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RESEARCH ON RECYCLING WASTE HEAT FROM RICE PAPER STOVE FOR RICE PAPER DRYING
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Toém tat - .Bai bao nay dé& xuat cac co s tinh toan thiét ké mot
thiét bi s&y tan dung nhiét thai tir 16 trang banh dé& gia nhiét cho
khong khi cp cho qua trinh s&y. Thiét bi s&y c6 calorifer st dung
éng nhiét trong trwong. Ong nhiét dwoc sang ché tr rat lau tuy
nhién viéc nghién cru (ng dung n6 mai chi phat trién manh gan
day. Viéc dung khong khi nong dé& sdy vira ddm bao chét luong
banh trang vira ddm bao sirc khée nguwoi lam viéc do tranh tiép
Xuc v&i khoi déc. Tan dung nhiét thai han ché dwoc viéc dbt nhién
liéu than cui do vay tiét kim ning lwong ddng thoi giam thai 6
nhiém méi trwong. Thiét bi dwoc ché tao véi cong suat 3 kg/h va
danh gia thwe nghiém. Thiét bi co thé duwoc trién khai (rng dung
réng rai trong san xuét.

Tir khéa - nhiét thai; 6ng nhiét; say; tiét kiém nang lwong; méi trwong.

1. Pit van dé

Hién nay céc 10 trang banh thu c6ng & mién Trung khi
hoat d6ng vao mua mua, banh trang duoc sy tir khoi cua
than, cui dbt nén banh trang ¢ chét luong khong dam bao,
mét vé sinh va con gy anh huong dén stc khoe ngudi lam
viée cling nhur ngudi tiéu ding. Trong khi nhiét thai tir ong
khoéi cuia 10 trang banh rat 16n (nhiét d¢ trén 300 °C), day la
mot sy lang phi. Pa c6 mot s6 bién phép thu hdi nhiét thai
nay nhu: kéo dai duong khéi sy banh qua bé miat ngoai
6ng khoi, sdy bang chinh khi 10 trang bénh,... Tuy nhién,
hiéu suat thu hoi kém, thoi gian say lau, chat luong banh
trang khong dat yéu cau. Dé khac phuc nhing han ché nay,
chung t6i da manh dan dé xuét phuong an st dung ong
nhiét trong truong dé tan dung nhiét thai tir dng khoi gia
nhiét cho khong khi cip cho qué trinh séy.

2. Co sé Iy thuyét vé dng nhiét trong truomg
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Hinh 1. Nguyén li 6ng nhiét trong truong

Ong nhiét [3] 1a mdt phfin ttr trao d6i nhiét co khong
gian khép kin, bén trong chira moi chit xay ra hai qua trinh
chuyen pha 1 s6i hoa hoi va ngung tu. Moi chat nap trong
dng s& nhan nhiét tir ngudn nong tai phén s6i cua bng, sOi
hoéa hoi va di chuyén 1én phin ngung nha nhiét cho ngudn
lanh 1ol ngung tu thanh 16ng, sau do lai quay tré vé phén
s0i nho cac luc khac nhau: luc trong truong, luc mao dan,
luc ly tam, luc dién truong, luc tir trudng,... Ap Suit va
nhiét d6 lam viéc bén trong dng nhiét chinh 14 4p suat va
nhiét do hoi cua chit long nap bén trong éng nhiét.

Abstract - .This paper proposes the design and calculation of a
drier that takes advantage of waste heat from rice paper stove to
heat the entering air for drying. The drying device uses a gravity
heat pipe. The heat pipe was invented a long time ago but its
research and applications only thrive in recent time. Using hot air
for drying not only ensures the quality of rice paper, but also
protects workers from contact with toxic fumes. Recycling waste
heat reduces the amount of coal and firewood burnt, resulting in
energy conservation and lower pollution emissions. The device
was manufactured with a capacity of 3 kg/h and experimentally
evaluated. It is feasible for this device to be widely applied in
production.

Key words - waste heat; heat pipes; drying; energy conservation;
environment

Véi dng nhiét trong truong, luc dua chit 1ong ngung
quay vé lai phan s6i 1a Iuc trong trudng va phin s6i bao gid
cling thip hon phin ngung. Dé cho ong nhiét trong trudng
hoat dong binh thuong thi goc nghiéng (goc tao boi truc
6ng nhiét va hinh chiéu ciia n6 1én mat phang nam ngang)
khong dugc nhé hon 10°,

Cong suat truyén tai cua dng nhiét khong duoc vuot
qué cong suat nhiét t6i han (1a cong suét truyén tai nhiét
16n nhit ma dng nhiét chua bi héng). Thudng cong suét
nhiét t&i han 161 cudn Q. 1a cong suat nhiét téi han c6 gia
tri nho nhét, khi ta tinh toan chi can quan tdm dén gia tri
nay. Theo [3], Q. dugc xac dinh:

0,13
Qe = O, 64A;, [pﬁj _r|:o-.g.p112.(p_ph ):|0,25 (1)
h

Cong suit nhiét trong [3]:

O =5,24.A5(t; —1,,)"" )
Cong suét nhiét toan bo [3]:
t,—t,
O=—-= 3)

R R +Rs+R,+R,+R, +R, +R,
& ché @6 nhiét 6n dinh thi Q; =
A — hé sb kich thuée cua éng nhiét,

Q, trong do:

£ — hé s6 tinh chét vat Iy ciia moi chit nap,

R — tdng nhiét trs, K/W,

R., Ris, Rs, R, Ry, Ryn, Ry, 14 cc nhiét tré thanh phan, K/W,
—nhiét do trung binh nguén nong tai phﬁn sOi cua éng, 'C,

t,, —nhiét d6 trung binh ngudn lanh tai phan ngung ctia dng, °C.

3. Tinh toén thiét ké thiét bi siy tan dung nhiét thai tir
10 trang banh dé say banh véi calorifer sir dung ong
nhiét trong trudng
3.1. Nguyén li thiét bi sdy tin dung nhiét théi

Nguyén li hoat dgf)ng cua thiét bi séiy tan dung nhiét thai
tur 10 trang banh dé say banh trang (Hinh 2).
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Trong d6:

1 —Nhién liéu d6t céip vao 10 trang banh (tréu, mun cua,..);
2 —DBuodng khoéi vao calorifer;

3 — Calorifer ong nhiét trong truong;

4 —Puong khoi thoat;

5 —Khong khi tuoi;

6 —Khong khi nong;

7 —Budng sy banh trang.

Hinh 2. So d6 nguyén li thiét bi sdy
3.2. Cong suit nhigt dw kién tén dung tiv ong khéi ciia 1o
trang bdanh
_Cong suat nhiét cua khoi c6 thé tan dung ciia b thu du
kién s€ la:
Quh = Gin.Cpih. (ten” — tin”) @)
=0,17.1,122.(300 - 230) = 13,1 kW
3.3. Tinh todn thiét bi siy
- Cong suét thiét bi siy: Go=3 kg/h
- Thoi gian sdy: 30 phit
- Do 4m dau va sau vat liéu sdy: 80 % va 12 %
- Nhiét d6 vao va ra thiét bi sy: t'q = 70 °C, t'a = 36 °C
- Lugng khong khi kho can thiét cho qua trinh say:
L =850 kg KKK/h.
- Lugng nhiét can thiét cho qu4 trinh sdy: Q = 9,8 kW.
- Kich thudrc cta bubng sdy: (LxRxH) = (830x830x900) mm

i
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Hinh 3. Céu tao buong sdy
3.4. Tinh todn calorifer éng nhigt
Pé tinh toan calorifer ng nhiét trong trudng thi phai
tinh cong suat cia mdt Ong nhiét, xac dinh cong suat nay
can giai h¢ phuong trinh:

Ati tis - tin
Q ==
R R +R,+R,
O =524 A(t;s —1,,)."7 (5)
At,-o’75
52448

Gidi h¢ phuong trinh nay st dung phuong phép lap theo

so d6 thuat toan (Hinh 3). Két qua nhu sau:
- Nhiét d6 khoi thai vao calorifer: ti,” = 300°C;
- Nhiét do khoi thai ra calorifer: ti,” = 230°C;
- Nhiét d6 khong khi ra calorifer: tw” = 70°C;
- Luu luong khéi thai 1a: Gk, = 0,17 kg/s;
- Luu luong khong khi: G = 0,24 kg/s;
- Ong nhiét:
+ Puong kinh trong va ngoai: di/d. = 23/27 mm;
+ Puong kinh canh: d, = 40 mm;
+ Chiéu dai 6ng nhiét: L = 800 mm,;
+ Chiéu dai phan s6i: L, = 400 mm;
+ Chiéu dai phan ngung L, = 400 mm;
+ Vat liéu lam bng: thép CT3;
+ Moi chat nap: nudc;
+ Cong suit nhiét cia mdi dng: Q; =483 W.

Vay s6 luong dng nhiét s& 1a: n = 9,8 /483 = 20 dng.

- Cong suét quat: Ng=300 W.

4. Ché tao thiét bi thue nghiém, danh gia két qua
4.1. Ché tao thiét bi sdy

Thiét bi séy duoc ché tao tai Xuong Nhiét, khoa Cong
nghé¢ Nhiét — Dién lanh, Truong Pai hoc Bach khoa, Dai

hoc Pa Ning v6i cong suét 3 kg/h.
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Hinh 5. Thiét bi scfy thuc nghiém
4.2. Trinh tu do dac thi nghi¢m
- Khoi dong 16 d6t bang vat lidu triu.

- Po dac cac thong so nhiét d¢ cua khoi vao va ra
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calorifer kiéu éng nhiét va do luu lugng khoi. Didu chinh
sao cho céac thong sb trén bang vai cac thong sb cua 10 trang
banh thuc té dé thuc hién qua trinh thi nghiém.

- Po nhiét 36 khong khi nong cip vao qua trinh sy, diéu
chinh luu lugng khong khi vao budng sdy qua cira diéu
chinh dit & dau day cua quat.

- Sau khi dat cac thong sb yéu clu, dua vat liéu séiy vao
va tién hanh thi nghiém. Vat lidu sdy & day la banh trang
wét duge dit trén cac khay ludi thép. Str dung ddng hd do
thoi gian sdy. Do nhiét do ra cia tic nhin siy. Po d6 4m
vt liéu sy.

Trong qua trinh sﬁy, thuc hién thao tac dao khay trén
xudng dé dam bao d6 kho dong déu clia cac banh trang trén
khay (khoang 10 phit/1an) va thoi gian khoang 5 phut ghi
lai thong s6 do 4m vat liéu sdy.

4.3. Két qua nghién ciru va danh gid
Bing 1. Thong so nhiét dj trong qud trinh thi nghiém sdy banh tring

Nhiét do khéi, °C Nhiét d9 khéong khi, °C
txn’ tin” Atkn tk1’ tik2’ Atk
300 240 60 65 32 34
303 242 61 66 33 33
307 245 62 69 32 37
310 247 63 71 34 37
316 249 67 69 33 36
Bing 2. Quan hé giia khoi heong vit liéu sy theo thoi gian sdy (lan 1)
T, phit G, g T, pht G, g
5 257 25 114
10 239 30 73
15 194 35 35
20 157
Bing 3. Quan hé giika khoi luong vt liéu sy theo thoi gian sdy (Iin 2)
T, phat G, g T, phit G, g
5 260 25 119
10 242 30 74
15 197 35 36
20 161

Biing 4. Quan hé giika khéi leong vit

liéu sdy theo thoi gian sdy (ldn 3)

7, phut G, g 7, phut G, g
5 255 25 115
10 236 30 71
15 192 35 32
20 152

Tir két qua thi nghiém trén c6 thé thdy rang:

- Banh trang sau khi sdy xong (46 4m @, trung binh cac
lin sdy la khoang 13% sau thoi gian 35 phit) co sai 1éch
voi ly thuyet didu nay co thé 1y giai nhu sau: qua trinh trao
dbi nhiét - amco thé bi giam do nhiét t6n that ra moi trudng,
céc thong sb thyc té ciia khong khi c6 sai léch so véi khi
chon tinh toan,. Banh trang sau khi sdy c6 mau sic g1ong
banh trang ph(n nang, sau khi nhiing nudc va dé kho lai, roi
tiép tuc nhiing nudc, banh trang van déo, day la yéu té dam
bao cho loai banh trang ngon, chét lugng.

Quan hé gitra th&i gian va khéi lwgng vat ligu say

300

250 LSS
m \
:g_ 200
§. —a—Gl1,g
= 150 X3 ——G2,g
g. \ —x—G3, g
B 100
€ \
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Thei gian, phat

Hinh 6. Purong cong say cho 3 lan khdc nhau

Hinh 7. Hinh dnh vat liéu sau khi séy

- Nhiét @6 khong khi ra khoi calorifer kiéu éng nhiét
trong trudng thay ddi khong dang ké, do do nhiét do 6n dinh
du nhiét do khoi thay d6i. Véi vat lidu say 1a banh trang,
néu nhiét do sdy thay doi s& anh huong dén qua trinh say:
Nhiét 36 sy cao qué s& lam banh trang cong vénh, mat chat
lugng; con néu nhiét do siy giam xudng thi s& ting thoi
gian sdy. Do vy, viéc lua chon calorifer thich hop ciing 1a
van dé dang luu y’

- Thoi gian sdy tang 1én do that thoat nhiét khi dao khay
sdy, theo thuc nghiém thay rang, trong thoi gian say khoang
15 phat dao mot 1an van dam bao d¢ kho dong déu cua cac
vat liéu sa‘iy trong mé.

5. Tinh so bd hiéu qua kinh té

- Co s¢ tinh hiéu qua kinh té

’+ Céc 10 trang banh thyc t& quy mé ho gia dinh co gér}g

sudt 3 kg/h, thuong sir dung cac nhién liéu than, cui dé say
banh vao nhirng ngay mua, do vay khi tinh kinh té thiét bi
ciing dua trén s6 ngay mua (10 tiéng/ngay, 22 ngay lam
viéc/thang, 4 thang mua/nam)

+Khi thyc hién sdy bang cach ddt than, cui thi phai thué
thém 1 nhan cong lam viéc.

+ Gia dién nang trung binh: 1.500 d/kWh dé tinh chi
phi van hanh khi thiét bi say str dung nhiét thai (cho quat).

Thiét bi say ¢6 tan dyng nhiét thai cong S}lét 3 kg/heco
gia 35.000.000 dong. Néu st dung thiét bi say nay sé tiét
kiém cho mot nam la:

* Cii, tréu: 4.960.000 — 369.000 = 14.591.000 ddng.

* Than: 20.240.000 — 369.000 = 19.871.000 dong.
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Bdng 5. Tinh hiéu qua kinh 1é thiét bi sd'y tdn dung nhiét thai

Phuone 4n Gia nhién | Gia nhan | Chi phi mjt
g ligu (@) | cong (@) niam (d)
Cui, trdu 20.000 150.000 14.960.000
Than 100.000 150.000 20.240.000
Khi c6 tin dung
nhiét thai (dién nang| Khong Khong 369.000
cua quat 0,3 kW)

Nhu vy, sau khoang 3 ndm (vé6i cui, trau) va sau khoang
2 nam (v6i than), cac ho trang banh s& thu hdi lai von dau
tu thiét bi va cac nam ké tiép sé thu 13i véi s tién bang sb
tién tiét kiém trén.
6. Két luan
- Bai bao dé xuat phuong 4n tiét kiém nang luong, giam

chi phi nhién liéu d6t cho cic co so san xuat banh trang,
giam thoi gian san xuat cling nhu nhan cong lao dong, dem

lai hiéu qua kinh té cao, dong gop vao muc tiéu cia chuong
trinh tiét kiém ning luong cua qudc gia.

- Lo sdy banh trang bang nhiét thai dem lai hiéu qua
giam thiéu 6 nhiém moi trudng cao.

- Gop phan vao trién vong (g dung dng nhiét trong cac
thiét bi séy ndng san khac nhu bun se“iy, hoa, qua,...
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