6 nip duoc 1am
bang vit liéu x6p va duoc gin dau cam bién nhiét ké dién tir c6 d6 chinh xac 12 +

0,01°C va dai do nhiét do trong khoang -50°C + 300°C (Digital thermometer PT
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3001) dong ho bam gidy, can dién tr ¢ do chinh xac + 0,01 g (HZ TP-A-300 g),
nhiét ké hong ngoai c6 khoang do -20 + 500°C, do chinh xac + 2% (Infrared
Thermometer Center 350).
= B} tri thi nghiém

Nhiét dung riéng cua muc duoc xac dinh bing phuong phap hdn hop. D6 150
ml nudc tinh khiét c6 nhiét do 3 + 4°C vao trong binh chira mau. Sir dung can dién
tir, can 40 g muc c6 d6 am tir 26,35% + 84%, ddng thoi sir dung nhiét ké hong ngoai
dé xac dinh nhiét d6 cua cdc miu muc tuong ung sau do dugc dua vao binh chura
mau. Quan sat su thay doi nhiét do caa hdn hop cho dén khi ¢ su can bang nhiét do.

MJi thi nghiém duoc tién hanh ba lan, két qua 1a gia tri trung binh cua ba lan thyc

nghiém.
Cam bién do nhiét do
PT100
“““ T Eaaaad«— Nip binh
LI €— Binh chwa mau
p’": Ry

Mau muc

Hinh 3.2. So do bé tri thi nghiém xac dinh nhiét dung riéng cua muyc
= Két qua thi nghiém

Bang 3.2 Nhiét dung riéng ciia muc tai cAc mire dd Am

S6 thi nghiém @ (%) Cp (kJ/kgK)
1 84 3,61
2 68,32 3,53
3 54,93 3,52
4 40,05 3,39
5 27,43 3,28
6 26,35 3,25
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Két qua xac dinh nhiét dung riéng ctia myc tai cac mac do am tir 26,35% dén
84% duoc trinh bay tai bang 3.2 va hinh 3.3. Két qua cho thiy nhiét dung riéng cta
muc tang khi do am trong vat liéu tang. Gia tri nhi¢t dung riéng cua muc nam trong
pham vi tir 3,25 + 3,61 (kJ/kgK), két qua nghién cttu cia Rahman (1993) ciing cho
thiy nhiét dung riéng ciia muc nam trong khoang 3,50 + 3,58 (kJ/kgK) véi do 4m cua
muc nam trong pham vi 79,61% dén 83,02%.

Thuc hién phan tich hoi quy trén phan mém SPSS, sau d6 kiém tra gia tri twong
quan, mirc y nghia, ta thu dugc phwong trinh hdi qui mé ta méi quan hé giira nhiét
dung riéng ctia muc va do am nhu (3.7), ddy ciing chinh 13 biéu thirc dugc dung dé

tinh toan trong cac phan tiép theo cuia luan an.

C, =3,113+0,006. (R*=0,976) (3.7)
g 38
=TI
o
g 36 .
ol 2
9 34 .
E.!J
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T 32
g
E 3 1 1 [] 1
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D6 4m cia vét lidu, %
Hinh 3.3 Nhiét dung riéng cua muc tai cac do am khdc nhau
3.2. Két qua xac dinh d9 am cin bang ciia muc
= BH tri thi nghiém

Bay loai mudi bdo hoa dugc sir dung dé tao moi truong ¢6 d6 4m twong ddi tir
11,10 + 80,27% (AOAC, 1997) (bang 3.3). CAc mau thi nghiém duoc dit trén ludi
trong cac binh hut am, phia dudi 1a dung dich mudi bao hoa (hinh 3.4). Céc binh hit
am duogc day nap kin va dat vao ti diéu khién nhiét do. Tién hanh thi nghiém tai ba
murc nhiét d6 30T, 40 °C va 50 °C. Pé tranh hu cho cac mau, chit bao quan potassium
sorbate di dugc sir dung cho cac mau cé do am tuong ddi 16n hon hodc béng 50%

(Magnesium Nitrate, Potassium lodide, Sodium Chloride, Potassium Bromide).
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Potassium sorbate duoc rai 1én mdi mau theo ti 16 5 mg/lg miu. Vi ti 16 ndy, chat

bao quan s& khong 1am anh hudng dén d6 am can bang cua san pham (Singh, 2006).

34— Pém kin

Mau muc

— Khay chira mau

|||||||'_|||||||<—Khaylu('yi

Dung dich mudi bio hoa

Mudi du
Hinh 3.4. So do bé tri thi nghiém xac dinh do am can bcing
Trong qua trinh thi nghiém, khéi lugng cta cdc miu duoc can sau hai ngay cho
dén khi khoi luong gitta hai 1an can lién tiép ¢ su sai khac it hon 0,01 g. Sau d6, cac
mau nay duoc dem di xac dinh do am. Do 4m cua cac mau duoc xac dinh béng phuong

phap ti siy. Po am can bang ciia myc duoc tinh theo cong thirc (3.8).

m

(m,-m,

0, = x100 (%) (3.8
a

Trong d6 biéu thirc (3.8) @, 12 46 4m céan bang, m,, 12 khéi luong ctia miu tai trang

thai dat d6 am cin bang; Ma 1a khdi lugng kho cta mau.

Bang 3.3. P§ am twong doi ciia mdi truong ng voi cac loai mudi bio hoa
tai cac mirc nhi€t do khac nhau (AOAC, 1997).

Mudi 30°C 40°C 50°C
Lithium chloride 11,28% 11,21% 11,10%
Potassium Fluoride 27,27% 22,68% 20,80%
Magnesium Chloride 32,44% 31,60% 30,54%
Magnesium Nitrate 51,40% 48,42% 45,44%
Potassium lodide 67,89% 66,09% 64,49%
Sodium Chloride 75,09% 74,68% 74,43%
Potassium Bromide 80,27% 79,43% 79,02%

= Céc phuong trinh toan hoc sir dung dé xac dinh d6 4m can bang
Nhiéu phuong trinh toan hoc da dugc phét trién dé mo ta ¢ am cén bang cla

céc loai thuc pham nhu: ca (Basu va ctv, 2006b), lta mach (Basunia va ctv, 2004),
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chubi (Phoungchandang va ctv, 2000), gao (Basunia va ctv, 2000). Céac nghién ctru
nay cho thay sy phu hop gitra cac phuong trinh Smith, Caurie, Modified Chung-Pfost,
Modified Halsey, Modified Henderson va phuong trinh Modified Oswin dé mé ta do
am can bang ctia san pham. Muoi hai phuong trinh toan hoc trinh bay dudi ddy duoc
sir dung dé mo ta mdi quan hé giira do 4m can bang o, cua muc 6ng va do am tuong
d6i cia moi trudng @ .

= Smith (Smith, 1947)

1/B
¢ =1—[%((2))] (3.9)
@, = A—BIn(Ll— @) (3.10)
= Caurie (Caurie, 1970)
p= )2 (3.11)
@, =exp(A+B.p) (3.12)
» Modified Halsey equation (MHAE) (Iglesias and Chirife, 1976):
@ =exp[-exp(A+BT)w, ] (3.13)
@, =[exp(A+BT)]"C (~Ingp) ¢ (3.14)
= Modified Henderson equation (MHEE) (Thompson et al., 1968):
@ =1—-exp[-A(T +B)(®,)"] (3.15)
., { ) }
" [-A(T+B) (3.16)

= Chung-Pfost equation (MCPE) (Pfost et al., 1976):
A
=exp| ———exp(-C.
¢ p{ T o we)}

(3.17)

@, = A—C.In[—(T + B).In(¢)] (3.18)
» Modified Oswin equation (MOSE) (Oswin, 1946):
1
Y (A+BT [ ,)'¢ +1 (3.19)
¢ C
=(A+BT)| —

@, = )El—qu (3.20)

Céc gia tri thuc nghiém va dy doan dugc so sanh va phan tich théng ké dé xac

dinh phuong trinh phu hop nhat, phuong trinh lya chon dya trén viée phan tich danh
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gia theo 3 tiéu chi: hé sd twong quan (R?), sai s6 binh phwong trung binh (RMSE) va
phan b chi binh phuong (7°). Chi sé R?cao nhat, RMSE (Root mean square error)

vay ’ thip nhit dugc str dung 1am tiéu chi cho su phi hop ciia mé hinh.

2 S N _VLT i .
P :§N = ) (3.21)

i(VTN _VLT )2
RMSE = yllT (3.22)

Trong do: v, - gia tri thi nghiém, v _ - gia tri 1y thuyét, N - s6 lugng thi nghiém
= Két qua
Sau 16 + 18 ngay, khi su thay doi trong lugng cta tat ca cac mau déu nho hon
0,019 thi durng thi nghiém. Gia tri d Am can béng ctia cac mau muc duoc trinh bay
trong bang 3.4 va hinh 3.5, cac két qua thuc nghiém ciing cho gia tri twong dong voi
cac két qua nghién cau cia tac gia Deng (2011) khi nghién ctru vé muc 6ng cit lat.

Bang 3.4. D0 am can bang cia muce ong tai cac mirc nhi€t d¢ khac nhau

Nhiét d °C o (%) w, (%, co 56 kho)
11,28 11,39
27,27 15,01
20 32,44 17,35
51,40 22,88
67,89 35,20
75,00 45,64
80,27 53,81
11,21 6,52
22,68 8,707
31,60 11,86
40 48,42 16,77
66,09 26,02
74,68 37,98
79,13 44,19
11,10 437
20,80 5,50
30,54 7,58
50 45,44 11,98
64,49 20,71
74,43 28,53
79,02 32,72
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Gia tri cua cac tham sd, sai s6 binh phwong trung binh RMSE, phan bd chi binh
phuong ¥? va hé s tuong quan R? ctia muoi hai phuong trinh dé xuét duoc trinh bay
trong bang 3.5. Két qua phén tich hdi quy phi tuyén cho thiy cac tiéu chi danh gia
cho hai trang thai d6 am can bang va d6 am twong ddi thu duoc véi phuong trinh
Modified Halsey, Modified Henderson, Modified Chung — Pfost va Modified Oswin
1a kha giéng nhau. Cac phuong trinh nay c6 hé sé twong quan R? cao, sai sb binh
phuong trung binh RMSE va phan bd chi binh phuong %2 thip. Cu thé R2 ¢6 gid tri tir
0,95 + 0,991, RMSE c6 gi4 tri nam trong khoang 0,05502 + 0,13801 va 2 c6 gia tri
tir 0,024939 + 0,128346. Do d0, cac phuong trinh nay ¢ thé dung dé dy doan d6 am
can bang cua muyc. Trong khi phuong trinh Smith, Caurie cho hé sb twong quan R?
thip va sai sd cao, vi vay khong phu hop dé du doan d6 4m can bang ctia muc.
Bang 3.5. Thong s6 hoi quy va gia tri tham so ciia c4c phwong trinh sir dung dé

mo ta do am can bang.

Phuong trinh - hams0 | ge e RMSE
Smith (Eq.(3.9)) 0,015 0,265 0,876 | 0,442737 | 0,087014
Caurie (Eq.(3.11)) -3,256 3,156 0,856 | 0,506941 | 0,093859
Modified Halsey (Eq.(3.13)) -0,8700 | -0.040 | 1,1920 | 0,985 | 0,063459 | 0,030079

Modified Henderson (Eq.(3.15)) | 0,1540 -7,628 | 1,1950 | 0,968 | 0,128346 | 0,044185
Modified Chung - Pfost

89,756 -5,291 6.4959 | 0,950 | 0,125402 | 0,055205

(Eq.(3.17))

Modified Oswin (Eq.(3.19)) 04100 | -0,005 | 0583 | 0,981 | 0,183736 | 0,049560
Smith (Eq.(3.10)) 0,026 | 0,250 0,866 | 0.263550 | 0,051639
Caurie (Eq.(3.12)) -3085 | 2,814 0,870 | 0,247851 | 0,052099
Modified Halsey (Eq.(3.14)) -1,383 | -0,029 | 1,267 | 0,991 | 0,024939 | 0,013801

Modified Henderson (Eq.(3.16)) | 0,110 0,528 1,133 | 0,972 | 0,115150 | 0,025198
Modified Chung - Pfost

(Eq.(3.18))
Modified Oswin (Eq.(3.20)) 0369 | -0,004 | 0592 | 0,988 | 0,061600 | 0,022765

0,705 -10,045 0,162 | 0,938 | 0,136660 | 0,035857

Két qua so sanh cac gia tri @, duoc du doan bang cic phuong trinh hdi qui
(phuong trinh (3.14), (3.16), (3.18) va (3.20)) vd&i gia tri thyc nghi€m tai cac mic
nhiét 6 30°C, 40°C va 50 C dugc biéu dién trén cac do thi hinh 3.5, 3.6 va 3.7. Két
qua cho thiy, trong pham vi d6 am tuong ddi tir 45,44 + 80,27%, sai s6 ctia phuong
trinh cia Modified Halsey 1a thap nhat, tiép dén 1a phuong trinh Modified Oswin,
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Modified Henderson va Modified Chung — Pfost. Bang 3.5 cho thiy phuong trinh
Modified Halsey c6 gia tri RMSE thap nhat, cu thé 1a 0,013801 cho «, va 0,030079

cho ¢ . Céc gia tri R? 1a cao hon so véi cac phuong trinh khac, 0,991 cho w,Va 0,985

cho ¢.
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Hinh 3.5. BJ am cdn bdng thuc nghiém tai mirc nhiét do khac nhau
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Hinh 3.8. Pé dm cin b(ing dw doan va thuc nghiém tai murc nhiét do 50°C

Tir cac két qua phan tich cho thiy phuong trinh Modified Halsey 1a phu hop

nhat dé du doan d6 am cin bang ciia muc 6ng, biéu thic (3.14a) duoc ching toi st

dung dé xac dinh d§ am can bang cia myc Ong trong cac phan ti€p theo cta luédn an.

o =exp[-exp(-0,870-0,040.T )@, ]
@, =[exp(-1,383-0,029.T )]1/1,267 (=In (0)-1/1,267 |

(3.13a)

(3.14a)
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Hinh 3.9. g dm cdn bang tai ba mire nhiét @6 30°C, 40°C va 50°C
Hinh 3.9 so sanh giita gia tri @, dugc du doan bang phuong trinh Modified
Halsey va gia tri thuc nghi¢m. Két qua cho théy dir li¢u thyc nghiém dugc phan tan
xung quanh cic duong cong du doan. Trong pham vi d6 am twong ddi tir 35 + 80,27%
cho két qua dy doan @, tét hon trong pham vi d6 am tuong d6i tir 10 + 35%.
3.3. Két qua xac dinh nhiét an héa hoi ciia muc
Cac nghién cau vé nhiét an hoa hoi cua vat liéu thuong duoc xac dinh dya vao
gia tri ¢6 am can bang cua vat liéu (Keum va ctv, 2005) va sir dung cong thirc cia
Gallaher (1951) dé xac dinh nhiét an hoa hoi ciia nuéc trong vat liéu 1a mot ham sb
phu thudc vao d6 am cua vat liéu.
L
=1+ A-exp(-B- ) (3.23)
fgo
Trong dé: hg, higo 1an luot 12 nhiét an héa hoi cta nuéc trong vat lidu va nhiét
an hoa hoi cua nuéc tu do.
htgo = (2502,2 — 2,386°T)
Trong d6: T 14 nhiét d6 cua vat lidu (°C), @ 1a do am vat liéu (%), A, B 1 cac

hé so cua mo hinh.
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Cac hé s6 A va B cua mé hinh duogc xac dinh trén co s¢ d6 4m can bing cua
muc (Modified Halsey equation). Gi4 tri ciia 4p suat bay hoi (Py) tai cac gia tri nhiét
d¢ khac nhau dugc xac dinh theo cong thirc cua Stanislaw va ctv (1998).

P=P.gp (3.24)

Trong d6: Ps 14 ap suat bay hoi bdo hoa (kPa), ¢ 1a do am tuong dbi cia moi
truong (%).

Quan hé giita d6 4m cén bang ctia myc dng va d6 am tuwong ddi ciia khong khi
duoc xac dinh theo cong thirc (3.13a va 3.14a) da dugc néu trong muc 3.2.

Moi quan hé giita 4p suat bay hoi Py, nhiét an hoa hoi ciia nudc trong vat lidu va
nudc tu do tai cung nhiét d6 duoc xac dinh theo cong thirc (3.25) (Yong va ctv, 1996).

Ian:hilnPs+C (3.25)
fgo
Trong do, C 1a hang sd.

Ty 1€ gitra nhi¢t an hoa hoi ctia nudc trong vat li¢u va nhiét an hoa hoi ctia nude
tu do My /Pigo tai cac gia tri do am khac nhau caa vat liéu c6 dang dudng cong logarit va
dugc xac dinh theo phuong trinh (3.23).

Str dung phan mém Matlab dé 1ap trinh va giai bai toan, két qua xac dinh dugc
c4c hé sb A va B clia phuong trinh (3.23) nhu sau: A = 0,5549 va B = 2,3115.

Nhu vay, nhiét an héa hoi caa muc 6ng dugc xac dinh theo phwong trinh (3.26).

h
1 —1+0,5549-exp(-2,3115- w) (3.26)

fgo
Quan h¢ gitra ty s6 nhiét 4n hoa hoi cta nude trong muc va nudce tu do phu thude
vao d6 4m cta myuc duogce trinh bay trén hinh 3.10.
Tir do thi trén hinh 3.10 cho thay khi d6 4m cua vat liéu cang thap thi nhiét 4n
hoa hoi ctia nudc trong vt lidu cang cao. Két qua nay 1a tuong dong voi cac két qua
d3 cong bd cua cac tac gia khi nghién ciru vé nhiét an hoa hoi cho cac loai nong san

thuc pham.
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Hinh 3.10. Nhiét an héa hoi ciia muee
3.4. Két qua xac dinh hé s6 khuéch tan am
Hé s6 khuéch tan hiéu qua Dm (M%s), 1a hé s6 c6 anh huong rat 1on dén qua
trinh khuéch tan 4m trong VLS, day la hé ) thuong dugc xac dinh tir thuc nghiém.
Qua trinh khuéch tan am tuan theo dinh luat Fick. Trong truong hop hé sé Dm 12 hing
s6 va khuéch tan 4m 1 chiéu, phuong trinh khuéch tan 4m c6 dang.

M _, &M (3.27)
ot " 87X

Nghiém ciia phwong trinh (3.27) dd dugc Crank (1975) giai v6i diéu kién bo

qua am tr¢ bén ngoai va trao doi chat dién ra ¢ ca 2 phia cua tam phang.

: 2
1 _ex |:—(2I +1)2Dm7r t:| (3.28)
45

Khi QTS dién ra du dai, tdc do giam am co thé dugc tinh nhu sau (Sacilik va
ctv, 2006; Scala va ctv, 2008):

_ 2
MR = M = %exp _ Dmﬂ; t (329)
M,-M, 7= 45

Cong thirc (3.29) ¢ thé biéu dién thu gon lai nhu sau:
MR =C.e ! (3.30)

Trong cong thirc (3.29), & 1a nira chiéu day vat liéu say.
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Theo s6 liéu thuc nghiém, xay dung do thi In(MR) va thoi gian sdy t s& tim dugc
hé s6 k chinh 1a hé sé goc cuia dudng thang trén dd thi In(MR) - t. Tir day suy ra dugc
gia tri cua Dn.

D, =-k 4—522 (3.31)
/4

bé danh gia sy anh hudng cua nhiét do dén hé sb Dm cac nha nghién ctru da dya

vao quan hé Arrhenius.

D _(T)= Aexp(—%j (3.32)

Trong phuong trinh 3.32 ¢6 AH 13 ning lugng khuéch tan am (kJ/mol), R 1a
hang s6 chat khi (kJ/kmol.K), T 1a nhiét d6 cua VLS (K), A 1a hé sé thyc nghiém.

Tai cac murc nhiét do thi nghi€ém khac nhau, s€ tinh dugc cac gia tri Dm theo
cong thirc (3.31). V& d6 thi ¢ dang In(Dm) va 1/T theo quan hé (3.32), tir d6 xac dinh
duoc gia tri A va AH tuong ng.

= Kétqua

Tir két qua thuc nghiém va ap dung phuong trinh (3.31), gié tri cia hé s6 khuéch
tan Am & nhiét do 40°C, 45T va 50 C dugc xac dinh 1an luot 13 1,9.10%, 2,1.10°%0,
3,2.1010,

0.5 -
Thoi gian (gidy)
0 & v v v v . . .
D 5000 10000 15000 20000 25000 30000 35000
-0.5 e Thre nghizm 50°C
— D doan 50°C
a4 » Thre Nzhizm 45°C
= —Du doin 45C
€ 154 4 Thue nzhiém 40°C
3 —Du doan40°C
2.5 4
-3 4
3 = A

Hinh 3.11. Quan hé Ln (MR) va thoi gian sdy giika thie nghiém va 1y thuyét
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Tir cac gid tri thyc nghiém tai cic nhiét d6 khac nhau ching tdi tim dugc hé sb
khuéch tan 4m Dm phu thudc vao nhiét do co dang (3.33).

~ 42810,909
8,314.(T +273,15)

D, (T)=2,521.10" exp{ (3.33)

3.5. Két qua xay duwng mé hinh toan truyén nhiét truyén am
3.5.1. Xay dung mé6 hinh toan

M6 hinh qué trinh truyén nhiét truyén 4m bén trong budng siy bang phuong
phap say bom nhiét c6 sy hd trg ciia birc xa hong ngoai duoc trinh bay trong hinh
3.12. Muyc 6ng & dang tAm phing c6 bé day 28, duoc dit trén khay 1am bang ludi tir
vat liéu thép khong ri. TNS co6 nhiét do Ta, do am (a vVa van tbc v. Buc xa héng ngoai
6 bude song 1a A, ngudn phat hong ngoai c6 cong suat P duoc dat & phia trén va phia
dudi cua lop VLS.

Ngudn phat song hdng ngoai

- Cong suét phat P

- Buéc song A

TN

—
S — Phan tir vo
Téc nhan say: cung nho

-Nhigtdo Tq —*
. —

-béam @,
o —

- Van toc v

—
—

EERRARERERAR

Ngudn phat song hdng ngoai
- Cong suit phat P

- Bude song A
Hinh 3.12. So' d6 md ta md hinh vat Iy qua trinh sdy muc
CA4c gia thuyét khi xay dwng mé hinh toan hoc
- Vit lidu sdy la dong chat va dang hudng, khong c6 phan mg hoa hoc trong

QTS, khong c6 ngudn sinh nhiét bén trong.
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- Truyén nhiét va truyén chét bén trong VLS duoc xem 1a mot chiéu theo phuong
x (hinh 3.13).

- Su phan b nhiét d6 va d6 4m ban dau cua VLS 1a dong nhat.

- Muc 6ng duoc xem 1 nhimng vat liéu xam

- Thét thoat nhiét ra méi trudng bén ngoai 1a khong dang ké.

- Theo nghién ctru tac gia Deng va ctv (2011), khi sdy muc & cac phuong phép
va ché d6 say khac nhau thi d6 co ngét ctia VLS déu nho hon 15%. Do d6 trong luan
an nay, dé don gian hon cho qué trinh nghién ctru mé hinh ton, thé tich va hinh dang
ctia muc duoc coi 1a khong thay do6i trong QTS.

- Dong dich chuyén 4m bén trong VLS ¢ dang hoi ¢6 anh hudng dén dong nhiét.

Qua trinh siy 1a qua trinh VLS nhan ning luvong ma chu yéu 1a nhiét ning tur
mot ngudn nhiét ndo d6 dé am tir trong 1ong dich chuyén ra bé mat va di vao TNS.
Do d6, QTS 1a qua trinh truyén nhiét va truyén am xay ra dong thoi. Qué trinh TNTA
x4y ra ca ¢ bén trong long VLS va gitta bé mit VLS véi méi trudng TNS. Bén trong
long VLS, qué trinh d6 dugc goi 13 qua trinh din nhiét va khuéch tan 4m hén hop.
Trao d6i nhiét - 4m gitta bé mit VLS voi moi truong TNS 14 qua trinh trao dbi nhiét
- am ddi luu lién hop. Vi vay khi phan tich bai toan TNTA trong QTS phai bao gom
bai toan TNTA bén trong va bén ngoai VLS (Tran Vian Phua, 2002; Hoang Vin Chudc,
1999).

Khi nghién ctru qué trinh TNTA can phai xem xét dén cac yéu t6 anh huong cia
din nhiét dén khuéch tan 4m va nguoc lai. Trong QTS, muc ti€u la cép nhiét dé tao
ra dong dich chuyén 4m nén can xét dén anh hudng ciia dong dich chuyén am dén

dong nhiét.
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Hinh 3.13. M@ hinh tém phang cia VLS
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So d6 truyén nhiét khi siy muc 6ng bang phwong phap sdy bom nhiét két hop
hdng ngoai duoc trinh bay nhu hinh 3.14.

Ngudn hong ngoai

Buc xa
Vach ll [ﬂ /h()ng ngoai
buong say | - ]
A 4
~ Déi luu 4
4 A&
Khay Luoi
v v v . I v v vy v Y
A A A\Maﬁk mu?\ Say, A A /
I Péiiluu 3
o TNS > ¥
¥ ~| Vach
V_] v buong say
I I

Ngudn hong ngoai
Hinh 3.14. So do truyén nhiét khi sdy muc
Nguyén 1y say bom nhiét két hop gia nhiét bang burc xa hong ngoai 1a su két
hop giita sdy bang TNS va gia nhiét dong thoi bang birc xa hong ngoai. Trong do,
TNS sau khi di qua hé thong bom nhiét s& c6 nhiét d6, d6 am va toc do xac dinh dugc
trao d6i nhiét, trao d6i chat voi VLS trong budng siy. Bén canh d6 muc éng duoc gia
nhiét bang birc xa hdng ngoai trén toan bo thé tich ciia VLS. Su két hop nay s& giup
cho qué trinh TNTA dién ra nhanh hon trong d6 sy anh hudng qua lai giira truyén
nhiét va truyén am ciing thé hién rd hon.

a) Thanh lap phwong trinh truyén nhiét
Qua trinh truyén nhiét bao gém dan nhiét bén trong vat li€u va trao ddi nhiét
giita bé mat vat liéu va TNS bang ddi luu, dong nhiét tir ngudn birc xa hong ngoai

truyén dén VLS duoc VLS hip thy trong toan bo thé tich.
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Hinh 3.15. Can bang nhiét trong mot phan tir vo cung nho
C6 thé xem rang, vat liéu sdy dugc ciu tao tir nhiéu phan tir vo cung nho nhu
(hinh 3.15). Dya trén dinh luat bao toan ning lwong ta c6 phuong trinh can bang nhiét
cho phan t6 v6 cling nho cua vat liéu sy duoc viét nhu sau:
Z Egen = Z En— Z Eou (3.34)
Q =Q +Q, +Qpr — Qi (3.35)
Trong do:
- @, V& @, lanhiét lwong vao va ra cia phan t6 tai vi tri x va x+dx, dugc tinh

theo dinh luat Fourier nhu sau.

oT
Q, =—k, o dydz (3.36)
or o oT
=Q, +dQ, =[-k —+—| -k, — |dx]dydz
Qx+dx Qx Qx [ an 8X( paxj ]y (337)

- Q. 14 nhiét lugng can thiét cap cho am bién d6i pha tir 1ong thanh hoi trong
VLS.

Nhiéu tac gia khi nghién ctru hién twong TNTA trong QTS thudng khong xét
dén anh hudng ciia d6 am dén hién tugng din nhiét (Meeso, 2007). Tuy nhién, trong
QTS, muc dich chinh 1a cip nhiét ¢é am trong vt liéu bién doi pha tir 1ong thanh hoi
va tao ra dong khuéch tdn am tir trong 10ng VLS ra bé mit bién va tai bién sé& xay ra
qua trinh trao d6i nhiét - am ddi luu giita cac phan t6 thudc bién va TNS. Vi vay trong

phuong trinh truyén nhiét mot sb tac gia di xét dén hién twong khuéch tan 4m anh
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huong dén trudng nhiét d6, két qua cho thdy mé hinh toan khi xét dén hién twrong nay
¢4 do chinh xac tot hon (Truong Minh Théng, 2014). Trong luan an nay, VLS la myc
ong co d6 4am ban dau khoang 84% nén anh hudng cua dong am dén hién twong dan
nhiét 1a 16n va can dugc xem xét, do d6 trong phwong trinh truyén nhiét chung t6i xét
dén hién twong khuéch tan 4m anh hudng dén truong nhiét do thong qua nhiét luong
can thiét cip cho am bién d6i pha tir 1dng thanh hoi trong VLS @, va dugc tinh theo
biéu thuc (3.38).

Q. =hy o, S decydz (3.38)

Trong phuong trinh (3.38) 6 htg (kJ/Kg), p, (kg/m), M (kg am/kg VLK) lan luot
la nhiét n héa hoi cua nude, khodi lugng riéng cua vat liéu kho va am d6 cua vt liéu.

- Q,.; la nang luong hap thu tir btrc xa hong ngoai, W

Qs = Oz dxdydz (3.39)
Theo 1y thuyét ctia Sandu (1986), birc xa hong ngoai tir bd phat s& tiép xuc vao
bé mat va tham thau vao VLS véi chiéu sau tir 3 + 4 mm (Ginzburg, 1969; Nindo,
1995) nhu thé hién trong hinh 3.14. Nhu vy ning luong biic xa clia song hong ngoai
truyén dén bé mat VLS, trong vung tham thiu ctia birc xa song hong ngoai VLS duoc
hap thy birc xa nhiét tir song hong ngoai. Trong nghién ctru ndy, muc ong duoc lya
chon ¢6 chiéu day tir 6 £ 0,5 mm, do do6 ¢o thé xem toan bd thé tich cua muc 6ng
duoc hap thu btc xa tir song hong ngoai. Ngudn ning luong duoc tao ra dudi dang
hap thu nhiét luong tir birc xa hong ngoai di dugc cac tac gia bd sung vao trong
phuong trinh truyén nhiét nhu céng trinh nghién ctiru ctia Meeso va ctv (2007), nghién
ctru cia Swasdisev va ctv (2008).
- @, 12 @9 bién thién noi nang trong phan t6 sau khoang thoi gian dt va dugc tinh
theo cong thec.

Q, =C,p, S dxdydz (3.40)

Thay thé cac phuong trinh tir (3.36) + (3.40) vao (3.35), tacd phuong trinh truyén

nhiét dugc viét nhu sau.
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C.o, % dxdydz = -k, 88_1 dydz +hg, o, %dxdydz

p

oT o oT (3.41)
+0,rdxdydz —{[-k ™ + &[—kp &j dx]dydz}
Rut gon phuong trinh (3.41) ta dugc:
oT o°T oM
ppCpE: kp y_'_?hfgpk + QiR (342)

b) Phwong trinh truyén am

Theo A.V LuiKov thi gradient nhiét d6 s& gy nén sy khuéch tan 4m trong vat
thé. Tuy nhién, véi VLS 1a muc dng nhay nhiét do d6 phai sy ¢ nhiét do thap dé dam
bao dugc thanh phan chat dinh dudng va mau sic ctia san pham. Trong luan 4n ching
t6i lyra chon ba murc nhiét d6 sdy thuc nghiém 1a 40°C, 45°C va 50°C dé kiém ching,
phan tich va chon ra ché do nhiét d6 siy thich hop nhét. Vi vay anh huong cua dong
nhiét dén qua trinh khuéch tan 4m 1a khong dang ké, do d6 trong phuong trinh truyén
am chung t61 bo qua anh hudng ctia dong nhiét dén khuéch tan Am. Phuong trinh nay

c¢6 dang (Tran Vin Phu, 2002):

M _ M (3.43)
ot ™ ox?

Trong d6 D 13 hé s6 khuéch tan am (m%s)
c) Piéu kién don tri dé giai bai toan TNTA
Pé giai duge hé phuong trinh TNTA (3.42, 3.43) can phai xac dinh duoc diéu
kién ban dau, diéu kién bién phu hop vdi timg phuong phap sdy va ting diéu kién cu
thé ctia bai toan tng dung.
Piéu kién ban dau
Nhiét d6 va do chira am dong nhat, tai thoi diém ban dau (t = 0) nhiét do va do

chtra 4m ciia VLS 1a dong nhat.

T(x,0)=T,; M(x,0)=M, (3.44)
Piéu kién ddi ximg
T M
al o M (3.45)
aX x=0 8x x=0

Diéu kién bién vé truyén nhiét
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Qua trinh trao d6i nhiét tai bé mit ciia VLS theo phuong x bao gdm cac qué
trinh dan nhiét, trao d6i nhiét d6i lwu giita cic phan tir bé mat va TNS, trao doi nhiét
do qué trinh nudc trong vat liéu bdc hoi ra méi truong. Ap dung phuong trinh bao
toan nang luong tai mat bién cua VLS, ta c6 phuong trinh (3.46).

oT
XEﬁ__ p&

(3.46)

qISFR + hc (Ta _TS)XE(S _hfgpkhm (Ms - Me)

X=0

Trong do:

q:.. - nang lugng birc xa hap thu qua bé mit VLS (W/m?)

M, - do chira am can bang cua VLS (kg am/kg VLK)

M, - d6 chtra am 16p bé mit ctia VLS (kg am/kg VLK))

h, - hé sb trao di nhiét d6i luu (W/m?K)

h_ - hé s6 trao doi chat dbi luu (m/s)

h, - hé sO nhiét 4n hoa hoi ctia nudc trong vat lieu (kJ/kg)

T, - nhiét do cua TNS (°C)

T_ - nhi¢t do bé mit ctia VLS (°C)

Diéu kién bién vé truyén Am

Qua trinh trao d6i chat tai bé mat ciia VLS theo phuong x bao gdm céc qua trinh

trao doi chat gitra VLS va mai truong. Ap dung bao toan am tai bé mat cia VLS ta
€O phuong trinh (3.47)

m
" aX X=0

- —h, (M, -M,) (3.47)

X=0

Céc phuong trinh (3.42, 3.43, 3.46, 3.47) md ta qua trinh truyén nhiét - truyén
am trong QTS. Loi giai ciia hé phuong trinh s& gitp xac dinh duoc nhiét do va do 4m
cua muyc trong toan bo QTS.

3.5.2. Xdc dinh niing lwong ciia b phat hdng ngoai (IFR)
3.5.2.1. Yéu t6 vi tri
Trong trao d6i nhiét birc xa, ning lwong hap thu phu thudc vao hudng cua cac

bé mit ciing nhu cac dic tinh vat liéu va nhiét 4o birc xa. Theo Ozisik (1985), yéu t6
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vi trf nhu hudng trao d6i nhiét birc xa va khoang cach dit gitta bé mit ngudén hong

ngoai va bé mat myc dugc xac dinh nhu sau:

Mo e Wi ) Vv ey (3.48)

Trong do:

Wy W

=5 "D
Véi: Wi - chiéu rong nguon phat hong ngoai (m)
W - chiéu dai ngudn phat hdng ngoai (m)
D - khoang cach tir VLS dén ngudn phat hong ngoai (m)
3.5.2.2. Sw phén bo niing hrong do birc xa dén bé mit vat liéu siy
Thiét bi séy c6 thé duge xem 1a mot hé théng ba mat gff)m bé mat tir nguén
phat hong ngoai (H), bé mat thanh budng siy (C) va bé mit VLS (SQ). Theo Holman
(2009), viéc truyén biic xa trong budng siy cé thé duoc coi 1a song song giita hai bé
mit ngudn hong ngoai va bé mat VLS, tir d6 ning lugng birc xa tir ngudn hong ngoai

dén bé mit VLS duoc xac dinh nhu sau:

T4 _T4
Q = o(Ter —T5) _ (3.49)
Loy I AF, .+ ! + Lt
AHSH e (1/AH I:H-C ) + (1/Asq FSQ-C ) Asqgsq

Trong do:
Qr - nang luwong birc xa tir ngudén hong ngoai dén bé mat VLS (W).
Ay - dién tich budng siy (m?)
Agq - dién tich muc sdy (m?)
s, - Né s6 do phat xa clia vat liéu budng sdy, ., —0,0 (Meeso, 2007)
&,,- N& 0 do phat xa cua VLS, . —o,s(Hui, 2005)
F, .- ty 1€ nang luong tur bé mit ngudn dén bé mit budng siy
F. s v 1€ ndng luong tur bé mit ngudn dén bé mit VLS

Foo o - 1y 1€ ning lugng tur bé mit muc dén bé mit budng siy
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3.5.2.3. Niing lwong hip thu
Mot sd tac gia da xac dinh nhiét ndng tao ra dudi dang nhiét hép thu tr VLS
theo dinh luat Lambert-Beer (Pan va ctv, 2011) nhu c6ng trinh nghién clru cta
(Holman, 1990; Meeso va ctv, 2007; Kowalski va ctv, 2013). Trong luan an nay, nhiét
nang hap thu tir buc xa séng hong ngoai duoc tinh theo cong thuc (3.50)
Qi =Qe ™ (3.50)
Trong do:
O - hé sb hap thu
Q,aFR’i - nang luong hép thu tur burc xa héng ngoai tai 16p thir i cua vat liéu séy.
Hé s6 hap thy duoc tinh thdng qua méi quan hé giira hé s6 d6 phat xa ciia vat
liéu budng sdy, hé s do phat xa ctia VLS va hé sé hinh déng giita b phat hong ngoai
va vat VLS (Jaturonglumlert va ctv, 2010). Trong nghién ctru nay, hé sé hap thu duoc
dugc tinh theo cong thuc (3.51).

o =&y .£q-Fy s0-Fso n (351)
Ning luong hap thy trén mot don vi thé tich (0 ) trong cong thire (3.42) va

nang luong hép thu trén mot don vi dién tich tai bé mat VLS (9 fFR) trong cong thirc

(3.46) dugc tinh nhu sau:
Q.
Qier = {;R' (3.52)
s Qa i
Qg = ';\R' (3.53)

3.5.3. Xéc dinh hé so6 trao doi nhiét d6i luu he va hé so trao doi chat doi luu hm,.
% He sb trao ddi nhiét ddi heu hc

Hé s6 trao ddi nhiét ddi luwu 1a dai lugng dac trung cho cudong dd trao ddi nhiét
gitta TNS va VLS. Xac dinh hai dai lugng ndy c6 thé str dung 1y thuyét dong dang
(Hoang Binh Tin, 2001; Holman, 2009) hoac thyc nghiém, ban thuyc nghiém. Trong
luan 4n nay, hé s trao d6i nhiét d6i luu duoc xac dinh bang phuong phap dong dang

d6i véi truong hop truyén nhiét dbi luu tam phang (Jaturonglumlert, 2010). Hé sb d6i
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lru thudng dugce tinh thong qua tiéu chuan dong dang Nusselt dua vao gia tri cia hé
s6 Reynold (Rer). Pdi voi bai toan truyén nhiét dbi luu dang tim phang thi hé s6 Rer
duoc tinh nhu sau:

p,-V.L

Re, = (3.54)
Ha

Dbi v6i myc dng, L 14 chiéu dai ciia myc va c6 gia tri ndm trong khoang 240 +
260 mm, v 13 van tdc tac nhan sdy va co gia tri ndm trong khoang 0,3 + 2 m/s, TNS
nam trong khoang 0 + 70°C, ta c6 ReL ¢c6 gié tri nam trong khoang 4.,2.10°% + 3,1.10%.
Khi ReL < 5.10°, tai vi tri bat ky theo phuong chiéu dai tim phéang theo chiéu chuyén

dong ctia moi chét, gia tri tiéu chuan déng dang Nusselt dugc xac dinh nhu sau:

Nu, =0,332Re}* Pr** voi  Pr>0,6 (3.55)
Gia tri Nu trung binh xét trén toan bo chiéu dai tim phang L:
Nu = 2Nu, = 0,664 Rel? pr? (3.56)
h.L Nuk
Véi Nu=-==h, === (3.57)

a

Tir d6 hé sd trao d6i nhiét d6i luu dugc tinh theo phuong trinh sau:
h, = 0,664 Re? Pr¥ kf (3.58)
Trong do:

#,C,
K

a

Tiéu chuan dong dang Prandtl: Pr= (3.59)

Trong diéu kién thoi tiét & Viét Nam va véi nhiét d6 va d6 am twong ddi cua

TNS nam trong khoang 0 + 70°C va 25 + 40%, cac thong so nhiét - vat Iy cua khong
khi dugc xac dinh nhu sau (Bialobrzewski, 2008).

v Khéi luong riéng (kg/m®)

P, = -3,510101.10°T° + 1,583983.10°T* - 4,699520.10°T + 1,292136 (3.60)
v' D0 nhét dong luc hoc (kg/m.s)

1, =1,767676.10°T°-5,5411255T% + 4,983297.10°T + 17,196428.10° (3.61)
v' Hé sé dan nhiét (W/(m.K)).
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k, = 6,818181.10"°T°-1,474026.10"T% + 8,029113.10°T + 0,024084 (3.62)
v" Nhiét dung riéng cua khéng khi (J/kgK)
C, = 1,00926.10° — 4,0403.10°T + 6,1759.10"T%— 4,097.10"T° (3.63)

v' Hé s khuéch tan cua hoi am vao khong khi (m%s).

D, =1,87.10% (T+273)"" (3.64)
p
< Xac dinh h¢ s6 trao d6i chat hm
Trong ludn an nay, dbi tuong sdy 1a myc dng di so ché c6 chiéu day 1a 25 duoc
dat trén khay ludi nam trong budng say, TNS s& di song song trén hai bé mat muc.
Néu tc do trao ddi chat thap, khuéch tan bang dong am d6i luu tai bé mit va dong
am nay khong anh hudong dén téc d6 ciia TNS thi ¢ thé xem trao d6i chat dbi luu
tuong tu nhu trao d6i nhiét di lwu. Trong trudng hop d6 nhiéu tac gia di xac dinh hé
s6 trao ddi chét ddi luu théng qua 1y thuyét dong dang caa Chilton-Colburn hodc c6
thay tiéu chuan Nusselt trong phuong trinh (3.55) bang tiéu chuan Shewood
Sh = % thay tiéu tudn Pr bing tiéu chuan Schmidt (Jaturonglumlert, 2010).

a

Sh= ZShy =0,664 Re]i2 Sct® suy ra , =0,664Re!> Sc'? % (3.65)

Trong do:

My
p.D,

Tiéu chuan dong dang Schmidt: SC=

3.6. Két qua giai hé phwong trinh truyén nhiét truyén am

Hé phuong trinh truyén nhiét, truyén am (3.42, 3.43) 1a phuong trinh dao ham
riéng co cac diéu kién don trj (3.44, 3.45, 3.46, 3.47). Khi giai cac phuong trinh nay
bang phuong phép giai tich gap nhiéu khé khan, vi vay nhiéu tac gia d¢a chon phuong
phap sb dé giai phwong trinh TNTA (Truong Minh Théng, 2014; Meeso, 2007).
Trong luan 4n nay ching t6i st dung phuong phép sai phan hiru han dé chuyén hé

phuong trinh TNTA sang dang sai phan, sau d6 phuong phdp ma tran nghich dao
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dugc dung két hop véi 1ap trinh may tinh dé tim nghiém, luu d6 thuat giai dugc trinh
bay trén hinh 3.17.

AX

z

&

11
%

&

2

=

&

Hinh 3.16. Buéc chia sai phdn cho nita bé day 16p VLS
Dé giai cac phuong trinh TNTA, tac gia chia nira bé day § VLS dang tim phang
ra thanh N; (i = 6) khoang cach déu Ax, cac phan tir tinh toan bén trong VLS duoc lay

bang Ax, cac phan tir tai bién va tdm co chiéu day bang %. Nhu vy c6 Ni + 1 phan

tir trong ntra bé day muc say, do ngudn phat hong ngoai dugc dit d6i xiang trén hai
bé mat ciia VLS. Vi vay qué trinh tinh toan chi can tinh cho nira chiéu day VLS tuong
ting v&i Ny + 1 phan tir.

3.6.1. Thiét 1ap hé phwong trinh sai phan va thuat toan giai

3.6.1.1. Phwong trinh sai phan truyén nhiét

a) Phuwong trinh sai phin cho cdc phén tir bén trong VLS: in =1+ (c—1)

m Tirrln B _Tirrln m (Tir:njl1 - 2Tirrln " +Ti§l+11) m M ir:ﬂ -M i’:
P Coonay) AL (AX"Y? +hig o4 — a7 Jier (3.66)
Nhan hai vé ctia phuong trinh trén cho S — 1 ta dugc:

Pomiy)~pM;,)
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in in_ _ p (T-m+1 —2T-m+l +T-m+1)
m my2 in-1 in in+1
At Poy Com,y (AXT) (367)
_ hfn;pk (M™ M ™)+ _ Airr
Poun) C oo, AL Pon) C o)
k" ht p
Dét I:rm: m 1m ! m: m pm ia:]:Cmfg km
PonCom) ComnP U
Phuong trinh (3.67) duoc viét lai nhu sau:
_T‘::{ w7 }”‘:M & ' (A2 i }T‘“m:l{matmf } M {H
X X X
(Ax7) (3.68)
1 al’
=T" | — [-M"| = |+F"
in |:At} in |:At:| r qIFR
b) Phwong trinh sai phin cho phan tir tai bé mit VLS: in=s
Tai bé mat VLS, ta c¢6 in =s, phuong trinh (3.68) duoc viét lai nhu sau:
m 2 m m m
—Tﬁ:{ o }T;“” & o }—T:ﬂf[ o } -mp {%}
X X X
(Ax7) (3.69)

1 a
=T = |-M"| = |+F"
S |:At} S|:At:| rqIFR

Trong phuong trinh (3.69), T dugc lay tir phuong trinh diéu kién bién tai bé
mat VLS viét dudi dang sai phan:

(T m+l TST1+1 )

s W (T T ) h™h™ M™ M ™) = _k s+1 3.70
qIFR+ c ( a s ) fg mpk( s e ) p 2AXm ( )
Suy ra:
TsTfl = 28 qISFR + 28 hgn (Tam+l _Tsm+l)_% hmhnTpk (M?H - M;n+l)+TsTIl (371)
kp kp kp °

Thay phuong trinh (3.71) vao phuong trinh (3.69), sau khi rat gon ta dugc:

_-l-sm+1 hL + 1 i 1 +-|-lm+1 1 + M:Hl I:asm _ anr:]:| _ _-I-am+1 hL
k.~ Ax" 2F" AX" k

p p

(3.72)
_Tsm|: . :|_Mén+l[arrnn]+M;n[a?]_Q|FRAX_Q|SFR|: . :l

2F" 2k,
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kIAt
m

hghwpe o _ AX7higp e
T 2kyAt ComnP,,, AX

Trong do: a” :fgk—m, a
p

¢) Phwong trinh sai phan cho phéan tir ¢ tim: in =c

Tai bé tdm VLS, ta ¢ in = ¢, phuong trinh (3.68) duoc viét lai nhu sau:

m 24m m ] m
_TCT :-Ll—l a'[ > + Tcm +1 i + a;[n ~ |- TCT ]-*—1 a'[m = |- M :H—l a_e
(AX™) At (AX™) (AX™)" | At

1] a"
=T = =M =
c I:At_ c |:Atj| rqIFR

Trong phuong trinh (3.73), T/} " duoc lay tir phwong trinh diéu kién bién tai tim

(3.73)

VLS viét duéi dang sai phan:

m+1 m+1

. T
(i —Ta) =0T =T (3.74)

Thay phuong trinh (3.74) vao phuong trinh (3.73), sau khi rat gon ta dugc:

hm
_TcTIrl [ 2m } —}_Tchrl |:im + imjl - Mcm+l % = Tcm ‘:imjl
AX AX"F F'Com,) F

o (3.75)
m AX
- Mc % e T
FeCom Ky
, k_At
Trong do: F=—"—
ComPAX
3.6.1.2. H¢ phwong trinh sai phan truyén am
a) Phuong trinh sai phan cho cic phan tir bén trong VLS: in =1+ (c —1)
Phuong trinh truyén am (3.43) dugc viét dudi dang sai phan nhu sau:
m+1 m + + +
(Mi“ _Mi“):Dm M —2Mg™ + M (3.76)

At M (AX™)?

Sau khi rat gon ta duoc:

1 DﬂT 1 1 ZDFr: m+1 DﬂT m 1
MR s MY e | =M e = M — (3.77)
(Ax™) At (AX™) (AX™) At

b) Phuong trinh sai phan cho phin tir tai bé mit VLS: in=s




65

Tai bé mit VLS, ta c6 in = s, phwong trinh (3.77) dugc viét lai nhu sau:

m+1 Dfrnn m+1 1 ZDHT m+1 Dfrnn m 1
-MM b M T M e =M (3.78)
(AX™) At (AX™) (AX™) At

m+.

Trong phuong trinh (3.78), Ms,ll dugc 1dy tir phwong trinh diéu kién bién tai

bé mat VLS viét dudi dang sai phan:

M rT_:—+l _ M m_+1

_Dm ( ] 12Axm s-1 ) _ h;nn (MénJrl _ Mstrl) (379)
. hm m

Suy ra: M™t = Zm%(M:‘*l —MM )M (3.80)

m

Thay phuong trinh (3.80) vao phuong trinh (3.79), sau khi rut gon ta dugc:

D" m D" m

M ey BT | T || AT gy (381
AX™  2At AX" 2At

¢) Phuong trinh sai phan cho phan tir ¢ tAm: in =c

Tai bé tim VLS, ta ¢6 in = c, phuong trinh (3.77) duoc viét lai nhu sau:

m+1 Dfrnn m+1 1 ZDHT m+1 Dfr“n m 1
-M.7 S [+ M| =t —5 |- M —— =M/ | — (3.82)
(Ax™) At (AX™) (AX™) At

Trong phuong trinh (3.82), Mcmf duoc lay tir phwong trinh diéu kién bién tai

tam VLS viét dudi dang sai phan:

M .m+1 _ M _m+1
(M 2. 0= M™M= MM (3.83)
2AX

Thay phuong trinh (3.83) vao phuong trinh (3.82), sau khi rat gon ta dugc:

m+1 2Dfr: m+1 l 2Df:‘ln m l
-M s +M —+—— =M | — (3.84)
(AX™) At (AX™) At

Nhu vy, ta s& thiét 1ap dugc hé phwong trinh sai phan gém 14 phwong trinh,

tuong Gmg voi 7 phan tir cAn xac dinh nhiét do va do chira 4m tai mot thoi diém bat

ky. Ttr d6 viét lai hé gdm 14 phuong trinh dudi dang ma tran c6 dang nhu sau:
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A1) Araer)  Bmao) Apr(te) T, ] e ]
oy Breasy  Bweo o Bwaean | |
= (3.85)
M C
_aT(n+l,O) aT(n+1,n+1) aM(n+1,0) aM(n+1,n+1) ]k (D 1 L7 |

Véi ar 13 cac gia tri hé s6 c6 mat trong phwong trinh tinh nhiét 46, am 1a cac gia
tri hé s6 co6 mit trong cac phuong trinh dd 4m va cn 14 cac hang sé.

Giai hé phuong trinh 3.85 bang phuong phap ma tran nghich dao (Trinh Vin
Quang, 2009) s& cho nghiém 14 cac gia tri nhiét do va do am tai timg thoi diém bt

ky. QU4 trinh tinh toan s€ dung lai khi d6 chénh gia tri d6 chira am trung binh a7~
giita 2 budc thoi gian lién tiép nhau d nho (AM " <107 ) . Trong d6 d6 chtra 4m trung

th —

binh thé tich VLS tai thoi diém “m” dugc tinh bang:

N,
Z ‘/imMim

N.\
2V
Nhiét d trung binh theo thé tich VLS tai thoi diém “m” s& dugc tinh twong tu

theo:

oo (3.87)

Hé phuong trinh TNTA véi 7 phan tir cho ntra bé day tim muc c6 dang nhu sau
(3.88):

T M, 2 +T,™ L M el —a) |=-T,™ e - L
k, AX™ 2F" AX" k 2F"

p p

m+ m mqm S 1
-M, 1[am:|+Ms a5 — Qier AX — Qg
2k,

m+. am m 1 m am m
-M; 1[?1 =T, [E}_Ml {A_e;}' Fr1 Qirr

m

m 2 m
_Tsm+1[ a‘1 - :l + T1m+1 [i + atl > ] _T2m+1[ a[1 >
(AX™) At (AX™) (AX™)




_ n 9 m m am m
_Tm+1 atz -|-Tm+1 l-l- at2 _Tm+1 atz N ML B =Tm i _Mm % -I'qu
\ . ) > 3 > ) 9 2 r, 1IFR,2
_ n - 24" m a" a"
-, i =+ T 1 &2 - i 7|~ Mg = :T?'m{i}_Mén —~ |+ F Giens
(AX™) At (AX™) (Ax™) t At Aty
S - m m m a
T il =+ T e e i 7 | =T {i}_MT |+ e
_ m - 2a" m a" a"
- i = |+ T 1, % 7 |-T i s |-Mg = =T {i}Msm ~ |+ Fe Gieas
(") At (ax7) (") t] LAt J
hr hig
o el P R P R e R e
AX A" F FCom,y F R Com, %
R o L. DY Ax "
—M m+1 hm + ms " m-+1 M = —M m_—_ — M m+l hm '
T A 24t } l LAxmj 5[2 t ] ) o
D" (1 20" | - D) ]
—Msmﬂ m, 2 +M1m+l i-l— "112 _Mzrn+l m . :Mlm i
(AX") At (AXT) (ax) At
D" (1 20" ] - D) ]
_Mlm+1 :12 : +M2m+1 i-l—% —M;Hl ':12 > =M2m i
(AX") At (AX™) (Ax™) At |
D" (1 20" ] - Df ]
_M2m+1 m, . +M3m+l i"‘ m32 _Mzrlml my > :M:;n i
(AX") At (A7) (Ax") AL
D" (1 2D | - D] ]
—Manl m, . +M:1+l i m42 _Mt_"'”*l % :M;{n i
(AX") At (A7) (Ax") At
D" (1 20" ] - Df ]
—MFH ms _ +Mén+l i+ m52 _Mcm+1 Mg > :Msm i
(AX") At (AXT) (AX") AL
2D" 2D,
_M5m+1 mC2 n gn+1 i n mcz — Mcm |:i:|
() At (AX) At

Tir hé phuong trinh (3.88) va (3.85) duoc viét lai nhu sau:
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(A " %[ X | =[Cirn " (3.89)
Trong d6 cac ma tran thanh ph?m duoc xac dinh nhu sau:
[y runy O 0 0 0 0 ayy O 0 0 0 0 0 ]
Uy Yy g 0 0 0 0 0 Uy(20) 0 0 0 0 0
0 Uraay Grpay Arpa 0 0 0 0 0 Qy310) 0 0 0 0
0 0 duy auy Gy 0 0 0 0 0 a4y, O 0 0
0 0 0 a5y sy G 0 0 0 0 0 Ayisio) 0 0
0 0 0 0 s g YGepy O 0 0 0 0 Ayi613) 0
(T - 0 0 0 0 0 auy a4y, O 0 0 0 0 0 ay,
o 0 0 0 0 0 0 0 g a4 O 0 0 0 0
0 0 0 0 0 0 0 Uyon)  Uus) Do) 0 0 0 0
0 0 0 0 0 0 0 0 duu Gy g O 0 0
0 0 0 0 0 0 0 0 0 du Gy Gy O 0
o 0 0 0 0 0 0 0 0 0 Gy By Gy O
o 0 o0 0 0 0 0 0 0 0 0 Gy Gy Do
o 0 o0 0 0 0 0 0 0 0 0 0 Gy Gy
(3.89a)
[T, | [C,, |
Tl CTZ
TZ CTS
T3C CT4
TZC CTS
, TlC 7 , CTG
Ma tran bién: L T, (3.89b), ma tran h¢ so vé phai: R o (3.89c)
|: (T,M)] Mb (T,M) CM8
Ml CM9
MZ CMlO
MSC CMll
MZC CMlZ
MlC CM13
_MSC_ _CMlA_
Céc gia tri hé s6 trong ma tran [AT, m].
S LSS S N PR B _— _ |2
T ™ T A 9F™M | Qg = AT | Ay 1.8) =—[as —am], 8r76) =~ AX"

p
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2 1 n, D AX D, 207
Ar77) = M%-H » Avee) =~ hy +Axm+2_At Ay (s0) = o |- By a1y =~ |

hi 1 2Dm
Ay = 7| Tamm D @vasas = T Péivoiin=1 = = 5;

F'C, At AX"
&,
v O (instine2) = _|:(Axm)2:|

p(M)
DI 1,20 Dy,
aM (in+8,in+7) — — (AXm)z a‘M (in+8,in+8) — At (AX )2 ) aM (in+8,in+9) — (AXm)Z

Céc gia trj hé sb trong ma tran [Cr, m].

h" 1 1
m+1 m m+1 .
C [T {kp }Ts {2Fm}+|\/| [an |-M7al" + dep AX + Qe {ED

1 aem 1 m hfg AX
.= T.m — —Mm F , 2+ 6 C T - _Mc —_—Y |t cm?
CT|n ( in |:At:| [At] qIFR |nJ in= T T |:Fm:| {kaC;n(Mc) q”:R, kpm

nl 1 AX mel (m mo | 1.
Cur =M, {E} CMSZ_M (ZAt ] M. 1(hm), CMin:Min+7|:Ei|’m:2+6

[N A \ A ’ A . ’ R , A 1 ’ .
Nhiét d0 va do chtra am tai cac di€ém ntt trong ma tran [X(T'M) ]m duoc xac dinh nhu

. { ap | i, o
T(in+11) — my2 | AT (in+Lin+l) —
(Ax™) At (Ax )?

Sau:

Koo ] ={[An 1"} %[ )" (3.90)

Dé don gian trong qué trinh xay dyng va tinh toan nhiéu tic gia nhu Tran Vin
Phu (1988), Trinh Vin Quang (2004), Yunus (2002), Holman (2009) di viét hé
phuong trinh sai phan dudi dang ham 4n, véi cach viét nay nghiém cta hé phuong
trinh sai phan ludn hoi tu véi moi budc thoi gian At (Tran Vin Phu, 2002).

Trong luan 4n ndy tac gia ciing viét hé phuong trinh sai phan duéi dang ham an
va dugc lap trinh bang chuong trinh Matlab 2014 dé giai. Véi luu d6 thuét toan giai
hé phuong trinh dugc biéu dién trén hinh 3.17 va phu luc 5.
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Nhap cac thong s6 cua tac nhan séy
T,.¢,v
Nhép cac thong so cua vat li¢u say

T, Ax

v

Tinh: D ,h_,h

v

Tinh: a,,a,,,c;,c,,

v

Xay dung va tinh ma tran nghich dédo
Xéc dlnh Z’K’TZ’];("Y—‘ZU’Y]("I;(
MS’MI’MZ’M3L"M2(,"M1(r’Msc

v

Tinh nhiét d6 va 4m d¢ trung binh thé
tich 17, my

th

v

Kiém tra

M{r]:H—l _Mm < 10—5

th —

Két thuc, ghi két qua

Hinh 3.17. Lueu d6 thudt todn gidi hé phirong trinh (3.85)

Sai

Hé phuong trinh TNTA duogc giai véi cac thong s nhiét vat Iy caa VLS va

thong s dau vao caa hé thong nhu sau:
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Stt | Thong sb Gia tri Pon vi
P chira am (kg am/k
1 ‘ 5,25 s s
ban dau Mo VLK)
) Hé sb khuéch 2
: 42810.909 me/s
An A D =2,521.10%exp| —
tn am Dr(T) n(T) p{ 8,314.(T + 273.15)}
Khoi luong
3 | riéng ctia muc P, = 2059 - 71(2j —736 exp(o, 247 2) kg/m3
, Wy @,
am P,
Do chira 4m (K Ak
‘ ) g am/kg
4 | can bing cua o, =[exp(~1,383-0,029.T )% (~Ing) %
VLK)
muc Me
Nhiét d
g | e oine C, =3,113+0,006.0 KI/kg
riéng Cp
Hé s trao doi
6 | nhiét déi luu h, =0,664ReV P X WI(m2K)
(he)
Hé s trao do6i
7 | chét déi luu h, =0,664Re} Sc* == m/s
(hm)
Hé s6 dan
8 0,49 W/(m.K)
nhiét (kp)

3.6.2. Kiém chitng mo hinh ly thuyét véi cac nghién ciru vé sdy mwe da cong bo

Pé kiém chimg sy phit hop va tinh chinh xac ctia mé hinh toan da thiét 1ap cho
hé théng siy muc bing bom nhiét két hop birc xa hong ngoai, két qua mé phong mo
hinh toan duoc so sanh v&i mot s6 két qua nghién ciru vé sdy muc 6ng di duge cong
bd. Hién nay, cac cong bd chu yéu 1a nghién ctru thyc nghiém, chua c6 cong trinh
nao nghién ctru Iy thuyét vé siy muc 6ng. Cac cong trinh nay tap trung chi yéu vao

cac phuong phap siy bom nhiét, bom nhiét két hop hong ngoai, khong khi nong va
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khong khi nong két hop hong ngoai. Tuy nhién voi cac cong trinh d cong bd vé bom
nhiét va bom nhiét két hop hong ngoai thi két qua cua céc tac gia chi tap trung vao
chét lugng san phim sau khi siy, khong mé ta k§ vé cac thong sd cua QTS ciing nhu
khong dua ra duoc dudng cong sdy cta muc trong QTS. Do d6, khong thé sir dung
két qua clia cac cong trinh nay dé kiém ching v6i két qua md phong. Cac nghién ciru
ctia Chen (2013) khi nghién ctru thyc nghiém siy muc bang khong khi néng va nghién
ctru cia Vega-Galvez (2011) vé sdy muc bang buc xa hong ngoai — ddi luu dd mo ta
cu thé cac thong s6 QTS ciing nhu dua ra duoc qua trinh giam 4m ciia muyc trong
QTS. Do d6 cac két qua nay s& duoc chling toi str dung dé kiém chirng mé hinh toan
da thiét lap.

M® hinh toan ctia QTS muc bang bom nhiét két hop hong ngoai do ching toi
xay dung khi str dung dé mo6 phong cac QTS muc bang khong khi nong va hong ngoai
- d6i luu, dugc diéu chinh nhu sau: gia tri cia nguon phat hong ngoai s& duoc gan gia
tri bang khong (g,,=0) d6i voi phuong phap say khong khi nong va gan gia tri bang
gia tri thuc nghiém ddi v6i phuong phép sy hong ngoai - di lwu; nhiét d6 (Ta) duoc
gan bang nhiét d6 moi trudng; van tdc ciia TNS (v) s& duoc gan bang chinh gié tri
thuc nghiém va gilt nguyén trong qua trinh mé phong; Gia tri d6 4m ciia TNS sé& anh
huong dén 6 4m can bang ctia QTS (Me), gia tri nay s& 1am thay doi nhiét luong can
thiét dé nude trén bé mat vat lidu bién thanh hoi va luong am toa ra moi truong bén
ngoai, do d6 gia tri 46 Am ban dau (¢a) ctia TNS trong mé hinh toan s& dugc gan bang
gia tri am do cua khong khi méi trudng (tily thude vao diéu kién thi nghiém thyc té)
va dugc gilt nguyén trong qua trinh mo phong.

% So sanh véi két qua nghién cau thue nghiém caa Chen

Hinh 3.18 so sanh cac gia tri duy doan do chira am trung binh ctia mo hinh Iy
thuyét véi két qua thuc nghiém cta Chen. Tai mirc nhiét d6 1a 50°C, sai 1éch 16n nhét
14 6,6%, néu tinh cho toan b QTS ta c6 RMSE = 0,28 va Pw, = 8,9%, sai léch vé thoi
gian sy 4,3%. O mirc nhiét do 60°C sai 1éch vé do chira 4m trung binh 16n nhit biang
9,1% va trong toan bd QTS co6 gia tri la RMSE = 0,24 va Py = 10,9%, sai léch 13,8%

so voi két qua thyc nghiém.
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10 ¢ ,
x- - Ly thuyét 50°C
9 r * Thyc nghiém 50°C ctia Chen
g L Ly thuyét 60°C
; e Thuc nghiém 60°C ciia Chen
7 -
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E 6t \
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Hinh 3.18. So sdnh két qua ciia mé hinh 1y thuyét véi két qud thiee nghiém ciia
Chen
% S0 sanh véi két qua nghién cau thuc nghiém cua Vega-Galvez

M6 hinh toan 1y thuyét tiép tuc duoc kiém chimg voi két qua thuc nghiém cia
Vega-Galvez khi sy muc bang phuong phap siy khong khi nong. Nhu vay bén canh
viéc gan cung gia tri dau vao (chiéu day, do 4m ban dau cta vat liéu; nhiét o, d6 am,
van toc TNS va hé s6 khuéch tan 4m) nhu nghién ctru thuc nghiém thi trong phuong
trinh (3.42) thanh phan ning luong tir birc xa hong ngoai vao VLS .., dUoc gan gia
tri bang khong.

DPuong cong sy so sanh két qua ctia mé hinh 1y thuyét v6i két qua thuc nghiém
ctia Vega-Galvez dugc biéu dién trén hinh 3.19. Sai léch d¢ chira am trung binh gitta
két qua dy doan va thuc nghiém trong QTS tai cac mirc nhiét d6 50°C va 60°C lan
lugt 1a 17,9% va 15,6%. Thoi gian séy cho két qua thyc nghiém tai cadc mtrc nhiét d
50°C va 60°C 1an luot 13 600 va 370 phut, trong khi thoi gian sdy du doan 1 676 va
459 phut. Sai 1éch vé thoi gian sdy va toc d6 sdy gitra két qua thue nghiém va dy doan
la 11,2%, 25% (kg am/kgVLK.ph(t) & muc nhiét d6 50°C va 19,3%, 18,5% (kg
am/kgVLK_ phit) & mirc nhiét do 60°C.
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5.5 I - Ly thuyét 50°C

5 F * Thyc nghiém 50°C cua Vega-Gélvez
45 % Ly thuyét 60°C
; 4 r ‘. ® Thyuc nghiém 60°C ctia Vega-Galvez
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Hinh 3.19. So sdnh két qua ciia mé hinh 1y thuyét véi két qud thiee nghiém ciia
Vega-Gélvez

Qua nhan xét trén co thé thay rang cac két qua dy doan tir mo hinh toan mo ta
phu hop véi dién bién cua qua trinh bién d6i 4m theo sb liéu thuc nghi¢m da dugc
cong bo. Su sai léch giira két qua du doan bang mé hinh toan 1y thuyét va thyc nghiém
c6 thé do thuc té khi tién hanh sy, cac gia tri vé nhiét, am cua vat liéu thay déi, cac
gia tri hé s6 khuéch tan am bi anh huong thém bai cac yéu to khac nhu hién tuong
cong vénh ma trong pham vi nghién ciru 1y thuyét bo qua do tinh phuc tap caa hién
tuong. Su ddi xing hoan toan giita hai mit trén va dudi ciia VLS trén thuc té con
chua hop 1y do sy che khuat cta khay, ludi d& vat liéu phia dudi day.

Tuy nhién, véi nhitng két qua so sanh néu trén cho thay cac duong cong siy
dugc tinh tir mo hinh toan 1y thuyét c6 bién dang va xu huéng 1a kha twong dong véi
cac dudng cong thuc nghiém. Do d6 hoan toan c6 thé dung mé hinh toan do ching
t6i xay dung & trén dé nghién ciru qué trinh truyén nhiét, truyén am khi sy muc ong

bang bom nhiét c6 su hd trg ctia birc xa hong ngoai.
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3.6.3. Pong luc hoc qua trinh say

Pong hoc QTS 14 n6i dén quan hé vé sy thay ddi do chira 4m ctia VLS theo thoi
gian. D& nghién ctru qua trinh nay bang 1y thuyét, chung t6i thuc hién giai déng thoi
hé phuong trinh truyén nhiét (3.42) va truyén am (3.43) tng véi cac thong sé TNS va
VLS da lya chon trong muc 2.6.1.1.
3.6.3.1. Pwdong cong siy

Puong cong say 1a d6 thi biéu dién mdi quan hé giita su bién thién d6 chira am
trung binh ctia VLS theo thoi gian sdy. Duya trén cac két qua mo phong, dudng cong
séy ung voi thong sb6 cua TNS bao gém: nhiét do 45°C, van tdc 1,4 m/s va dd Am
tuong ddi 15%, dugc biéu dién trén do thi hinh 3.20 & cac truong hop chi sir dung
bom nhiét; bom nhiét két hop voi birc xa hdng ngoai tai 3 mirc cong suat 1a 250 W,

500 W va 750 W.

55 - o- BN
] % BN + HN 250W
*--BN + HN 500W
45 —— BN+ HN 750W

v 4
= 35
=z
g 3
~e3
25
n(g 2
£
< 15
(=1}
|/ 1

0.5

0 1 1 1 1 1
0 200 400 600 800 1000

Thoi gian sy, phut
Hinh 3.20. Puong cong sdy ¢ ché d Ta = 45°C, v = 1,4 m/s; @a = 15%
Két qua trén hinh 3.20 cho thdy & cac ché d6 sy khac nhau, xu huéng giam am

cua myc twong ddi giéng nhau. Trong giai doan dau (0 + 200 phat) d6 am cua myc
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giam nhanh sau d6 giam dan cho dén khi dat 4m do yéu cau. Két qua ciing cho thay
khi ¢6 sy hd trg caa birc xa hdng ngoai, thoi gian sy giam di rd rang: khi sdy bang
bom nhiét khdng c6 su hd tro cia hdng ngoai, thoi gian sdy can thiét dé vat liéu dat
d6 am cudi 25% 1a 938 phut. Khi cd su hd tro cua dong buc xa ¢ ¢ong suat 250 W thi
thoi gian say giam con 615 pht, giam 34,4% so véi sdy bom nhiét. Néu tiép tuc ting
cong suét burc xa 18n 500 W hay 750 W thi thoi gian sdy giam xuéng con 532 phut va
497 phat.

Két qua trén hinh 3.20 ciing cho thay khi ting cong suat birc xa hong ngoai trong
khoang tir 250 W dén 750 W thi thoi gian say giam dan. Tuy nhién, kha ning rat ngan
thoi gian say khong ti ¢ thuan véi mirc ting cong suat. Diéu nay 1a do qué trinh thoat
am caa VLS ra bén ngoai can c6 thoi gian nhat dinh. Hon nita, néu cong suat ting 1én
qua cao s& 1am cho nhiét do ciia VLS ting theo dan dén viéc pha huy cac tinh chat ly
hoa cua VLS va do d6 1am giam chat luong VLS.
3.6.3.2. Puong cong nhiét do say

Do thi hinh 3.21 biéu dién su thay doi nhiét do tai tm va nhiét do tai bé mat
ctia VLS theo d6 chira am trung binh VLS.

Két qua trén d6 thi hinh 3.21 cho thay trong giai doan dau caa QTS khi am do
cia muc cOn cao va nhiét d6 cua muc thap xuat hién su giam nhiét 4o ca o tm va bé
mat cua VLS. Tuy nhién, hién tuong nay chi xay ra trong khoang thoi gian rat ngan,
sau d6 nhiét do cua ca bé mat va tim VLS déu ting nhanh va on dinh & muc nhiét do
nhat dinh twong @ng véi ting ché do say. Theo phan tich su thay déi nhiét do trong
QTS (Tran Vian Phu, 2002) viée ting nhiét do ca tm va bé mat VLS ching to sy bat
dau cua giai doan téc do say giam dan. Két qua ciing cho thay, khi dat dugc mc nhiét
d6 6n dinh, nhiét do ¢ tim c6 xu huéng cao hon nhiét do tai bé mat khi sy cé su hd
trg ciia btrc xa hong ngoai (Wang, 2014). Trong khi d6, d6i v&i phuong phap sdy bom
nhiét thi hau nhu khong c6 su khac biét gitra nhiét ¢6 tam va nhiét do bé mat caa myc
say. Khi cong suat phét cua hong ngoai cang tang thi mac do chénh léch gitra nhiét
d6 tai tim va tai bé mit cang I6n. Su chénh léch nay chinh 1a mét trong nhitng vu

diém caa phuong phap sy c6 sy hd trg cua bic xa hong ngoai, né 1am cho gradient
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nhiét d6 va am do trong VLS cling chiéu va két qua 1am ting cuong kha ning truyén
am bén trong vat liéu ra ngoai 16p bién nén rut ngin dugc thoi gian say. Nhiét do
trung binh cua VLS ¢ cac mirc 250 W, 500 W va 750 W lan luot bang 45,9°C, 47,6°C
va 50,3°C. Nhu vay, & mac cdng suat hong ngoai 1a 750 W thi nhiét d6 trung binh
ctia VLS ting cao lam anh huéng dén chit lugng VLS. Pay ciing 1a co s¢ dé ching

t6i lya chon mirc cong suat 500 W cho nghién ctru thuc nghiém.
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D§ chira 4m trung binh VLS, kg dm/kg VLK
Hinh 3.21. Buong cong nhié g sdy cua muc ong
3.6.3.3. Puong cong tdc do say
DPuong cong téc d6 say cho hai phuong phap sy bom nhiét va bom nhiét két
hop hong ngoai ¢ ché do Ta = 45°C, v = 1,4 m/s; ¢a = 15% dugc biéu dién trén hinh
3.22. Két qua thé hién rd rang duong cong tc do siy ciing chi xac dinh mot ché do
tdc d6 giam dan va hau nhu khong ton tai giai doan tée d6 siy khong doi va giai doan

d6t nong.
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Hinh 3.22. Puwong cong toc do say ¢ ché dg Ta = 45°C, v = 1,4 m/s, pa = 15%
Nhan xét

Két qua nghién ctiu ly thuyét dong hoc QTS dua trén két qua giai hé phuong
trinh truyén nhiét truyén am (3.42) va (3.43) cho thay:

- Cac QTS muc ung véi cac thong sé cua TNS da lya chon déu nam trong giai
doan tdc do siy giam dan, giai doan dot nong va giai doan tdc do sdy khong doi 1 rat
ngan.

- Viéc bo sung ngudn phat bic xa hdng ngoai vao hé théng say bom nhiét da
cho két qua rd rang vé kha ning rat ngan thoi gian siy so véi truong hop chi c6 bom
nhiét.

- Viéc ting cong suat ngudn phat bic xa hdng ngoai s& giam thoi gian siy,
nhung s& dat toi trang thai ma ¢ d6 néu tiép tuc ting cong suat cling khong thé giam
nhanh thoi gian siy. Bén canh d6 viéc ting cong suat hdng ngoai s& 1am ting nhiét
d6 VLS 18n cao diéu nay co thé lam giam chat luong ciia san pham say.

- Qua nghién ctiu ly thuyét dong hoc QTS & trén, ching tdi rat ra duoc gia tri
dinh hudng cho cdng suit hong ngoai dé tiép tuc nghién ciu thuc nghiém 1a 500 W.
Bén canh d6 ban chat cua qué trinh dich chuyén am va truyén nhiét caa VLS trong

QTS ciing di duoc lam rd théng qua cac d6 thi biéu dién & trén.
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3.7. Két luan chuong 3
Qua ndi dung nghién ctru trong chuong nay ching toi ¢6 4 két luan sau day:

- Céc thong sé nhiét vat ly caa myc dng da duoc xac dinh.

- Xay dyng duoc md hinh toan (hé phuong trinh TNTA) biéu dién QTS muc
dng bang phuong phap sy bom nhiét khi c6 b6 sung dong nhiét birc xa hong ngoai.

- Thiét lap duoc phuong trinh sai phan va thuat toan dé giai hé phuong trinh
TNTA khi c6 tinh d&én anh hudng cua dong am dén qua trinh truyén nhiét trong QTS.

- Két qua giai duoc kiém chiing so bd do pht hop va chinh xac cua hé phuong
trinh TNTA do chiing toi dé xuat.

Nhu vy, trong chuong nay mo hinh toan (hé phuong trinh TNTA) ctia QTS
muec khi say bom nhiét két hop btrc xa hong ngoai da duoc ching t6i hoan thién va
kiém chtng so bd véi két qua nghién ctru cua céc tac gia khac. Trong chuong tiép
theo, chiing t61 s& tién hanh thuc nghi¢m dé kiém chirng véi diéu kién thuc té va xac

dinh ché d6 siy phu hop.
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Chuong 4

KET QUA NGHIEN CUU THUC NGHIEM KIEM CHUNG
LY THUYET VA XAC PINH CHE PQ SAY

4.1. Chuan bij nguyén li¢u

Vit liéu st dung trong thi nghiém la muc 6ng co trong lugng cua mdi con 300
+ 350 g, chiéu dai 250 + 10 mm, chiéu rong 140 + 10 mm, chiéu day than muc 6 +
0,5 mm. Muc 6ng sau khi Iya chon dugc x¢ doc than loai bo noi tang, rira sach va dé
noi thoang mat trong khoang 30 phtt nham muc dich bé mit ciia muc kho khong
dong nudc. Mbi 1an thi nghiém dugc tién hanh trén 4 con myuc (mau), trong d6 ba
mau dung dé tién hanh siy khao nghiém, mot mau s& duogc giir ¢6 dinh trong budng
sdy sau khi gan cam bién nhiét do vao than muc (khong xac dinh qua trinh giam am
ciia mau nay). Sau khi cho myc vao budng siy tién hanh lip dit cam bién, cai dit
nhiét d6 TNS, van toc TNS va cong suat phat hdng ngoai theo ché d6 sdy yéu cau.
Do chira am ban dau cia muc & mdi mé siy dugc xac dinh bang phuong phép tu say.

PEPNEN- "= Empr:

gy 706 2018 |
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T

)

Hinh 4.1. Muec 6ng da qua so ché

Hai thanh dén hong ngoai c6 céng suat mdi thanh 1000W duoc gan phia trén va
dué6i VLS, cac thanh dén hong ngoai duoc diéu chinh cong suat phat va duoc lip dau
chup nham tap trung buc xa theo huéng dinh san, khoang céch tir thanh dén hong
ngoai dén VLS mdi bén 1a 150 mm (Wang va ctv, 2014).



Hiéu qua QTS duoc thé hién qua thoi gian siy, ham lwong phan trim NHs va

{rng suat cat cua phuong phap siy BN+HN. D6i v6i ham lugng NHs va tng suat cat

cac mau sau khi sdy xong duoc giri di xét nghiém tai trung tam.

Truong Pai hoc Nong Lam TP. H56 Chi Minh.

Hinh 4.2. Bé tri myc ong va thanh dén hong ngoai

Cac thi nghiém duoc thuc hién tai Trung thm Cdng nghé va Thiét bi nhiét lanh,

4.2. Kiém chieng md hinh ly thuyét véi két qua thuc nghiém tai cac mikc nhiét d
khac nhau
Hé phuong trinh TNTA duoc giai voi cac thdng s nhiét vat 1y da duoc xac

dinh nhu trong muc 3.1 + 3.4. Mt khac céc théng s6 nhu: chiéu day, nhiét d6 ban

dau, céng suat nguon phat hong ngoai, van téc, nhiét dé va do am TNS duoc xac dinh

bang dung cu do trong qué trinh thue nghiém s& dugc st dung lam céc gia tri dau vao

clia qua trinh tinh toan 1y thuyét, cac thong sé nay duoc trinh bay cu thé trong bang

4.1.

Bang 4.1. C4c thong s6 dwoe xac dinh bang dung cu do trong qua trinh thuc
nghiém tai cac mirc nhiét do 40°C, 45°C va 50°C.

. Thone <& Nhiét d9 TNS, Ta Bon vi
t ong s0 40°C | 45°C | s0°C | Pomvi
1 | Chiéu day trung binh 0,0059 | 0,006 | 0,006 m
2 | Nhiét d6 ban dau cta VLS, To 26,9 | 26,3 26,7 °C
3 | Cong suit hong ngoai, P 500 500 500 W
4 | Van toc TNS, v 1,4 1,4 1,4 m/s
5 | D6 am TNS, @a 15 15 15 %
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4.2.1. Kiém chieng mé hinh ly thuyét véi két qua thwe nghiém theo nhiét ¢ vat
lidu sdy

Két qua tinh toan va thuc nghiém cho thay thay ddi nhiét d6 VLS tai cac mirc
nhiét do 40°C, 45°C va 50°C dugc biéu dién trén hinh 4.3. Buong cong biéu dién
nhiét 6 cua VLS duoc chia thanh hai giai doan, giai doan diu md ta sy ting nhiét do
Vi toe d6 rat nhanh va dat téi nhiét d6 trung binh caa TNS 40°C, 45°C va 50°C twong
g vé6i khoang thoi gian 1an luot 1 20, 23 va 28 pht khi tinh toan, trong khi két qua
thuc nghiém cho thay dé dat duoc nhiét do nay can thoi gian 1a 50, 60 va 65 phut
cham hon so véi két qua dy doan, nguyén nhén 13 do trong quéa trinh thuc nghiém
nhiét bi that thoat qua cac véach, tuy nhién trong qua trinh tinh toan da bé qua cac
thong sé nay, qua trinh tinh toan khong tén thoi gian gia nhiét dé 1am néng budng
sy, c4c tinh chat hoa hoc nhu cau triic protein va ham luong chét dinh dudng ciing
anh huong dén qua trinh gia nhiét cua vat liéu say. Giai doan sau, do ¢ su hd tro cua
birc xa hdng ngoai, nhiét 46 VLS tiép tuc ting 1én va 1on hon nhiét 46 cua TNS, két
qua tinh toan cho thay gia tri nhiét d6 cao nhat trong suét QTS lan luot bang 43,7°C,
48,7°C va 54,4°C, trong khi gia tri thuc nghiém cho nhiét d6 cao hon gia tri tinh toan
0,6°C, 0,75°C va 0,73°C khi ciing nhiét d6 siy. Qua cac dudng cong phan bé nhiét
d6 cho thay su tuong dong gitra két qua du doan va thuc nghiém, vai hé sb tuong
quan R? tai ba ché do sdy & cac mac nhiét d¢6 40°C, 45°C va 50°C lan luot 12 0,92,
0,91 va 0,936.

Nhu vay nhiét d6 VLS cao hon nhiét d0 TNS la do ngoai Iugng nhiét duoc
truyén bang d6i luu tir TNS dén VLS con ¢6 sy hd trg caa birc xa hong ngoai. Céc
phan tir nudce trong vat lidu s& duoc gia nhiét tir birc Xa hdng ngoai, do dé trong ving
chiu anh hudng cua bic xa hong ngoai vat liéu s& ndng 18n trén toan bo thé tich, diéu
nay khac hon nhidu véi QTS bom nhiét théng thuong Ia nhiét do caaVLS chi dat thi
da bang nhiét d6 TNS. Vi vay, khi két hop véi birc xa hong ngoai viéc ting thé say
gilp QTS nhanh hon, giam thoi gian say la rat rd rang. Két qua nay twong dong vé
xu hudng thay doi nhiét d6 khi so sanh véi két qua nghién ciru thuc nghiém cia Wang
(2014).
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Hinh 4.3. Thay doi nhiét do VLS gitta két qua dy doan voi thuc nghiém tai cdac
murc nhiét do 40°C, 45°C va 50°C

4.2.2. Kiém chitng mo hinh ly thuyét véi két qua thwc nghiém theo qué trinh
giam am
4.2.2.1. Tai mirc nhiét d¢ 40°C

Tir bang 4.2 va hinh 4.4 cho thay sy bién d6i d6 chtra 4m theo thdi gian tir md
hinh 1y thuyét va thuc nghiém 1a kha twong dong nhau. Tai mirc nhiét do 1a 40°C, sai
léch vé do chira am trung binh Py, 14 11,35%, sai s6 binh phuwong trung binh (RMSE)
12 0,29. Khi so sanh vé thoi gian séy, két qua dy doan dé dat duoc do chira 4m trung
binh 0,333 kg am/kgVLK (25% do am twong ddi) can 639 phut, trong khi két qua
thue nghiém gia tri nay 570 phut, sai 1éch vé thoi gian siy giita két qua 1y thuyét véi

thuc nghiém 1a 10,7%.



84

Bang 4.2. Két qua thue nghiém va 1y thuyét vé do chira Am trung binh ciia vat
liéu tai mic nhiét do 40°C.

Ly thuyét, | Thuc nghiém, Ly thuyét, | Thuc nghiém,
TGS ] ) TGS ] .
t, phit kg am/kg kg am/kg t, phit kg am/kg kg am/kg
VLK VLK VLK VLK
0 531 531 360 0,979 1,035
30 4,172 4,523 390 0,867 0,885
60 3,489 4,056 420 0,768 0,749
90 3,039 3,564 450 0,682 0,629
120 2,665 3,146 480 0,606 0,526
150 2,345 2,763 510 0,539 0,428
180 2,066 2,385 540 0,481 0,349
210 1,821 2,074 570 0,430 0,334
240 1,607 1,820 600 0,385
270 1,418 1,591 630 0,345
300 1,252 1,385 639 0,332
330 1,107 1,205
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Hinh 4.4. Puong cong sdy giita két qua dy dodn véi thire nghiém tai mikc nhiét dg

40°C
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Hinh 4.5. Puong cong téc do scfy cuia két qua dy dodn va thuc nghiém tai muc nhiét
do 40°C

Sy phu hop caa md hinh Iy thuyét véi két qua thuc nghiém ciing dugce danh gia
thong qua duong cong tdc d6 say. Puong cong téc d6 say du doan va thuc nghiém
tai mac nhiét do 40°C duoc thé hién trén hinh 4.5, tc d6 siy 16n nhat tir két qua du
doan 1a 0,0393 (kg am/kgVLK.phut), trong khi thuc nghiém 0,0209 (kg
am/kgVLK phit), cac gia tri ndy ciing xuat hién ¢ khoang thoi gian 30 phut dau, diéu
nay chimg t6 su pht hgp cia md hinh 1y thuyét so véi thuc nghiém. D6 thi hinh 4.5
cling cho thay ¢ giai doan dau cta qua trinh say, két qua dy doan va thyc nghiém c6
su sai 1éch 16n, nguyén nhan 13 do trong qua trinh tinh toan nhiét d6 TNS duogc gin
la 40°C, tuy nhién trong qua trinh thyc nghiém thi tién hanh tir nhiét d6 moi truong
do d6 sau mot khoang thoi gian nhiét @6 TNS trong buéng séy méi dat dén nhiét do
40°C (hinh 4.3), diéu nay dan dén dong lyc ciia qua trinh sy & giai doan dau (tir 0 +
30 phat) cham hon so vé6i két qua tinh toan. Gia trj toc do sdy trung binh dy doan
trong toan bd QTS 14 0,0075 (kg 4m/kgVLK .phut), trong khi thuc nghiém 1a 0,0086
(kg am/kgVLK.phut). Sai 1éch vé toc do sy giira 1y thuyét va thuc nghiém 1a 15,7%.
4.2.2.2. Tai mic nhiét d¢ 45°C

Két qua dy doadn va thyc nghiém tai muc nhié¢t do 45°C dugc trinh bay trong

bang 4.3 va hinh 4.6. Sai léch vé d6 chira 4m trung binh gitta két qua dy doan va thuc
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nghiém Py 12 9,7%, sai s6 RMSE 12 0,21. Thoi gian sdy can thiét dé dat do chira 4m
yéu cau cua két qua Iy thuyét va thuc nghiém 1a 533 phat va 495 phat, sai 1éch 1a
7,1%.

Bang 4.3. Két qua thwc nghiém va 1y thuyét vé do chira Am trung binh cia vat

li€u tai mirc nhiét do 45°C

TGS | Lythuyét kg| € TGS | LY thuyet, Thuc
tphit | dmikg VLK | NIMEM. KO g | kg am/kg | nghiem, kg
P g im/kg VLK | P VLK | &m/kg VLK
0 5,280 5,280 300 0,088 1,007
30 4,120 4,338 330 0,853 0,850
60 3,363 3,755 360 0,737 0,704
90 2,860 3,266 390 0,639 0,580
120 2,447 2,781 420 0,554 0,482
150 2,099 2,363 450 0,482 0,405
180 1,802 2,000 480 0,421 0,354
210 1,549 1,690 495 0,399 0,326
240 1,332 1,436 510 0,368
270 1,147 1212 533 0,332
55 ¢ 4o Thyc nghiém 45°C
50 ‘:‘ ----- Du doan 45°C
45 -‘\\A
X \
§ 40 ‘\\
£ 35
= N\ A
30 b N
Mﬁ o5 | \\\:
.~(§ . \\A
g 20 1
= ‘\A
15 | SN
= T
10 | .
05 | '\f‘x\:_n__
0.0 1 1 1 1 1 ]
0 100 200 300 400 500 600

Thoi gian sdy, phit

Hinh 4.6. Puong cong sdy giita két qua dy dodn véi thire nghiém tai mikc nhiét dg

45°C
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Qua két qua tinh toan va thuc nghiém cho thay gia tri toc do siy ¢ giai doan 30
phut dau cta qua trinh tinh toan ludn cao hon so véi thuc nghiém (hinh 4.7), nguyén
nhan 1 do thiét bi sdy bj ton that nhiét qua cac véch, trong khi tinh toan gia thiét Ia
khdng c6 ton that. Sai léch vé toc do sdy trung binh gitta két qua ly thuyét va thuc

nghiém la 6,1%.
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Hinh 4.7. Puong cong toc do sdy giiva két qua dir dodn véi thiee nghiém tai mirc
nhiét do 45°C
4.2.2.3. Tai mic nhiét d¢ 50°C
Puong cong séiy du doan va thuc nghiém tai mic nhiét do 50°C dugc biéu
dién trén hinh 4.8. Xét trong toan bd QTS ta c6 sai 1éch vé do chira 4m trung binh Py
14 11,1% va sai s6 RMSE 1a 0,24. Thoi gian siy can thiét dé dat d6 chira 4m yéu cau
ctia két qua dy doan va thyc nghiém 1 471 phut va 450 phit, sai 1éch vé thoi gian sy

gira két qua du doan va thuc nghiém 13 4,5%.
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Biang 4.4. Két qua thue nghiém va 1y thuyét vé @6 chira Am trung binh ciia VLS

tai mirc nhiét d¢ 50°C

TGS Ly txhuyet, Thuc TGS Ly txhuyet, Thu:c
¢ pht kg am/kg nghiém, kg ¢ ohit kg am/kg nghiém, kg
P VLK Am/kg VLK | ©P VLK Am/kg VLK
0 5,14 5,14 270 0,941 1,00
30 3,967 4,34 300 0,793 0,81
60 3,251 3,71 330 0,670 0,64
90 2,703 3,16 360 0,568 0,51
120 2,259 2,66 390 0,483 0,40
150 1,892 2,21 420 0,412 0,34
180 1,586 1,80 450 0,353 0,32
210 1,331 1,48 471 0,333
240 1,118 1,22
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Hinh 4.8. Puong cong sdy giita két qua dy dodn véi thire nghiém tai mikc nhiét dg
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Céc gia tri tdc do séy gitra két qua du doan va thuc nghiém da tiém can nhau
khi VLS dat dén d6 chtra 4m tir 1,6 kg am/kgVLK, téc do siy trung binh trong toan
bd QTS dy doan va thuc nghiém 1a 0,0102 (kg am/kgVLK.phut) va 0,0110 (kg
am/kgVLK .phat). Két qua nay mot 1an nita chirng minh sy phi hop ctia mé hinh 1y
thuyét.

00500 r . e nghiém 50°C

00450 - ® Dy doan 50°C

0.0400 |
0.0350 | /
0.0300 | ;=
0.0250 | /
0.0200 | :

-/

0.0150 r |

Téc dd sdy dM/dt, kg/kg.phut

0.0100 | .

i [ ]t
0.0050 -

00000 - 1 1 1 1 1 1 1 1 1 1 1
00 05 10 15 20 25 30 35 40 45 50 55
P chira 4m, kg 4m/kg VLK

Hinh 4.9. Puong cong téc do sdy cia két qua dw dodn véi thiee nghiém tai mikc
nhiét do 50°C

Tir cac duong cong sdy (hinh 4.4, hinh 4.6 va hinh 4.8) cho thiy tai ba mirc nhiét
d6 40°C, 45°C va 50°C qua trinh giam am khi thyc nghiém & giai doan tir luc bat dau
sdy dén khi VLS dat dén do chira 4m khoang 0,6 kg am/kgVLK dién ra cham hon so
v6i két qua tinh toan, tuy nhién & giai doan sdy sau d6 qua trinh giam am & két qua
thuc nghiém dién ra nhanh hon. Nguyén nhén 1a do chiéu day 16p vat liéu khi thuc
nghiém giam cing voi d6 chtra am, trong khi qué trinh tinh toan chiéu day nay dugc
gia dinh 1a khong thay ddi. Vi vay qua trinh thoat am tir tim VLS ra bé mit khi thuc

nghi¢m dién ra nhanh hon so v61 qua trinh tinh toén.
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Qua céc phan tich va so sanh trén co thé thay rang cac két qua du doan tir md
hinh toan da phan anh pht hop véi xu huéng khi so sanh véi qua trinh bién doi 4m
theo s6 liéu thuc nghi¢m, murc sai 1éch 16n nhét tai ba mrc nhiét do 1a 11,35%.

4.3. Kiém ching md hinh ly thuyét véi két qua thuc nghiém tai cac mirc cong
suat khac nhau

Cac thong sb nhu chiéu day, nhiét do ban dau, cdng suat ngudn phat hdng ngoai,
van téc, nhiét do va ¢6 am TNS duoc xac dinh bang dung cu do trong qué trinh thuc
nghiém sé& duoc st dung 1am céc gia tri diu vao clia qué trinh tinh toan, cac thong s6
nay duoc trinh bay cu thé trong bang 4.5. Bén canh do, cac thong sé nhiét vat Iy khi
giai mé hinh toan ly thuyét s& dugc tinh toan théng qua cac biéu thirc trong muyc 2.1.

Bang 4.5. C4c thong s6 dwoc xac dinh bing dung cu do trong qua trinh thuc
nghié¢m tai cac ché @9 siy BN + HN 250 W, BN + HN 500 W, BN + HN 750 W

va BN
. Co at phat ho i, W
Stt Thong so ong Sua” p1az ions asoal Don vi
OW |250W | 500 W | 750 W
1 | Chiéu day trung binh 0,00615 | 0,0059 | 0,006 |0,0061| m
5 I_I\_IhICt do ban dau cua VLS, 26,6 26,7 26,7 277 oC
0
3 | Nhiét d6 TNS, Ta 50 50 50 50 °C
4 | Vantoc TNS, v 1,4 1,4 1,4 1,4 m/s
5 | Do am TNS, ¢a 15 15 15 15 %

Thay d6i nhiét dd VLS khi sdy bang phuong phap say BN va sdy bang phuong
phap BN +HN tai ba mirc cong suit 250 W, 500 W va 750 W ctia qua trinh tinh toan
va thuc nghiém dugc thé hién trén hinh 4.10. Khi siy bang phuong phap BN + HN
250 W, gia tri nhiét do tai tdm VLS khi thyc nghiém luén nhé hon voi két qua du
doan, nguyén nhan 1a do khi sdy voi cong suit buc xa thap lam kha ning tham thau
ctia btrc xa nho dan dén qua trinh gia nhiét cia VLS nho do doé tac dong dén dong luc
QTS thap.

Khi ting cong suat ngudn phat hong ngoai tir 500 W 1én 750 W, két cho thay
thoi gian ting nhiét do tai tim ctia VLS tir gia trj ban dau dén nhiét d6 TNS khong co

su khac biét nhiéu so véi mirc cong suat 500 W. Nguyén nhan 1a do qué trinh bién
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d6i pha tir Am 16ng thanh hoi va dich chuyén tir trong ra ngoai ciia VLS can mét luong

nhiét nhat dinh.
60
55
@) > oooooo0000oooooo000000000000000”“““
o
& 45
= +  Thuc nghiém BN +HN 750W
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Hinh 4.10. Thay doi nhiét dé VLS gitta két qua dw dodn voi thuc nghiém tai cdac ché
dé sdy BN + HN 250 W, BN + HN 500 W, BN + HN 750 W va BN

Qua phan tich cac két qua cho théy sai 1éch vé do chira am gitra két qua du doan
va thue nghiém ¢ cac ché do siy BN + HN 250 W, BN + HN 500 W, BN + HN 750
W va BN lan luogt 14 12,3%, 11,1%, 10,2% va 15,1%; sai s6 RMSE tai cac ché do say
lan luot 13 0,26, 0,24, 0,20 va 0,29. Két qua ndy mét 1an nira chirng minh mé hinh
toan 1y thuyét c6 thé mo ta ban chét qua trinh TNTA trong ca hai truong hop sdy BN
+ HN va BN thong thuong.

Thoi gian séy thuc nghi¢m dé dat @6 chira Am 0,333 kg ém/kg VLK tai cac ché
d6 say BN + HN 250 W, BN + HN 500 W, BN + HN 750 W va BN lan luot 1a 510,
420, 425 va 1020 phat, trong khi két qua 1y thuyét cho thay thoi gian siy chdm hon
so v&i thyc nghiém lan luot 13 20, 41, 17 va 33 phut khi cung ché d6 séy. Thoi gian
sdy ctia phuong phap siy BN + HN 500 W nhanh hon so véi phuong phap siy BN la
592 phut khi du doan va 450 phut khi thuc nghi¢m.
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Hinh 4.11. Puong cong say gitta ket qua dy doan voi thuc nghiém tai cac ché do

sdy BN + HN 250 W, BN + HN 500 W, BN + HN 750 W va BN
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Hinh 4.12. Puong cong toc do sdy cia két qua dw dodn véi thue nghiém tai cdc ché

d¢ sdy BN + HN 250 W, BN + HN 500 W, BN + HN 750 W va BN
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Thoi gian sdy giam khi ting cong sut hong ngoai, tai mirc cong suat 500 W va
750 W thoi gian sdy giam nhung khong nhanh nhu giai doan 250 W va 500 W do
cong sudt hong ngoai tac dong khong dang ké khi d6 am vt liéu giam. Tuy nhién
danh gia cam quan cho thiy giai doan 500 W va 750 W cho bé mit muc bi co rut
manh va cung lam mét do déo, dai tu nhién ctia muc khé.

DPuong cong tdc do siy tai cac ché do siy BN + HN 250 W, BN + HN 500 W,
BN + HN 750 W va BN cua qua trinh tinh toan va thyc nghiém duogc thé hién trén
hinh 4.12. Két qua cho thay cac duong cong toc do sdy gitra két qua tinh toan va thuc
nghiém 13 kh4 twong dong. Sai léch vé toc do siy giita két qua tinh toan va thuc
nghiém tai cac ché d6 sy lan luot 1a 5,8%, 14%, 6,3% va 6,4%.

4.4. Nhan xét

Qua céc két qua thyc nghiém va dy doan cho thy néu trong QTS, nhiét do trung
binh ctia VLS 16n hon nhiét d6 trung binh cua TNS c6 nghia 1a da khac phuc duoc
hién tuong can tré dich chuyén cta dong nhiét dén dong 4m nhu & truong hop sdy
BN thong thuong. Do nhiét do cua vat VLS 16n hon nhiét dd TNS nén dong nhiét va
dong am cung chiéu do d6 téc do sdy duoc cai thién dang ké. Pay 13 1y do chinh vé
viéc giam thoi gian sdy khi say BN+HN khi so sanh véi phuong phap say BN.

Qua két qua so sanh cho thay sy sai léch giita két qua du doan bang mo hinh Iy
thuyét va thyc nghiém c6 thé do mot s6 nguyén nhan sau:

- Trong QTS thuc nghiém cac gia tri vé nhiét, am cua vat liéu thay doi, cac gia
tri hé s6 khuéch tan am bi anh huong thém bai cac yéu td khac nhu hién twong cong
vénh ma trong pham vi nghién ciu ly thuyét bo qua do tinh phiic tap caa hién tuong.

- Cé4c yéu té nhu hé s6 phat xa, khoang cach dat ngudn phat hong ngoai ciing
anh hudong dén QTS.

- Su d6i xtng hoan toan giira hai mat trén va dudi caa VLS trén thuc té con
chua hop Iy do su che khuat ciia khay, luéi d& vat liéu phia dudi day.

Tuy nhién, véi nhitng két qua nhu da trinh bay & trén cho thdy mé hinh 1y thuyét
cho két qua du doan QTS phu hop vé6i dién bién trén thyc té khi tién hanh thyc

nghiém. Do d6 c6 thé ding md hinh toan dé du doan toc do sdy, thay doi nhiét d6 va



94

d6 chtra 4m cua VLS trong QTS.
4.5. Quy hoach thwc nghiém
4.5.1. Phat biéu bai toan hop den

Thong qua cac két qua phan tich nhu da néu tai muc 2.6.1.1, cho thiy cac théng

s6 nhu vén tdc, nhiét 6 TNS va cong suit phat hong ngoai khi sdy s& anh hudng

ddng thoi 1én cac chi tiéu chit lvong va ki thuat ciia san pham sau khi siy. M hinh

théng ké cho thiét bi séy BN-+HN khi séy muc éng duoc thuc hién.

g

L4

v(im/s) — g
T.(°C) ————»

PW) ————»

Thiét bi sdy bom nhiét két
hop hong ngoai

— t (phit)
—» NHj3 (%mg)

——» UsC (N/cm?)

Hinh 4.13. Bai todn hop den mo ta qua trinh nghién ciru

Trong do:

- V: Van téc TNS (m/s)
- Ta: Nhiét d6 TNS (°C)

- P: Cong suét ciia bo ngudn hong ngoai (W)

- t: Thoi gian say (phut)
- NHz: Ham Iugng NHz (%mg)
- UsC: Ung suat cat (N/cm?)

4.5.2. Xac dinh vung nghién cau

Phuong an thyc hién dugc thiét ké c6 2 mirc do1 xirng ¢ tdm vo1 mién thyc

nghiém gidi han trong khoang gitta diém trén (gia tri ma hoa la +1), diém dudi (gia

tri ma hoa 1a -1).

= Nhiét do TNS:

+ Khoang bién thién:

+ Muc co so:

Ta = 40+ 50°C
AT =5°C

To= 45°C

T*=50°C

+ Muc trén:



» Van toc TNS:

+  Muc dudi:

+ Khoang bién thién:

+ Muc co so:
+ Muc trén:

+  Muc dudi:
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v=0,6+14mls

T-=40°C

Av = 0,4 m/s
vP=1,0 m/s
vi=14ml/s

v =0,6 m/s

= Cong suat ngudn phat hdng ngoai: P = 250 + 750 W
AP =250 W

+ Khoang bién thién:

+ Muc co so:

+ Muc trén:

+ Muc dudi:

4.5.3. Ké hoach thuc nghiém bac |
4.5.3.1. Lap ma tran thwc nghiém

P° =500 W
P*=750 W
P-=250 W

Ma tran thyc nghiém theo phuong &n bac I c¢o tinh truc giao. S6 thuc nghi¢m

duoc tinh theo cong thirc.

N=2+no-23+6=14 (4.1)
Trong d6: k — sé yéu té nghién ctru dau vao cta bai toan, k =3
no — s6 lwong thi nghiém I1ap & muc co s&, chon no = 6
Bang 4.6. Mirc khoang bién thién cac yéu t6 diu vao dang bac I
Yeuto X1(°C) Xz (m/s) X3 (W)
Mie Nhiét dp TNS Van tbc TNS | Cong suit HN
+1 50 14 750
0 45 1,0 500
-1 40 0,6 250

4.5.3.2. Két qua thuc nghiém va xir Iy két qua thuc nghiém

Tién hanh thuc nghiém theo ma tran da lap, két qua thu dugc trinh bay trong

bang 4.7 va 4.8
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Bang 4.7. Ma tran thue nghiém va két qua thue nghiém & dang ma hoa

ST Théng s6 dau vao Théng s6 diu ra
T | Xi(°C) | Xo(mis) | Xz (W) Y1 Y2 v
(pht) %) | (Nicm?)
1 +1 +1 -1 505 5,01 8,65
2 -1 -1 -1 760 13,6 49
3 0 0 0 498 8,0 7,85
4 0 0 0 522 7,2 7,3
5 +1 -1 +1 437 4,58 9,6
6 0 0 0 525 7,3 7,68
7 0 0 0 531 7,3 7,7
8 0 0 0 535 7,4 7,8
9 -1 -1 +1 582 11,3 58
10 0 0 0 538 7,7 7,7
11 +1 -1 -1 505 5,56 8,1
12 -1 +1 -1 719 13,6 4,6
13 +1 +1 +1 421 4,58 10,7
14 -1 +1 +1 566 12,2 57

Bang 4.8. Ma trin thyc nghiém va két qua thwe nghiém ¢ dang thue

T Thong sé dau vao Thong sé dau ra
T T v P Y1 Y2 Y3
(°C) (m/s) (W) (phat) (%) (N/cm?)
1 50 14 250 505 5,01 8,65
2 40 0,6 250 760 13,6 49
3 45 1,0 500 498 8,0 7,85
4 45 1,0 500 522 7,2 7,3
5 50 0,6 750 437 4,58 9,6
6 45 1,0 500 525 7,3 7,68
7 45 1,0 500 531 7,3 1,7
8 45 1,0 500 535 1,4 7,8
9 40 0,6 750 582 11,3 58
10 45 1,0 500 538 1,7 7,7
11 50 0,6 250 505 5,56 8,1
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12 40 1,4 250 719 13,6 4,6
13 50 1,4 750 421 4,58 10,7
14 40 1,4 750 566 12,2 5,7

< Két qua xir ly véi md hinh khong c6 sé hang chéo

Thoi gian sdy t: Dya vao két qua thuc nghiém tién hanh phén tich phuong sai
dugc trinh bay ¢ phu luc (3.1). Két qua phan tich phuong sai cho thiy cac hé sé hoi
quy déu dam bao du do tin cay, nhung moé hinh khong phu hop, vi gia tri Lack-of-fit
=0,0014 < 0,05 va hé s6 R- squared = 0,91. Nén md hinh ham Y1 dang bac I 1a khong
phu hop.

Nhu vy, thoi gian sdy t khong thé biéu dién ¢ mo hinh bac I khong c6 hang
chéo vi sai s6 16n.

Phan trim ham lugng NHa: Tir cac két qua thuc nghiém tién hanh phan tich
phuong sai duoc trinh bay nhu ¢ phu luc (3.3). Két qua phan tich phwong sai cho thay
cac hé s6 hoi quy déu dam bao dii do tin cdy tuy nhién mo hinh khong phu hop, vi
gia tri Lack-of-fit = 0,0005 < 0,05 va hé sé R- squared = 0,60. Nén mé hinh ham Y
¢ dang bac I khong phu hop.

Nhu vdy, ham phan trim ham luong NHs khong thé biéu dién ¢ mo hinh bac I
khong c6 s6 hang chéo vi ¢6 sai s6 16n.

Ung suét cat UsC: Tur cac két qua thuc nghiém tién hanh phan tich phuong sai
duogc trinh bay nhu & phu luc (3.5). Két qua phan tich phuong sai cho thiy cac hé sb
hoi quy déu dam bao dii d tin cdy tuy nhién mo hinh khong phu hop, vi gia tri Lack-
of-fit = 0,0272 < 0,05 va hé s6 R- squared = 0,60. Nén mé hinh ham Y3 & dang bac I
khong phu hop.

Nhu vay, ham g suat cat cling khong thé biéu dién & mé hinh bac I khong co
s6 hang chéo vi ¢6 sai s6 16n.

% K&t qua xir Iy véi md hinh c6 sé hang chéo

Tuong tu, dya vao két qua thyc nghiém, tién hanh phan tich phuong sai nhung

& cac hé s6 hoi quy tac dung twong hd. Két qua phan tich phwong sai trinh bay nhu ¢

phu luc (3.2, 3.4 va 3.6) cho thay gia tri lack-of-fit < 0,05. Vi vay, mé hinh cai tién
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cling khong phu hop.
4.5.3.3. Phan tich két qua thuc nghiém

Qua két qua trén ta thdy mo hinh da thic bac I khong phu hop cho viée biéu
dién mdi quan hé ham sé gitra thoi gian sdy, phan trim ham luong NHs va tng suét
cit voi nhiét do, van tdc va cong suat ngudn phat hong ngoai. Piéu nay c6 nghia mo
hinh tuyén tinh khong thé dung dé phan anh sy phu thudc giita cac thong sb vao va
thong s ra. Dé giai quyét can phai tién hanh cai tién mo hinh, vi vay ta nang bac cua
phuong an thuc nghiém 1én bac II, mé hinh dang phi tuyén va mién thyc nghiém duoc
ma& rong ra voi canh tay don + a.
4.5.4. Ké hoach thuc nghiém bac 11
4.5.4.1. Lap ma tran thuc nghiém

Ma tran thuc nghiém bac II dugc thuc hién theo phuong an bat bién quay khong
c6 tinh truc giao. S6 luong thi nghiém dugc xac dinh theo cong thirc sau (Nguyén

Cénh, 2016):

N=2+2k+no=23+23+6=20 (4.2)
Trong d6: k — sé yéu té nghién ctru dau vao cta bai toan, k = 3
2 — s6 lugng thi nghiém & mic trén va mic dudi, 28 =8
2k — s6 luong thi nghiém & muc diém sao + o, 2k = 6
no — 56 lwong thi nghiém lap lai & mac co s, chon no = 6
Cénh tay don duoc xac dinh theo cong thic a = 2K+ = 2%4 = 1,682
Bang 4.9. Mitrc khoang bién thién cac yéu t6 dau vao dang bac II
Yéu tb X1 (°C) Xz (mis) X3 (W)
Mikc Nhiét do TNS Van toc TNS Cong suat HN
+1,682 53,5 1,67 920,5
+1 50 14 750
0 45 1,0 500
-1 40 0,6 250
-1,682 36,5 0,33 79,5
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4.5.4.2. Két qua thuc nghiém va xir Iy két qua thuc nghiém

Bang 4.10. Ma trin thwc nghiém va két qua thwe nghiém ¢ dang mi hda

Thoéng so dau vao Thong s6 dau ra
STT Y1 Y2 Ys
X X2 Xs (phat) (%) (N/cm?)
1 0 0 0 498 8,01 7,85
2 -1,682 0 0 723 15,8 3,5
3 +1 +1 +1 421 4,58 10,7
4 0 -1,682 0 543 7,45 7,5
5 -1 +1 -1 719 13,6 4,6
6 0 0 +1,682 448 6,4 8,6
7 0 0 0 522 7,21 7,3
8 -1 -1 +1 582 11,3 58
9 +1 -1 -1 505 5,56 8,1
10 +1 -1 +1 437 4,58 9,6
11 0 0 -1,682 648 9,1 7,6
12 0 0 0 525 7,3 7,68
13 +1 +1 -1 505 5,01 8,65
14 0 0 0 531 7,3 17,7
15 -1 +1 +1 556 12,2 5,7
16 0 0 0 535 7,4 7,8
17 -1 -1 -1 760 13,6 49
18 0 0 0 538 1,7 1,7
19 +1,682 0 0 435 4,1 10,9
20 0 +1,682 0 497 7,1 7,9

Bang 4.11. Ma trin thuc nghiém va két qua thwe nghiém ¢ dang thue

Thong s6 dau vao

Thong so dau ra

STT T v P t NH; UsC
(°C) (m/s) (W) (phat) | (Yomg) | (N/em?)

1 45 1,0 500 498 8,01 7,85

2 36,5 1,0 500 723 15,8 35

3 50 1,4 750 421 4,58 10,7

4 45 0,33 500 543 7,45 75

5 40 1,4 250 719 13,6 4,6
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6 45 1,0 920,4 448 6,4 8,6
7 45 1,0 500 522 7,21 7,3
8 40 0,6 750 582 11,3 5,8
9 50 0,6 250 505 5,56 8,1
10 50 0,6 750 437 4,58 9,6
11 45 1,0 79,6 648 91 7,6
12 45 1,0 500 525 7,3 7,68
13 50 1,4 250 505 5,01 8,65
14 45 1,0 500 531 7,3 7,7
15 40 1,4 750 556 12,2 5,7
16 45 1,0 500 535 7,4 7,8
17 40 0,6 250 760 13,6 4,9
18 45 1,0 500 538 7,7 7,7
19 53,5 1,0 500 435 4,1 10,9
20 45 1,67 500 497 7,1 79

% Thoi gian say Y1 (phut)

Cac sb liéu thuc nghiém duoc tién hanh phan tich phuong sai dang da thirc bac
11 day du. Trong qua trinh phan tich phuong sai, nhitng hé s6 hoi quy khong dam bao
do tin cay s& bi loai bo khoi mé hinh. Tién hanh phan tich phuong sai dé loai bo cac
hé hoi quy khong dam bao do tin cay voi muc y nghia 0,05. Do tin cay ciia cac hé sb
hoi quy kiém tra theo tiéu chuan Student, tinh phu hop ciia md hinh dwoc kiém tra
theo tiéu chuan Fisher.

Tir bang phan tich (Phu luc 4.1) cho thay hé s hoi quy AB, BB va BC khong
dam bao d6 tin cay (P — value > 0,05), do d6 tién hanh loai bo cac hé sé nay ra khoi
mo hinh.

Sau khi loai bo cac hé s6 hoi quy khong dam bao do tin cdy ra khoi mo hinh va
tién hanh phan tich phuong sai 1an 2 cho mé hinh, két qua duoc trinh bay trong phu
luc 4.2. Tir cac két qua phan tich cho thay cac hé s6 hdi quy déu c6 ¥ nghia (P- Value
<0,05).

Kiém tra theo tiéu chuan Student. Két qua tinh toan co t = 2,5709 (phu luc 4.3)
I6n hon gia tri tra trong bang phan b Student. Nhu vay cac hé sé hoi quy dam bao

do tin cay.
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Kiém tra tinh thich &ng cua mé hinh Fisher: dwa vao bang phan tich phuong sai
duogc thuc hién trén phan mém (phu luc 4.2), ta thay gia tri Lack — of — fit c6 P — value
=0,7361 > 0,05. Do d6, m6 hinh hdi quy Y1 1a phu hop.

Nhu vay tir két qua kiém tra cac hé s6 hoi quy theo tiéu chuan Student va kiém
tra tinh thich tng ctia mé hinh theo tiéu chuan Fisher cho thiy cac hé s6 hoi quy dam
bao d tin ciy va mé hinh hoi quy 1a phu hop.

Phuong trinh hoi quy dang ma héa ham Y1 phu thudc vao X1, Xz va Xz dugc
biéu dién nhu sau.

Y1 = 524,863 - 90,3056.X1 - 11,7418.X> - 60,7252.X3 + 21,247.X:> +
23,625.X1.X3 + 10,2896.X3?

Chuyén ham Y1 vé dang thuc, theo két qua tinh toan nhu phu luc 4.16, phuong
trinh hoi quy cho ham t & dang thuc c6 dang nhu sau.

t = 3633,95 - 102,19.T, - 29,3557.v - 1,25957.P + 0,83059.T.? + 0,0189.T..P +
0,000166155.P?
< Pham tram ham lwong NH3 Y2 (%mg)

Tir cac s6 lidu thuc nghiém twong ty nhu ham Y tién hanh phan tich phuong
sai & dang da thirc bac 11 ddy di, qua két qua phan tich (Phu luc 4.5) cho thay céc hé
s6 hdi quy AC va BC khong dam bao d6 tin cay (P — value > 0,05), do d6 tién hanh
loai bo cac hé s6 nay ra khoi mé hinh.

Sau khi loai bo cac hé s hdi quy khong dam bao d6 tin cay ra khéi mo hinh va
tién hanh phan tich phuong sai 1an 2 cho mé hinh, két qua duogc trinh bay trong phu
luc 4.6. Tir cac két qua phan tich cho thay cac hé s6 hoi quy déu c6 y nghia (P- Value
< 0,05).

Kiém tra theo tiéu chuan Student. Két qua tinh toan coé t = 2,5709 (phu luc 4.7)
I6n hon gia tri tra trong bang phan bb Student. Nhu vay cac hé sé hoi quy dam bao
do tin cay.

Kiém tra tinh thich ang cua mé hinh Fisher: dwa vao bang phan tich phuong sai
dugc thuc hién trén may vi tinh (phu luc 4.6), ta thay gia tri Lack — of — fit c6 P —
value = 0,079 > 0,05. Do d6, mé hinh hdi quy Y2 1a phu hop.
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Qua két qua kiém tra cac hé sb hdi quy theo tiéu chuin Student va kiém tra tinh
thich img ctia mé hinh theo tiéu chuan Fisher cho thay cac hé sé hdi quy dam bao do
tin cdy va mod hinh hoi quy 1a phu hop.

Phuong trinh hdi quy dang md héa ham Y> phu thudc vao Xi, Xz va Xz duoc
biéu dién nhu sau.

Y, = 7,48092 - 3,66148.X1 - 0,306804.X, - 0,842026.X3 + 0,887687.X:? -
0,28625.X1.X2 + 0,269121.X,? + 0,216101.X3?

Chuyén ham Y2 vé dang thuc, theo két qua tinh toan nhu phu luc 4.20, phuong
trinh hoi quy cho ham NH3 ¢ dang thuc c6 dang nhu sau.

NH; = 109,302 - 3,71507.Ta + 2,25535.v - 0,00689514.P + 0,0347654.T4* -
0,143125.Ta.v + 1,70914.v? + 0,00000352689.P?
% Ung suit cit UsC Y3 (N/cm?)

Tur cac s6 lidu thuc nghiém tuong ty nhu ham Y1 va Y» tién hanh phan tich
phuong sai ¢ dang da thuc bac I ddy du, qua két qua phan tich phu luc 4.9 cho thiy
cac hé s6 hdi quy BB, BC va CC khong dam bao d¢ tin cay (P — value >0,05), do d6
tién hanh loai bo cac hé sb nay ra khoi mé hinh.

Tién hanh loai bo cac hé sd hdi quy khong dam bao do tin cay ra khoi mo hinh
va tién hanh phan tich phuong sai 1an 2 cho mé hinh, két qua duoc trinh bay trong
phu luc 4.10. T cac két qua phan tich cho thay cac hé sé hdi quy déu ¢ y nghia (P-
Value < 0,05).

Kiém tra theo tiéu chuan Student. Két qua tinh toan c6 t = 2,5709 (phu luc 4.11)
I6n hon gia tri tra trong bang phan b Student. Nhu vay cac hé sé hoi quy dam bao
do tin cay.

Kiém tra tinh thich ang cua mé hinh Fisher: dwa vao bang phan tich phuong sai
duoc thuc hién trén may vi tinh (phu luc 4.10), ta thiy gia tri Lack — of — fit c6 P —
value = 0,2003 > 0,05. Do d6, mé hinh hdi quy Y3 13 phu hop.

Qua két qua kiém tra cac hé s6 hdi quy theo tiéu chuan Student v kiém tra tinh
thich ing ctia mé hinh theo tiéu chuan Fisher cho thiy cac hé sé hdi quy dam bao do

tin cdy va mo hinh hoi quy 1a phu hop.
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Phuong trinh hoi quy dang ma hoa ham Y3 phu thudc vao X1, X2 va Xz dugc
biéu dién nhu sau.

Y3 = 7,67622 + 2,08642.X1 + 0,140779.X> + 0,529497.X3 - 0,252179.X12 +
0,25625.X1.X2 + 0,19375.X1.X3

Chuyén ham Y3 vé dang thuc, theo két qua tinh toan nhu phu luc 4.24, phuong
trinh hdi quy cho ham UsC & dang thuc c6 dang nhu sau.

UsC = -22,9757 + 1,08907.Ta - 5,41366.v - 0,00485686.P - 0,00976297.T. +
0,128125.Ta.v + 0,000155.T..P

4.5.4.3. Phan tich két qua thuc nghiém
< Ham thai gian say Y: (phat)

Thong qua ham Y1 ¢ dang ma hoa dé tién hanh phan tich mirc do anh hudng
clia cac yéu té nghién ctru dén thoi gian siy.

Y1 = 524,863 - 90,3056.X: - 11,7418.X, - 60,7252.X3 + 21,247.X:% +
23,625.X1.X3 + 10,2896.X32
Ta thay:

- DAau (-) dung trudc X1 ching t6 nhiét d6 TNS cang 16n thoi gian sdy giam.
Day 1a mbi quan hé ty 18 nghich, pht hop véi Iy thuyét.

- Déu (-) dung trude Xz chimg t6 khi ting van toc TNS thoi gian sdy giam. Day
1a mdi quan hé ty 18 nghich, pht hop véi Iy thuyét.

_-'L:Ta
C:p
AA

AC

cC

0 2 4 [ 8 10 12

Hinh 4.14. 6 thi dnh huwong cia cdc hé so hoi quy dén thoi gian sdy t
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- Déu (-) dimg trude X3 chimg t6 khi cong suat hong ngoai ting kha ning tham
thau cua btc xa héng ngoai tdt hon va déng déu trén toan bo thé tich cta VLS, do do
lam giam thoi gian sdy. Pay 1a mdi quan hé ty 18 nghich, phi hop véi 1y thuyét.

Bén canh d6 tir hinh 4.14 ciing cho thiy anh hudng cua nhiét d6 TNS dén thoi
gian sdy t 1 nhiéu nhat.

< Ham phan trim ham lwong NHs Y2 (%mg)

Thong qua ham Y2 ¢ dang ma hoa dé tién hanh phan tich mic do anh hudng
clia cac yéu tb nghién ctru dén ham luong NHs trong QTS.

Y, = 7,48092 - 3,66148.X; - 0,306804.X, - 0,842026.Xs + 0,887687.X12 -
0,28625.X1.X2 + 0,269121.X,? + 0,216101.X3?

Ta thay:

- Dau (-) dung trude X1 chimg té nhiét dd TNS 16n thoi gian sdy dugc rat ngan

lam cham sy phan giai cac protein va cac axit amin nén ham lugng NHs trong cac

mau muec sau khi siy giam. Pay 12 mbi quan hé ty 1& nghich, phu hop véi Iy thuyét.

T T T T T T T T T T T T T T T T T T T T T T

ATy
AA

C:P
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Hinh 4.15. D6 thi anh hwéng ciia cdc hé s6 hoi quy dén phan % NHs
- Dau (-) dimg truée Xz chimg té khi tang van tbc TNS ham lwong NH3 gidam
do thoi gian sdy giam. Day 1a mdi quan hé ty 18 nghich, phu hop véi 1y thuyét.
- Dau (-) dung trudc X3 chimg to cong sudt hong ngoai ting ham luong NHs
giam do thoi gian sy giam nén ham luong NH3 cling giam. Pay 1a mdi quan hé ty 18

nghich, pht hop véi Iy thuyét.
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Bén canh d6 tir hinh 4.15 ciing cho thiy 4nh hudng cua nhiét 6 TNS 1én phan
tram ham lugng NHj3 1a nhiéu nhat.

% Ham &ng suit cit Ys (N/cm?)

Thong qua ham Y3 ¢ dang ma hoa dé tién hanh phan tich mic d6 anh huong
clia cac yéu t6 nghién ctru dén tng suit cit cua muc ong trong QTS.

Y3 = 7,67622 + 2,08642.X1 + 0,140779.X> + 0,529497.X3 - 0,252179.X12 +
0,25625.X1.X2 + 0,19375.X1.X3
Ta thay:

- DAu (+) dimg trude Xi ching t6 nhiét d6 TNS 16n Gmg suét cit ting, do khi
nhiét d tang da lam giam cac lién két hydré do d6 kha nang hoi am giam xudng, cac
protein cua co thit cang tré nén san chéc, dai va cimg hon do d6 Gmg suét cit ting dan
dén chat lugng muyc kho giam. Pay 1a méi quan hé ty 1¢ thuan, phit hop véi ly thuyét.

- Dau (+) dtng trudc Xz chimg t6 khi ting van téc TNS s& 1am cho bé mit cia
vat liéu chai cimg hon do vy tng suit cit cling bi anh huong it nhiéu, phu hop véi

1y thuyét.

.......
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Hinh 4.16. D6 thi anh hwdng ciia cdc hé s6 hoi quy dén iing sudt cdt
- Dau (+) dimg trudc X3 ching t6 cong suit phat hong ngoai ting tng suat cit
tang do cudng do manh muc do tham thau nhanh lam gidm nudc nhanh nén d6 cing
cling ting theo. Pay 1a mbi quan hé ty 1& thuan, phu hop véi 1y thuyét.
Bén canh d6 tir hinh 4.16 ciing cho thdy anh hudng cta nhiét d6 TNS 1én tng

suat cat cua muc Ong sau khi say la nhiéu nhat.
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4.5.5. Xac dinh cac thong sb va chi tiéu phlu hep cho thiét bi sdy muc ng bang
phwong phap bom nhiét két hop héng ngoai
4.5.5.1. Xac dinh c4c thong sé chi tiéu phd hop

Xuit phat tir cac myc ti€u nghién ctru, bai toan tdi wu duoc thiét 12p trén co s&
ba ham chi tiéu t, NHs, UsC dic trung cho cac chi tiéu nghién ctru 1a chit luong va
k¥ thuat.

- Chi tiéu t6i wu vé ham thoi gian sy t 1a dai lugng dic trung cho chi tiéu k¥
thuat ciia thiét bi sy, trong d6 thoi gian sy ngan thi muc tiéu thy dién ning riéng
cang thap.

- Chi tiéu t6i wu vé phan trim ham NHs trong muyc ong 1a dai luong dic trung
cho chi tiéu ky thuat va chét lwong ctia thiét bi séy, phén tram ham luong NHs do su
phan giai ciia protein va axit amin trong cac mau sau khi sdy la thap nhat.

- Chi tiéu t6i wu vé do ciing cia muc ong 13 dai lwong dic trung cho chi tidu k¥
thuat va chat luong cua thiét bi sdy dugc danh gia thong qua Gmg suat cit cua vat lidu
sau khi sdy 14 thdp nht.

- Chi tiéu toi vu chung hay con goi 1a da muc tiéu 14 bai toan thuong luong giira
chi tiéu chat luong va k¥ thuat cta thiét bi sdy muc dng dé sao cho dong thoi thoi
gian sdy 14 ngin nhat, phan tram ham luong NHs va UsC ctia cac mau sau khi sdy 1a
thap nhat.

- Thong s6 toi wu 12 gié tri cac thong s6 dam bao tri sd chi tiéu tdi uu.

Céc bai toan t6i wu duoc giai trén may tinh bang phan mém excel.
Nhu vay tr muc dich nghién ctru, chiing t61 xét 4 bai toan t6i vu nhu sau:
+¢ Bai toan 1. Ham muc tiéu: t=> min
t = 3633,95 - 102,19.T, - 29,3557.v - 1,25957.P + 0,83059.T4? + 0,0189.T..P +
0,000166155.P? > min
Ham diéu kién: 53,5>Ta>36,5
1,67>v=>0,33
920,5>P=>79,5

% Bai toan 2. Ham muc tiéu: NHz = min



107

NH; = 109,302 - 3,71507.Ta + 2,25535.v - 0,00689514.P + 0,0347654.T4* -
0,143125.Ta.v + 1,70914.v? + 0,00000352689.P? = min
Ham diéu kién: 53,5 > Ta> 36,5
1,67>v=>0,33
920,5>P=>79,5
+ Bai toan 3. Ham muc tiéu: UsC = min
UsC = -22,9757 + 1,08907.Ta - 5,41366.v - 0,00485686.P - 0,00976297.T. +
0,128125.Ta.v + 0,000155.Ta.P = min
Ham diéu kién: 53,5 > Ta> 36,5
1,67>v>0,33
920,5>=P=>79,5
+ Bai toan 4. Ham da muc tiéu: t & NHz -2 min va UsC - min
t = 3633,95 - 102,19.T, - 29,3557.v - 1,25957.P + 0,83059.T.% + 0,0189.Ta.P +
0,000166155.P?> min
NHs = 109,302 - 3,71507.T. + 2,25535.v - 0,00689514.P + 0,0347654.T4° -
0,143125.Ta.v + 1,70914.v? + 0,00000352689.P? = min
UsC = -22,9757 + 1,08907.T, - 5,41366.v - 0,00485686.P - 0,00976297.T.> +
0,128125.Ta.v + 0,000155.Ta.P = min
Ham muc ti€u: t > min
Ham diéu kién: NHs > NHs)
UsC > UsCs)
53,5>Ta>36,5
1,67 >v>0,33
920,5 >P>79,5
4.5.5.2. Két qua giai bai toan
St dung ham Solver trong excel tién hanh giai cdc bai toan tbi wu ta co.
% Két qua giai bai toan 1
Thong sb tbi wu:

= Nhiét do TNS: Ta=53,3°C
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= Vantéc TNS: v =1,67 m/s
= Cong suat hdng ngoai: P = 7745 W
= Chi tiéu thoi gian sy: t = 379 pht
% Két qua giai bai toan 2
Thong s tbi wu:
= Nhiét @ TNS: T =52,7°C
= Vantdc TNS: v = 0,33 m/s
= Cong suat hong ngoai: P = 920,5 W
= Chi tiéu phan trim ham leong NHz: NHz = 3,2%mg
% Két qua giai bai toan 3
Thong sd tdi uu:
= Nhiétdo TNS: Ta=36,5°C
= Vantéc TNS: v =1,67 m/s
= C6ng suat hdng ngoai: P = 79,5 W
= Chi tiéu tng suat cat: UsC = 3,32 N/cm?
< Két qua giai bai toan da muc tiéu
Thong s t6i wu:
= Nhiét d6 TNS phi hop: Ta = 46,5°C
= Van téc TNS phi hop: v=1,1 m/s
= COng suat hong ngoai phi hop: P = 528 W
= Chi tiéu thoi gian siy: t = 489 pht
4.6. Thuc nghiém so sanh dwong cong ché dd say phi hep
Thong qua phuong phéap quy hoach da yéu té xac dinh duoc cac thong s6 tdi wu
(phii hop) cua thiét bi sdy véi cac gia tri cu thé nhu sau: Nhiét d6 TNS T, = 46,5°C,
van toc TNS v = 1,1 m/s va cong suat hong ngoai P = 528 W. Dé tién hanh so sanh
duong cong sdy va dudng cong toc do say & ché do sdy phu hop, ching t6i tién hanh

sdy thuc nghiém va tinh toan 1y thuyét tai ché d6 sy cuia bai toan phu hop.
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Biang 4.12. Két qua thue nghiém va 1y thuyét vé do chira am trung binh ciia vat

liéu tai ché do sy phu hop

TGS Ly t;huyet, Thu:c TGS Ly txhuyet, Thu:c
¢ ohat kg am/kg nghiém, kg ¢ phit kg am/kg nghiém, kg
P VLK | dmkgVLK | P VLK Am/kg VLK
0 5,250 5,250 270 0,936 0,969
30 3,998 4,324 300 0,789 0,800
60 3,241 3,637 330 0,666 0,659
90 2,693 3,002 360 0,565 0,538
120 2,250 2,512 390 0,480 0,437
150 1,884 2,084 420 0,409 0,355
180 1,579 1,721 430 0,351 0,336
210 1,324 1,425 459 0,333 0,333
240 1,112 1,177 480
55 ‘_ ¢ Thyc nghiém
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Hinh 4.17. Puong cong sdy giita két qud dir dodn véi thiee nghiém tai ché dé sdy

phu hop
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Hinh 4.18. Buong cong téc dé sdy cia két qua dw dodn véi thiee nghiém ché do sdy
phu hop
Két qua dy doan va thyc nghiém tai ché do say phu hop duoc trinh bay trong
bang 4.12 va hinh 4.17. Sai 1éch vé d6 chira 4m giira két qua du doan va thuc nghiém
Pu 12 7,3%, sai s6 RMSE 12 0,19. Thoi gian sdy can thiét dé dat d6 chira 4m yéu cau
ctia két qua 1y thuyét va thuc nghiém 1a 480 phit va 459 phut, sai 1éch 1a 4,3%.
4.7. Két luan chwong 4
1. Thuc nghiém d3 ching minh dugc sy phi hop ctia mé hinh toan thiét lap vé
mit qua trinh sdy ciing nhu dong lec QTS. Két qua phan tich va so sanh cho thiy
phan bd nhiét 46, do chira am, tdc d6 sdy dugc tinh tir mo hinh toan thiét 1ap c6 bién
dang va xu huéng phu hop voi dién bién thyc té khi tién hanh thuc nghiém, sai s6 vé
d6 chira am trung binh 16n nhat khi siy bang phurong phap bom nhiét cé su hd trg clia

btrc xa hdng ngoai 1 12,3%.
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2. Xac dinh duoc anh huong cua cac ché do sy Ién chat luong muc dng sau khi
say.

3. Sir dung phuwong phap quy hoach thuc nghiém xac dinh duoc ché do siy phu
hop trén co s md hinh hoéa vé thoi gian say, phan trim ham luegng NHs va tng suat
cit vGi cac gid tri cu thé nhu sau: Nhiét do TNS Ta = 46,5°C, van téc TNS v = 1,1

m/s va cong suit hdng ngoai P = 528 W.
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KET LUAN VA KIEN NGHI

KET LUAN
Céac két qua nghién ctru cua luan an da dat dugc muc ti€u va cac ndi dung can
nghién ctru ctia luan an. Tt nhitg két qua nghién ctru trong ludn an, ching t6i rat ra
mot sb két luan chinh sau day:
1. Bang thuc nghiém da xay dung dugc cac phuong trinh xac dinh tinh chat nhiét
vat Iy cia muc 6ng tai Viét Nam nhu sau:
- Nhiét dung riéng cia muc dng;

C, =3113+0,006.0 (R?=0,968)

- Khoi lugng riéng cua muc Ong;

Py = 2059—71[£j—736exp[0, 2472j (R*=0,976)

@y, @,
- D6 am can bang ciia myc ong;
o, =[exp(-1,383-0,029.T)]"* (- In )

- H¢ so khuéch tan am,;

D (T )22,521.10_3exp{_ 42810,909 }

8,314.(T +273,15)

- Thong s6 nhiét an hoa hoi cia muc éng.
h
hi =1+0,5549exp(—2,3115- w)
fgo

2. Xéc dinh dugc phuong phap siy muc 6ng bang thiét bi say bom nhiét két hop
btrc xa hong ngoai. Xay dung dugc mé hinh toan biéu dién qua trinh TNTA trong
QTS muc 6ng bang phuong phap sdy bom nhiét két hop birc xa hong ngoai khi xét
dén anh huong d6 4m dén hién tuong dan nhiét.

3. Hé phuong trinh TNTA dugc giai dong thoi bang phwong phap sai phan hiru
han, két qua d3 duoc kiém chimg véi két qua da duogc cong bd cia cac tac gia khac
khi nghién ctru vé siy muyc. Mat khac két qua nay ciing dugc kiém ching su phi hop

thong qua thuc nghiém.
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4. Bang phuong phap quy hoach thuc nghiém luan 4n d3 xac dinh duoc mé hinh
hdi qui biéu dién sy phu thudc giira thoi gian say, ham lugng NHs va Gng sudt cit véi
nhiét @6 TNS, van toc TNS va cong suat ngudn phat hdng ngoai nhu sau:

t = 3633,95 - 102,19.Ta - 29,3557.v - 1,25957.P + 0,83059.T.? + 0,0189.Ta.P +
0,000166155.P?

NH; = 109,302 - 3,71507.T. + 2,25535.v - 0,00689514.P + 0,0347654.T4> -
0,143125.Ta.v + 1,70914.v? + 0,00000352689.P?

UsC = -22,9757 + 1,08907.Ta - 5,41366.v - 0,00485686.P - 0,00976297.T. +
0,128125.Ta.v + 0,000155.T..P

5. Trén co s cac phuong trinh hoi qui, sir dung phuong phap t6i uu hoa da xac
dinh duoc ché do sdy phu hop cho muyc éng.

- Nhiét @6 TNS phu hop: Ta =46,5°C
- Van téc TNS phi hop: v =1,1 m/s
- Cong suat hong ngoai phi hop: P = 528 W
Céc két qua dong gop cia dé tai 1am phong phu thém nguon tai liéu tham khao
lién quan dén nghién ctru chuyén sau vé truyén nhiét truyén am, vé thuc nghiém qua
trinh siy 1y thuyét.
KIEN NGHI
Véi két qua nghién ctru cta luan 4n, chung toi thay can tiép tuc nghién ctru sau
hon mét s6 ndi dung sau:
Maic du ndi dung nghién clru cua luan an da dat dugc mat s6 két qua ly thuyét
va thyc nghiém, tuy nhién can trién khai thi nghiém & quy mé 16n hon dé danh gia

hiéu qua kinh té cua k¥ thuat sdy ma luan an dé xuat.
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