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TOM TAT

Bai bao nay trinh bay két qua nghién ctu ly thuyét va thwc nghiém trén mé hinh thiét bi say thwc t& st
dung bom nhiét. Trong bai bao nay, ching t6i phan tich wu, nhuwoc diém d&c diém cla qua trinh sy, cda
phuong phap sdy néng, phwong phap sdy lanh. Bai bao ciing da nghién clru va xay dwng md hinh séy lanh
két hop 2 ché dd nhiét do cao va nhiét do thap dé sdy thdo dwoc nham han ché cac nhuoc diém cua
phwong phap sdy riéng biét lanh va phuwong phap siy néng. Bai bao ciing trinh bay quy trinh van hanh,
phan tich danh gia wu, nhwoc diém cia mé hinh sdy két hop 2 ché dd néng, lanh. Két qua nghién ctu
nham phuc vu nhu ciu hoc tap va nghién clru cia sinh vién, k§ sw chuyén nganh céng nghé Nhiét — Lanh.
DPéng thoi ciing 1a co s& dé cac doanh nghiép ché bién va bao quan thao duwoc dé& nang cao chét lwong va
gidm chi phi.

Tir khéa: may lanh; may sy lanh; sy thdo dwoc; thao dwoc; van hanh

ABSTRACT

The article represents a theoretical and experimental study on the model of drying equipment with heat
pump. In this paper, we have analyzed weaknesses and advantages of drying process: hot-drying and
freeze-drying methods. The paper has also studied and established the freeze drying model that combines
high and low temperatures to dry medicinal herbs in order to restrict its weaknesses. It has also presented the
process of operation, analyzed weaknesses and advantages of the drying model of combining heat and
freeze regimes. The research findings will be used for students and engineers majoring in the study and
research on heat-refrigeration technology. This is also a foundation for medicinal herbs processing and
preserving enterprises to enhance quality and reduce expenditure.
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1. Pit vin dé d6 phuong phap siy lanh, dam bao chat lugng,
) gitt nguyén thanh phin vi luong, cac loai
vitamin, v0 hiéu hda hoat dong clia enzyme va
tiéu diét phan 16n vi sinh vat, ting thoi gian bao
quan. giit nguyén thanh phan dinh dudng, mui vi
va mau sic dic trung.

Duoc liéu 1a san phém dac biét, lién quan
dén van d& sirc khoe ciia con ngudi. Qua trinh
ché bién, bao quan doi hoi quy trinh va cong
nghé hét sic nghiém ngit dé dam bao chat
luong. Néu khong thi nd khéng nhitng lam giam

chat lugng san pham ma con c6 tac dung khong Cong ngh¢ Sﬁ}’, Umg dung trong ché bién
t6t ddi voi stc khoée con nguoi thim chi gay ~ duoc liéu kho dugce tién hanh cha yéu 6 nhiét do
doc. cao boc 16 nhiéu han ché vé cong nghé chua

khéc phuc dugc chét luong dau ra cta san phém,
chua dap tmg duogc cac yéu cau vé dic tinh hoa
ly, vi luwgng, vitamin, mui, mau, thanh phz:fm dinh
dudng nén khé dap tng cho nhu cau chita bénh.
Viéc dau tu nghién ctiru mot quy trinh céng nghé
méi giai quyét nhitng van dé nay 1a thuc su can
thiét. Uu diém cua cong nghé sdy lanh 1a san

Hién nay, dugc liéu chu yéu séy 0 nhiét
do cao (sdy nong), phuong phap siy nay cé rat
nhiéu han ché nhu l1am bién tinh va giam chét
luong san pham, cong nhan van hanh rat vét va
véi moi truong nong bic. D6 d6 lam giam tinh
nang chira bénh ctia duoc li€u tham chi gay ra
tac dung xau dén strc khoe con ngudi. Trong khi
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ph?im séy gitt dugc nguyén mau séc, mui vi, han
ché t6i da that thoat dinh dudng (khoang
5%)[2], han ché cua cong nghé nay 1a thiét bi
phuec tap, thoi gian séy dai, gia thanh cao. Viéc
ap dung cong nghé siy lanh dé siy dugc lidu 1a
rat it, cha yéu la cac loai dugc li€u dic biét quy
hiém. Dé c6 mot quy trinh cong nghé hoan
chinh, t6i wru véi cac thong sé phu hop nhét doi
hoi chiing ta phai tién hanh nghién ctru siu rong
hon. Pic biét viéc sy lanh két hop 2 ché do
nhiét do cao va nhiét do thap dé khic phuc
nhitng mac han ché ctia 2 phuong phap thi chua
c6 cong trinh nghién ctiru, bai bao, mot tai li¢u
nao vé say nong-lanh dugc cong bo.
2. Két qua nghién ctru va khao sat:
2.1. Co s6 Iy thuyét ciia qud trinh sdy:
2.1.1. Phwong phdp sdy néng

a) Uu diém

- C6 thé diéu chinh nhiét do séy trong mot
khoang rat rong. C6 thé sdy & nhiét do rat cao
900 -1000°C, & nhiét d6 thap 70 - 90°C hoic 40
- 50°C.

- Chu trac hé théng don gian, dé ché tao
va lap dit.

- Vat nhanh kho, thoi gian sdy ngin, gia
thanh say thap, dé van hanh.

- Pau tu von it.

- Giam tiéu hao dién ning.

- Nang cao dugc hiéu qua sir dung nhiét
ctia hé thdng thiét bi.

b) Nhuge diém

- Gay bui ban cho san pham va thiét bi.

- Lam bién chat san pham tham chi chay
san pham.

- C6 thé gay hoa hoan hodc xay ra cac
phan tmg hoa hoc khong can thiét anh huong
xau dén chat lwong san pham.

- Khi sir dung phuong phap néng phai chu
¥ khic phuc nhirng nhuoc diém trén dé dat dugc
cac yéu cau sdy cua nhitng loai san phdm khac
nhau. Phuong phéap siy noéng thuong dung dé
sdy gd, cac san pham bang gd nhu bt chi que
diém, vo bao diém, cac vat li€u xay dung, do
gém st va mot s hat néng lam san.
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¢) Pic diém ciia qua trinh siy

* Giai doan lam néng vat

Giai doan nay bat dau tir khi vat dua vao
budng sdy tiép xuc voi khong khi nong cho toi
khi nhiét do vat dat dén bang nhiét do nhiét ké
udt (t, ). Trong qua trinh ndy toan bd vat siy
duoc gia nhiét. Am 1ong trong vét ciing dugc gia
nhiét cho dén khi dat dugc nhiét d6 soi ung voi
phan ap sudt hoi nudc trong moi truong khong
khi trong budng say (t). Do dugc 1am néng nén
dd Am cua vat co giam chut it do bay hoi am con
nhiét do cua vat thi ting dan tir nhiét d6 ban dau
cho dén khi bang nhiét do nhiét ké u6t. Tuy vay
su tang nhi¢t do trong qua trinh x4y ra khong
dong déu ¢ phan ngoai va phan trong vat. Ving
trong vat dat t6i t, cham hon. D4i v6i nhiing vat
dé siy thi giai doan lam nong vat xay ra rat
nhanh.

* Giai doan tdc d6 séy khong ddi

Két thuc giai doan gia nhiét, nhiét d6 vat
bang nhiét d6 nhiét ké wét. Tiép tuc cung cép
nhiét, 4m trong vat s€ hoa hoi con nhiét do cua
vat gitr khong ddi nén nhiét luong cung cap chi
dé 1am héa hoi nudc. Am s& hoa hoi o 16p vat
liéu sat bé mat vat, am long & bén trong vat s€
truyén ra ngoai bé mat vat dé hoa hoi. Do nhiét
d6 khong khi nong khong doi, nhiét do vat ciing
khong ddi nén chénh léch nhiét do gitra vat va
mdi truong cling khong doi. Do vay toc do bay
hoi 4m cuia vét ciing khong d6i. Diéu nay s& lam
cho téc do giam cua do chtra 4m cua vat theo
thoi gian khong d6i, c6 nghia 1a toc do siy
khong dbi:

ou
— =const

or

Trong giai doan sdy toc do khong doi,
bién thién cia do6 chia 4m theo thoi gian la
tuyén tinh. Am duoc thoat ra trong giai doan nay
1a tr do. Khi d6 4m cua vat dat dén gidi han uk =
Ucbmax thi giai doan sdy tbc d6 khong doi chdm
dut. Pong thoi ciing 12 chim dut giai doan thoat
am tu do chuyén sang giai doan siy toc do giam.

* Giai doan sdy toc do giam dan
Két thic giai doan sy toc do khong doi
am tu do da bay hoi hét, con lai trong vat 1a 4m
lién két. Nang luong dé bay hoi am lién két 16n
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hon so v6i 4m tu do va cang ting 1én khi d6 am
clia vt cang nho (am lién két cang chat). Do vay
tbc d6 bay hoi 4m trong giai doan nay nho hon
giai doan sdy toc do khong dbi co nghia 1a toc
d6 sdy trong giai doan nay nho hon va cing
giam di theo thoi gian say. Qua trinh say cang
tiép dién, 46 am cua vat cang giam, toc do say
cang giam.

2.1.2. Phurong phap say lanh

a) Uu diém

- Khong 1am bién chit san phim, giit
nguyén mau siac ty nhién va cac thanh phan vi
luong ctia san pham.

- Pam bao cac yéu cau vé chit luong khit
khe nhu hinh dang, kich thudc va thé tich san
pham, mau sac san pham, nong do vi, chat thom,
men, vitamin, protéin, sy tham nudc tham khi
tro lai ciia san pham say, d6 am cuoi dat duoc
tuy theo nhu cau st dung va bao quan san pham.

b) Nhuge diém

- Thoi gian sy dai

- Vén dau tu 16n, gia thanh san pham cao,
van hanh kho khan, phuc tap.

- Gia thanh cao, van hanh kho khan, phirc
tap, d6i voi hé thong sdy chan khong viéc duy tri
dd chan khong 1a cuc ky kho.

- Ap dung voéi quy md nho, dung sdy
nhitng loai vat li€u qui hiém, kho cham, khoé say
va ¢6 yéu cau cao ve chat lugng.

¢) Pic diém ciia qua trinh siy

Khac véi phuong phap siy noéng, trong
phuong phép sdy lanh, ngudi ta tao ra do chénh
phan ap suat hoi nudc giita vat lidu sy va tac
nhan siy bang cach giam phan ap sut trong tac
nhan siy nho giam lugng chira 4am. O phuong
phap sy lanh, nhiét d6 bé mit ngoai ciia vt nho
hon nhiét 6 bén trong vat, dong thoi do tiép xtic
v6i khong khi c6 do am va phan ap suat hoi
nudc nhé nén be mat cling cé phan ap suat hoi
nudce nho hon phia bén trong vat. Noi khac di, &
day gradient nhiét d6 va gradient dp suat c6
cung dau nén gradient nhiét d6 khong kim ham
qua trinh dich chuyén am nhu khi say néong ma
nguoc lai, n6 ¢6 tac dung ting cuong qua trinh
dich chuyén am trong long vat ra ngoai d¢ bay

hoi 1am khé vat. Khi d6 4m trong vat liéu dich
chuyén ra bé mat va tir b mat vao moi trudng
c6 thé 16n hon hoic nhod hon nhiét d6 méi
truong hodc ciing ¢6 thé nhé hon 0°C.

Trong ky thuat sdy lanh, thé siy cia
khong khi ting nho qua trinh tach am ¢ dan bay
hoi va qué trinh gia nhiét bang chinh dan ngung
tu trong cac may lanh. Yéu té c6 tinh quyét dinh
¢ day la qua trinh lam lanh khong khi trong dan
lanh, tir day s& nhan dugc khong khi cé nhiét do
va do chira hoi (d) nho dam bao cho qua trinh
truyén nhiét, truyén chat giita vat sy va tac
nhan siy trong budng sdy xiy ra ¢ diéu kién
gradient nhiét do va gradient ap suét cung chiéu,
khong ¢ giai doan nao xay ra hiéu ung Luikov
AV. can tr& qua trinh siy nhu trong phuong
phap sdy nong. Vi vdy, ngoai viéc tinh toan,
thiét ké hé thong néi chung thi diéu téi can thiét
la ché do lam viéc cua dan lanh hay noi cach
khac 12 kha nang t6i uu nhét ctia dan lanh c6 tim
quan trong dac biét. Trong k¥ thuat séy lanh, dé
tang cuong tach am cho hé thong, khong khi say
trai qua giai doan tach am & dan lanh, vi 4m
trong khong khi c¢6 thé ton tai & ba dang hoi,
l6ng va ran, voi dung 4m ¢ dang hoi dn, dang
long di va dang rdn d;, entanpi I ctia khong khi
am:

| =ty + (2500+1,93ty)dn + 4,18d1ty + (-
35 + 2,1ty)d,, kd’kgkkk [2].

2.2. Dé xudt mé hinh sdy két hop 2 ché dp
nong, lanh
2.2.1. Dé xudt mé hinh

Tir phan tich trén ta thdy c6 thé xay dung
mot hinh sdy két hop 2 ché d6 néng va lanh
nham phat huy nhirng dic tinh wu viét cua cong
nghé sdy lanh, va cong nghé siy néng dé tmg
dung sy thao duoc nhdm ning cao chit lwong
va hiéu qua kinh té cac san phim thao dugc co
gia tri chira bénh cao. Tur yéu cAu thuc té do,
chung t6i dé xudt mo hinh sdy 2 ché do nong va
lanh.
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Hinh 1. So d6 nguyén Iy mdy sdy 2 ché d¢

Ghi chi:
1 Budng siy 6.Din lanh 11.Dannéng2
2. Cira xd khi 7.Quatlongséc  12.Bubngxirly khdngkhi
3.Khoakhi 8.Dongco quat  13.Day dién trer
4. Ong hdi 9.Dan néng 1 V1,V2, V3, V4, V5, V6: Van chin
5. Ong thoit 10. Mdy nén TL1, TL2: Van tiét hrul,2

2.2.2. M6 hinh thuc nghiém

Hinh 2. M6 hinh thuc nghiém may sdy

2.2.3. Nguyén Iy hoat dong ciia may sdy lanh két
hop 2 ché do nhiét dé cao va nhiét do thdp

Giai doan 1 (séy nhiét do cao): dong dién
cho hé thong lanh hoat dong véi dan ngung 11,
khong khi dugc gia nhiét b.%mg nhiét lugng cua
dan ngung 11 dn nhiét do theo yéu ciu (40-
45°C). Khong khi sau khi gia nhiét dugc quat
thoi vao budng sy gia nhiét cho vat sdy va nhan
4m tir vat sdy. Sau d6 khong khi va 4m duoc
quat hut vé budng lanh dé 1am lanh va tach 4m
vé do am yéu cau (30-40%), rdi tiép tuc gia
nhiét va vao budng siy.

Giai doan 2 (sdy nhiét do thap): Chuyén
hé thdng lanh hoat dong véi dan ngung 09, giam
luong méi chit qua dan ngung 11, dé glam nhlet
do cua khong khi truée khi vao budng siy vé
ché do sy lanh (20 — 25°C).

2.2.4. Vin hanh mé hinh say lanh két hop 2 ché
do

Tu dac dlem cua phuong phap say néng
va phuong phap sy lanh, chiing toi dé xuat quy
trinh van hanh nhu sau:

Buwée 1: Van hanh ché do séy nhiét do
cao
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- bong khoda khi 2
- Mé khoa khi s6 3
- bong dién quat 7
- Béng van V2, V5, mé V3, V4
- bong dién cho may lanh hoat dong
~ Khi ké:t thac giai doan toc do sy khong
de)i thi chuyén sang budc 2: Van hanh ché do
say lanh.
~ Buwéc 2: Van hanh ché d6 siy nhiét do
thap
- Mé van V2, V5

- Diéu chinh van V3, V4
2.2.5. Két qua thiee nghiém
a) Vit liéu siy

Nghé¢ vang, ’tén !(hoa hoc: Curcuma
domestica Valet. Che d6 say:

- Nghé théi lat day 1mm, rai déu trén khay
ludi mat cao Imm

- Thoi gian sdy: T = 8 gio, ning suat siy:
G1 = 2kg/mé

- Po 4m ban dau: @1 = 80%, do 4m cudi:
2 = 10%.

- Giai doan 1: do 4m ban dau o1 = 80%,
do am cudi 02 = 30%. Nhiét do sdy t; = 45°C, do
am ¢ = 50%, thoi gian T = 2gi0

- Giai doan 2: d0 4m ban dau ©: = 30%,
do am cudi 02 = 10%. Nhiét do sdy t, = 20°C, do
am ¢ = 30%, thoi gian T = 6gi0

- Khéi lugng riéng: p = 556 kg/m®.

b) Két qua thue nghiém
Bing 1. Két qua thuc nghiém budc 1(nhiét dé cao)

St |ve@hi) | twmfC |om  [1A) |6dC o) |Pn  |Pa | Nudc
(%) (psi) | (psi) | ngumg(g)

1 30 30 |15 | |45 |50 J40 [220 | 120

2 60 30 |76 o8 |46 |51 40 [230 [135

3 90 30 |76 | |45 |51 |38 [230 |45

4 120 30 |15 |1 [452 [s50 |3 [220 136

Bdng 2. Két qua thue nghiém bude 2(nhiét do thap)

ts | tw’C | em I(A) | 0:°C | @us(2%) | Pa Py Nudc

Stt | (phiit) %) si) | (psi) | ngwmg (e
1 | 120 |30 75 3.5 20 0 40 220 156

2 |180 |30 76 35 20.5 0 40 230 156

3 |240 |30 76 35 202 |35 38 230 156

4 300 |30 75 3.5 21, 35 36 220 110

s 330 |30 75 35 204 |30 40 220 |70

6 | 360 |30 76 3.5 20 26 40 230 |53

7 |39 |30 76 3.5 20,6 |12 30 200 |35

8 |420 |30 75 3.5 20 12 30 200 |5
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Hinh 4. San phdam sau khi sdy

3. Ban luan

3.1. Uu diém ciia mé hinh

- M6 hinh c¢6 thé sdy 1 ché d6 & nhiét do
cao hodc ché do séy & nhiét do thép nhu phuong
phap sdy nong, sdy lanh dang 4p dung trong
thuc té. Hodc siy két hop ca hai ché do nhiét do
cao va nhiét d thap nhu da néu ¢ myc 2.2.4.

- V& thiét bj gidng voi phuong phap siy
lanh. Kinh phi cia mé hinh cao hon mé hinh sy
lanh, nhung chic chin thip hon tong kinh phi
clia may sdy néong va may siy lanh.

- Gia nhiét bang nhiét ciia dan ngung nén
khong gy 6 nhiém méi trudng.

- Khdng lam bén san pham.

- Rut ngin thoi gian sdy so voi phuong
phap siy lanh ma van dam bao chat luong san
pham.

w
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80
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40

dy gumg lan 1

say exme lan 2
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Hinh 5. Puong thodt dm

3.2. Nhugc diém ciia mé hinh

Van hanh phirc tap hon so véi thiét bi say
néng hodc sdy lanh riéng biét.
4. Két luin

Xay dung dugc md hinh sy lanh két hop
2 ché d¢ sdy ¢ nhiét 46 cao va nhiét do thap dé
sdy thao dugc. Siy thir nghiém thao dugc nghé
vang. M6 hinh da khic phuc dugc nhitng han
ché cua phuong phap siy nong va phuong phap
sdy lanh. Ngoai ra md hinh con phuc vu cho viéc
nghién ctu, hoc tap cua sinh vién, ky su chuyén
nghanh cong ngh¢ Nhiét - Lanh.

Can phai tiép tuc nghién ctru ti mi, bai
ban dé co thé tmg dung moé hinh sdy lanh két
hop 2 ché d6 nhiét do cao va nhiét do thip vao
thyc tién san xut, dac biét 1a thao duoc.
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