86

NGHIEN CUU KHOA HOC KY THUAT

NGHIEN cUU VE TRUDNG NHIET B0, TRUUNG T0C BO
VA TRUGNG AM B0 TRONG LO SAY THUOC LA BOI LUU Tlf NHIEN

RESEARCH ON HEAT FIELD, VILOCITY FIELD AND HUMIDITY FIELD
IN NATURAL CONVECTION TOBACCO LEAF DRYER
Nguyén Hay
Khoa Co khi Cong nghé, Dai hoc Nong Lam Tp. HCM
DT:8960721; FAX: 8960713

SUMMARY

Model of dryer chamber must be guaranteed well
and legally for functions of regulation on drying
tobacco, that mean temperature field must distribute
evenly on surface of Tobacco leyers corresponding to
required regulation (drying Tobacco). Velocity field
of drying agent has to be distributed evenly when it
move through layers of Tobacco in order to guarantee
for biochemistry, evaporation and humid
transportation process. Humidity field of drying agent
must be distributed evenly on the surface, maintain
constant corresponding to the time of yellow covered
stage and the time of drying in the best way.
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Co s6 phuong phap xay dung mo hinh nghién
ciu 10 say thuéoc 14 d6i luu tu nhién

Say thudc 14 1a mot qua trinh phic tap, vi phai
thuc hién qua trinh sinh héa xay ra dong thoi véi
qud trinh sdy kho. Chat lugng ctia 14 thude phu
thudc rat nhiéu vao su phan bo cia truong nhiét
do t, truong toc do o va trudng &m do ¢ cta téc
nhan s4y theo thoi gian sdy 7.

Dé tao dugc mau mo hinh nghién ctu tot trude
tién tao 2 mo6 hinh nghién ctu cuc b9, sau dé ghép
lai dé phdi hgp trén mo hinh téng thé nham dat
dugc cdc s6 lidu tin cAy va c6 tinh kha thi cao:

- M5 hinh d6t than vo vién trén ghi ¢ dinh
nham tim ra cdc thong sé toi uu cho budng dot véi
loai nhién liéu nay.

- MBb hinh 16 sdy gdom cach bo tri thiét bi va vat
liéu sdy nham nghién ctiu cac qda trinh nhiét, khi
dong cta budng, cach sap xép san phdm say... va
anh huéng ctia n6 dén chat lugng 14 thudc say.

M6 hinh budng siy can phai bdo dam tot va
hop ly céc chitc ning clia qia trinh sdy thudc 14,
nghia 12 trudng nhiét d phai phan b déu theo
mit bang cic 16p vat liéu sdy ting vé6i qui trinh yéu
cau. Truong toc do tac nhan sy chuyén dong qua
16p vat lidu phai dugc phan b déu va thich hgp dé
dédm bdo cho qua trinh sinh héa (4 vang) va qua
trinh bay hoi tdi 4m. Truong 4m d9 cia tdc nhan

sdy can phai phan bd déu trén méit phang nim
ngang, duy tri khong ddi tuong tng vé6i thoi gian G
vang va thoi gian sdy kho mot cdch tot nhat.

Truong nhiét do trong budng siy

Dbong luc chti y&u chi phdi chinh dén qu4 trinh
sdy la truong nhiét do t, do d6 cAn phai dugc xem
xét trude dé tao su phan bo thiét bi trao d6i nhiét
(TPN) trong budng say.

Trudng nhiét do doi luu tu nhién muén phan
b6 déu trong budng sy thiét bi TDN phai dugc
sdp x&p dat cac diéu kién sau:

- Onglita chinh (6ng dai héa) c6 nhiét do bé mat
cao, kha nang tdéa nhiét 16n phan bd giita 1o ddm bao
cung cap nhiét cho mot vung 16n.

- Cé4c 6ng ltia nhé (phan héa) dugec phan bd
vong than 10, ¢c6 khodng cdch nhat dinh do6i véi
clia hit dé gio néng lan téa déu. Cac dng dai hda
va phan hda phai c6 duong kinh D tuong ing dam
bao qua trinh d6i luu ¢ ché do chdy roi nham cé su
khuéch tan nhiét dong déu khi qua tang 14 dau.

- Lo dét dugc dit nim trong budng sdy dé
tan dung nhiét, phan bd khong déu giita viing giao
clia Anh hudng cac 6ng trao ddi nhiét dugc b sung
béi gio néng cap 2 14y tir 40 budng dot.

- Lép vat lidu say phai duoc sap xép hop Iy theo
chiéu ngang cling nhu s tang theo chiéu cao, nham
tao tré khang khi dong dong déu trong 1o.

- Can phai c6 do 6n dinh nhiét phia du6i tang 14
cudi thich hgp dé nhiét do lan tda trude khi gié néng
xuyén qua tang 14 thubc siy dau tién.

- Caéc ctia hit va ctra thoat phai duge bo tri
hgp 1y vé vi tri, kich thu6c cling nhu dién tich ctia
hat va thoat.

N&u c4c yéu t6 trén khong bo tri hai hoa, thich
hgp thi khong thé tao duge trudng nhiét do dong
déu. Trén co sé phan tich cdc yéu t6 dnh hudng
trén, so dé nguyén 1y bo tri thiét bi trong buéng
sdy thé hién trén hinh vé 1.
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Su phan bs nhiét do va tdc do trong qué trinh
trao d6i nhiét v6i 6ng nim ngang dugc thé hién
béi hé phuong trinh vi phan:
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Hinh 1. Mgt cdt ngang cia 1o sdy thudc ld
Ghi chu: 1. Cia hut; 2. Ong nhigt chinh;
3. Ong nhiét phu; 4. Lép thudc ld; 5. Ciia thodt
- Phuong trinh chuyén dong:

- Phuong trinh ning luong:

- Phuong trinh trao ddi nhiét:
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Ra = (Gr,Pr)

Theo tinh ch&t nhiét vat ly ctia khéi thi trong
khodng nhiét d6 nay nhiét dung riéng C_ bién
d6i khong ddng ké nén c6 thé xem nhiét do khéi
bién d6i chiéu dong chay theo quan hé dudng thang,
nghia 1a nhiét do trung binh cia dong:

Dua trén co s6 nay ta sé tinh dugc nhiét do caa
khéi trén doan 6ng dai héa va phan héa.

Nhiét do khong khi bén ngoai (tdc nhan say) &
ch& do say cao nhat 1a 70°C nén coi E =70°C.

Cuong do trao ddi nhiét vé phia khéi bién doi
trong khodng o, = 35+45 w/m?.°C, con cudng do
trao d6i nhiét vé phia khong khi khodng o, =~ 12+20

w/m2.°C. Can ct trén 1y luan vé cac loai nhiét tré,
néu bé qua nhiét tré dan nhiét thi c6 thé xem:

- 1 - -
(tfl —ty) = E(tfl —tg;)

Tir cdc diéu kién da xét & trén tim

0w o oo ’w, o,  do dugc gi6i han cho 6ng TPN dam b
— 1, X 4 X 4 X)) _ X 4 X 4 X) 4 At ./C g101 an,c 0 ong am bao
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- Phuong trinh lién tuc:

ot &, ot _ 2% o' o%
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Trong d6:
A ot
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d _
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o, - Cuong do trao d6i nhiét bé mét 6ng.

P& tim dugc diéu kién xéc dinh kich thu6c toi
thiéu clia 6ng dai héa va phan hda, cAn phai xét su
phan bd nhiét do trén bé mat vach dng clia toan chiéu
dai. Muc dich 14 phai tao dugc diéu kién chay roi cia
tac nhan sy khong khi bén ngoai 6ng nhu vy mdi
tan dung dugc dién tich bé mit trao ddi nhiét, sulan
téa nhanh chéng dong déu cta truong nhiét do.

Qua quéa trinh nghién ctu thuc nghiém k&t hop véi
phuong trinh vi phan trén, muon chit 1ong chay roi can
phai thoa man tiéu chuén Rayleigh; Ra > 2.107

Ra = Gr.Pr=2,32.10°.D?

biéu kién 16p bién chay roi la Ra > 2.107 thi
duong kinh ngoai ctia 6ng dai héa va phan héa
phaéi ¢6 kich thuée D > 0,205 m.

Do ché& do say con c¢6 nhiing giai doan nhiét do
thap hon nén dudng kinh 6ng trao déi nhiét chon
trong mo hinh c6 trong pham vi 0,4m > D > 0,3m.

Tang du6i cing 1a tang éng lta (thiét bi trao doi
nhiét), su bo tri thiét bi TPN can c6 kich thuéc
gon, nhung ddm bao su phan bé tdc do va nhiét do
dong déu. Kich thuéc 6ng TPN can phai bado ddm
diéu kién 16p bién nhiét va 16p bién thiy luc chay
roi § mic do cao, tao diéu kién khuyét tan nhiét &
phan 6n dinh dang du6i 16p 14 cudi cung (hinh 2).

Truong toc do trong budng siy

Theo dinh luat bdo toan niang lugng 4p dung
trong truong hop doi luu tu nhién thi cong do luc

At
ning thuc hién trén quang duong L la pgf 7L
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phai can bang véi dong nang tao nén dong khi qua

Otp

I6p vat liéula p >

pgBALL _ pog,
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Tu day tim dugc quan hé:

o, = /gPAtL

Do quan hé nay néu khong ché tot truong nhiét «
dd qua cac 16p 14 mot cach dong déu thi truong toc
do cang dong déu, vi tif quan hé trén ta da nhan
thay s6 mi cia o, 1a 1 con At ¢6 s6 mi 1/2, nén
mot su bién dong nho ctia At s& Anh huéng khong
dang ké véi su bién dong o,
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Hinh 2. Lép bién nhiét

Tré khang thiy luc 16p 14 khi tuoi 16n hon nhiéu
so v6i ldc kho nén déng vai tro 6n dinh tré khang
rat tot cho dén khi ting trén cung bt dau khso.
Khi tang trén bat ddu kho teo lai thi nhiéu tang
du6i da kho 6n dinh, ddm béo cho su 6n dinh méi
clia tré khang thiy luc sudt qia trinh sdy. Ching
ta khong thé tinh cu thé bing phuong trinh nhung
no6 phai duge danh gia qua xit 1y s6 lidu thuc nghiém
dé tim dugc diéu kién t6t nhat c6 thé.

Trudng Am cua tac nhan siy

Trudng 4m do va truong nhiét do tac nhan sy
déng vai trdo quan trong déi véi qa trinh sinh héa
va lam kho san phdm trong budng sdy dé cho ra
sdn phdm c6 ch4t lugng cao, chi phi nhién liéu
thap.

Trudng 4m do cta cic tang theo chiéu cao sé
bién ddi theo thoi gian dé ddm bao yéu cau cia
qué trinh sinh héa. Quan hé gitta 4m do va thoi
gian sdy cda cac tang sé dién ra theo dang nhu do
thi hinh 3.

D& dam bao qué trinh sinh héa xdy ra thuan loi
thi phai chon s6 tang thich hop, s6 tang qua it
khong dam bao du diéu kién do 4&m va thoi gian G,
néu s6 tAng qud nhiéu, thoi gian 4 kéo dai chat
lugng 14 thudc sé kém. Qua téng két cac s6 lieu
ctia 1o say trong nuéc va nu6e ngoai hoat dong nhiéu

NGHIEN CUU KHOA HOC KY THUAT

nam thi sd tang thuc hién trén moé hinh nghién
ciilunén c6 so tangn =4+ 7.

D& ddm bao tinh trung thuc vé déng dang clia
hién tuong vat 1y (khé du dodn hét bing cédc tiéu
chuin dong dang) nén chon ty 1é giita nguyén hinh
va md hinh thuc nghiém 1a 1:1.
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Hinh 3. Quan hé gitta dm do va thoi gian sdy
NGHIEN CUU THUC NGHIEM

Trudng nhiét do va trudong toc do

Nghién ciiu dnh huéng cia cdc théng s6 dén do
doéng déu nhiét do trong o sdy thudc ld.

Do dong déu nhiét do phu thudc nhiéu yéu to,
nhung trong nghién ctiu vé say doi luu tu nhién chi
dé cap dén cac yéu to that su danh hudng truc tiép
dén qua trinh nghién ctiu, 12 cac dai lugng diéu khién
duoc va dai lugng do dugc nhu sau: dién tich ctia hat
va ctia thoat; chiéu cao tir ctra hit dén clra thoat; so
tang thudc 14 trong budng sdy va s6 lugng clia hit
(ctia thoat).

Thong s6 dau vao:

X, - Dién tich ctia hit va clra thoat.

X, - Chiéu cao tir cifa hut dén cira thoat.

X, - S6 tang thudc 14 trong budng sdy.

X, - S6 lugng ctia hut (cira thoat).

Thong s6 dau ra:

Y, - D6 dong déu nhiét d trong budng say.

Phuong trinh Y, = f(X ,X X, X ) dugc xay dung
trén co sé thuc nghiém.
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Y, =-1917,29 + 193,52X | +820,83X, +40,89X, + 16,69X,
-96,93 X *-97,46X * - 4,03X * - 0,82X .

Ham dat cuc dai tai:
X, =1X,=42;X,=5;X, =10.

Vay dé do dong déu nhiét do cao nh4t thi dién
tich ctra hit (ctra thoat) 14 1m?2; chiéu cao tir clta hut
dén ctra thoat 12 4,2m; s6 tang thudc 14 trong budng
sdy 1a 5 va s6 lugng ctra hit (ctia thoat) 1a 10.

Nhiét do trong budng siy

- Muc dich: X4c dinh d9 dong déu nhiét do
trong budng say cia céc loai bd trao déi nhiét.

- B& tri thi nghiém.

Céac dau do nhiét do trong 10 sdy dugc bo tri
thanh 3 tang, tAng A nam & 16p thudc 14 trén cung,
tang B nim & 16p thudc 14 gitta va tang C ndm &
16p thudc 14 du6i, mdi tang c6 5 dau do dé do 5 vi
tri theo mat phadng ndm ngang nhu hinh vé 4. Mdi
loai bd trao d6i nhiét dugc tién hanh ngau nhién
va lap lai 3 1an.

K&t qua xi1 1y vé chénh léch nhiét do gita cac tang
trong budng say dugc trinh bay trong bang 1 va 2.

- Kétluan: Qua viéc phan tich cac két qua cta
thi nghiém: nhan thay b trao d6i nhiét loai 3 duong
ong khéi 6 gitia va 1o dot bing thép 2 16p (loai 1).
C6 chi phi nhién liéu thap hon so véi cac loai khac.
Vi loai nay tan dung dugc lugng nhiét téa ra & bau
16 va nhiét do trong buéng say dong déu, din dén
chat lugng 14 thudc sau khi sy c6 ty 1& loai 1 va
loai 2 cao.

Hinh 4. Vi tri ddt nhiét ké trong budng sdy ciia
mot tung

89

Doi v6i loai bo trao d6i nhiét 3 dudng 6ng c6
ong khéi dat mot bén, do tré luc ciia 2 nhdnh dng
khong déu do dé nhiét do tao ra trén méi nhanh
khong dong déu dan dén lam cho nhiét do trong
budng say khong déu.

Doi v6i loai bd trao d6i nhiét 5 dudng 6ng c6 1o
dot bang gach chiu liia, do khong tan dung dugc lugng
nhiét § phan 16 d6t nén lugng nhiét thai ra § 6ng
khéi 16n hon d4n dén chi phi nhién liéu 16n hon.

Doi v6i loai bo trao d6i nhiét loai 3 ¢6 dudong
ong dai héa ngin, nhiét do trong buéng say khong
déu, dan dén pham chat 14 thudc sau khi sdy dat
dugc khong cao.

Van toc khong khi vao budng siy:

- Muc dich: Nham kiém tra d4nh gia luu lugng
khong khi vao budng say va su dong déu cia dong
khi khi qua céc ctia ctia budng say so vé6i viéc tinh
toan thiét k& ban dau, va su anh huéng clia céc
loai bo trao d6i nhiét d&n luu lugng va do dong
déu dong khi vao budng siy.

- B0 tri thi nghiém:

Thi nghiém trén cdc 10 say thudc 14 cé vach
budng siy bang gach (c6 s6 lugng ctia hit 10 clia va
ctia thoat 10 clta) va c6 4 loai bd trao déi nhiét
khédc nhau, mbi loai 10 sy dugc tién hanh ngiu
nhién va lap lai 3 1an.

Tir k&t qud thi nghiém, tién hanh phan tich
bang phuong phdp thong ké dé so sanh do dong
déu van toc khong khi qua ciia hit va clia thoat
budng say cla tiing loai bd trao d6i nhiét & 4 giai
doan nhiét do budng sdy dat dugc 1a 40°C; 50°C;
60°C va 65°C. Két qua dugc trinh bay qua bang 3.

- Kétluan:

+ Van toc vao budng say qua céc clia hat phu
hgp véi 1y thuyét tinh toan tir 1,05 + 1,93 m/s.

+ Van toc ra khéi budng say qua cita thoat phut
hgp véi 1y thuyét tinh toan tir 1,1 + 2,05 m/s

+ Khinhiét d6 trong budng say tang theo qui trinh
say, van toc dong khi vao clia hit va ra clia thoat tang.

+ Khinhiét do tang thi do dong déu van toc giam.

+ Do dong déu van tdc vao ctia cao hon do
déng déu van toc ra clia.

Do dong déu van toc trung binh vao clra hit va
ra ctia thodt cia bo trao d6i nhiét loai 1 cao nhat
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Bang 2. K¢t qué xiz Iy do dong déu van toc
Nhiet dd  Chénh lech vén toc L P) dong déu
Loai b TON bubng iy _ khongkhi (ms) o Peantam OV e 0
0O Chiavao Cliara Cliavio Ciara Ciavao Clhara
40 0.2 0.3 5.22 7.42 94.78 92.58
Loai 1 50 0.4 0.4 7.05 8.66 92.95 91.34
(3 duong, Sng khoi gitia) 60 04 05 821 9.27 91.79 90.73
e 6 05 06 915 1109 9085 8891
40 0.5 0.5 14.69 16.14 85.31 83.86
Loai 2 50 0.6 0.7 15.12 17.17 84.88 82.83
(8 dubing, ong khoi dat ben) 60 0.7 0.7 16.11 18.51 83.89 81.49
U 6608 Lo 1789 . 1941 &1 80.59
40 0.5 0.6 14.98 15.84 85.02 84.16
Loai 3 50 0.6 0.7 16.84 16.88 83.16 83.12
(4 duong, Sng dai hoa ngén) 60 0.8 0.8 17.05 17.97 82.95 82.03
e 6 08 09 1890 1851 8110 8149
40 0.5 0.5 16.69 17.25 83.31 82.75
Loai 4 50 0.6 0.7 17.49 18.59 82.51 8141
(5 duong ong) 60 0.7 0.8 18.08 19.46 81.92 80.54
65 0.8 1.0 19.45 20.93 80.55 79.07

Bang 3. P6 dong déu vdn téc trung binh

Do dong déu van toc
trung binh & cwa thoat (%)

Do dong déu van toc

Loai bo TD
oai b N trung binh & cia hiit (%)

Loai 1 92.59 90.89
Loai 2 84.05 82.29
Loai 3 83.06 82.70
Loai 4 82.07 80.94
100

80T - \

S —.

= 60 |

=3 R

o Tang A

g 40 +

T Lt Téang B
20 T )

—-—--Tang C

0 T s s e e e o e N H s B B A A ms

Thoi gian (gio )
Hinh 5. Truong dm 3 tang trong 1o sdy
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Truong Am

Am d0 dong mot vai tro quan trong trong giai
doan 1 qué trinh say thudc 14. Khi nhiét do budng
sdy tir 32°C dén 38°C, 4m do trong budng sy dat
80% dén 90% la diéu kién dé ciac phan tng sinh
héa bién ddi chat va tao mau cho 14 thudc.

Trén hinh 5 trinh bay 4m do t4c nhan cta 3
tang 14 thudc trong budng sdy. Trong thoi gian 30
gid ddu 4m do cla 3 tAng biang nhau (88%), sau
khoang thoi gian 35 gio (budng sdy md ciia hat va
thoat), 4m do tadng duéi (C) bat dau gidm xudng
65%, con tang A va B c6 gidm nhung rat it (2% -
3%); sau khodng thoi gian 55 gio 4m do tdng B
giam xudng 65%, tang A c6 giam it hon, sau khoang
thoi gian 90 gio thi &m do cia tac nhan trong budng
sdy tuong déi giong nhau, do lic nay lugng nude
trong 14 thudc con rat it chi con lai trong phan
cuéng 14 va duéi dang keo nén rat khé thoat ra.

Quan hé giita truong 4m va truong nhiét duge
trinh bay trén d6 thi hinh 6; 7 va 8.

NGHIEN CUU KHOA HOC KY THUAT
Nhiét do tang A tir 32°C dén 46°C 4m dd bang const.
Nhiét do tang A tir 47°C dén 65°C quan hé giita
trudng 4m va trudng nhiét theo duong Parabol, c6
phuong trinh nhu sau:
Y, = 520,33 -14,5X, + 0,11X,?
Y, : trudng 4m tang A ; X, : truong nhiét tang A
Nhiét do tAng B tir 33°C dén 47°C &m do bang const.
Nhiét do tang A tir 48°C dén 65°C quan hé giita
trudng 4m va trudng nhiét theo duong Parabol, c6
phuong trinh nhu sau:
Y, = 231,35 -4,07X,, + 0,02 X2
Y, : truong 4m tang B

X, : truong nhiét tang B

Nhiét do ting C tir 34°C dén 38°C 4m do bing const.

DO THI QUAN HE TRUGNG AM VA
TRUONG NHIET TANG A

100
80 +

S 60T

o 40 T

5 w0

=

0

32 34 36 38 40 44 47 50 55 62 63 64 65

NHIET PO (°C)

Hinh 6. D6 thi quan hé giiia truong dm va truong nhiét ting A

Hinh 7. D6 thi quan hé giiia truong dm va truong nhiét ting B
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Hinh 8. Dé thi quan hé gita truong dm va truong nhiét tang C

Nhiét do tang C tir 39°C dén 65°C quan hé giita Tir ciac két qua thuc nghiém phdi hgp trén méd
trudng 4m va trudng nhiét theo duong Parabol, c6  hinh téng thé, v6i céc so lidu thuc nghiém cung
phuong trinh nhu sau: cap day du cho ching ta cac thong s6 ky thuat can

thiét hop ly dé xay dung dugc mo hinh 1o sy thudc
Y, =92,71 + 0,19X . - 0,01X 2 14 d6i luu tu nhién thich hgp véi quy mé so ché

thudc 14 tai Viet Nam.
Y, : truong 4m tang C . A )
Do thi quan hé truon Cg 4m va trudng nhiét tangléd ! LIEU THAM KHAO

100 — X, : truong nhiét ‘tang
A. HIRUN and A. PROMWUNGKWA - Flue Cured
90 € : Tobacco - Department of mechanical Engineering

80 - Chiang Mai University, Chiang Mai 50002
Qua nghyén cttu thuc nghiém c6 duge mot s6 ThaiLand, 1981.

70 T k&t qua

60 - ANTHONY F.MILL - Basic heat and mass transfer
Xéc dinh qui trinh diéu chinh ctra hat cita -IRWIN, Chicago USA , 1995.

50 T theo qui trinh siy hop 1y.

40 + URST B.C - Tobacco - Longmans Green -

30 4 Budng say c6 dién tich ctia hit bang dién tich  Co Ltd, 1973.

| ctia thodt 1a 1m?2, s cfa hit bing so clia thoat 1a
20 + 10, chiéu cao tir ctra hut dén ctia thoat 4,2m, s6 E.R.G. ECKERT, R.M. DRAKE - Analysis of Heat
| tAng 14 thudc trong budng sdy 5. and mass transfer - McGraw - Hill - USA 1972.

34 %5‘%“(?75‘% Vil %2%@%336%@; %%aéggﬁfé&)gga% ngggtgﬂ,ggqsmcgg%]%oma State University, 1996.

uoc phuong trinh quan
truong nhiét) NFRRNROXOOWHITE - Heat and mass trarsfer -

University of Rhode island, 1988.
Tang A: Y, = 520,33 -14,5X, + 0,11X,2
Tang B: Y, = 231,35 -4,07X, + 0,02 X2

Tang C: Y, = 92,71 + 0,19X, - 0,01X 2
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