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Tém tat - Hién nay, cdng nghé sy ngay cang phat trién, nhét 1a
trong cac nganh néng nghiép, cong nghlep Trong bai bao nay,
ching t6i str dung qua trinh say c6 dbt néng trung gian tac nhan
say Két qua cho thay nhe co dét néng trung gian ma nhiét lvong
aé bay hoi am clia vat liéu say khong thay ddi nhung nhiét do say
da g|am xuéng rat nhiéu. Diéu nay rat phu hop déi vGi cac loai vat
lieu say khdéng chiu dwoc nhiét d6 cao nhw thoc glong, trai cay,
dwoc liéu. Tuy nhién, viéc tinh tinh toan qua trinh say tén rat
nhiéu thoi gian va cong strc. Vi vay, nghlen ctu xay dung va
hoan thién phdn mém tinh toan nhiét ctia qua trinh say phu hop
voi didu kién tw nhién, ky thuat & nworc ta la hét stre thiét thuc.
Mét khac, phdn mém nay sé gitp qua trinh tinh toan hé théng say
thwe hién chinh xac, tiét kiém thdi gian. Hon nira, do chénh léch
nhiét do gitra VLS va TNS thap, nén qua trinh say dién ra diu
dang hon, cwong do thoat 4m cham hon lam cho san phdm sau
khi sy it bi cong vénh, chat lwong tét hon..

T khéa - Qua trinh sdy; khong khi dm; tac nhan séy; phan mém;
dot nong trung gian.

1. Pit van dé

Sau khi da chon dugc hé thong sdy (HTS) thich hop,
ching ta can ctr vao yéu cau cha yéu la nhiét do va do am
clia tac nhan say (TNS) ma vat liu sdy (VLS) c6 thé chiu
duoc de chon qua trinh say thich hop. Thong thudng qua
trinh sdy dugc hiéu 1a quy trinh t6 chirc qué trinh truyen
nhiét va truyén chit gitra (TNS) voi VLS va céc thong so cua
no, dé dam bao nang suat hé théng sdy theo yéu cau, chit
lugng san phim tt va ché do véan hanh ciing nhu chi phi
nang luong hop 1y. Trén thue té, ¢6 rat nhiéu qua trinh say
nhu: hdi Tru mot phan d6t nong trung gian, hdi luu hoan
toan (sdy lanh) hodc két hop. Trong bai bao nay, nhém tac
gia chu yéu dé cap dén qué trinh sdy co dét nong trung gian
TNS thyc hién khi VLS khong chiu dugc nhiét do cao dién
hinh nhu thoc gidng, tréi cdy, duoc lidu... Qua trinh siy co
dét nong trung gian dam bao dugc quy dinh nhiét do t6i da
ma vit li€u séy phai chiu va lam cho am thoat ra khoi VLS
mdt cach tir tir hon. Nhur vay, nho ¢6 dbt nong trung gian nén
d6 chénh I&ch nhiét d¢ gitta TNS va VLS nhé hon, da tao ra
qué trinh sy diu dang hon hay siy diéu hoa hon.

2. N¢i dung nghién ctru
2.1. Co 56 Iy thuyét

Vé mit ning lugng tiéu hao dé bdc hoi mot kg 4m
trong hé thong say co6 va khong cé dot nong trung gian
TNS trong qua trinh say ly thuyét la nhu nhau [1].

That vay, trong HTS khong co d6t nong trung gian,
nhiét lwgng d€ boc hoi mdt kg am duoc tinh nhu sau:
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Abstract - Nowaday, the drying technology is increasingly
developed, especially in the sectors of agriculture, industry... In this
article, we use drying mode has heated drying Agent-mediated. The
results showed that thanks to intermediate heat that heat to evaporate
humidity of drying material does not change but the temperature has
dropped a lot. This is very suitable for drying materials do not
withstand high temperatures such as paddy, fruits, medicinal herbs.
However, the computer calculates the drying process waste a lot of
time and effort. So, research in building and perfecting the software
calculates the heat of drying line with natural conditions, techniques in
our country is very practical. On the other hand, this softwarehelp the
process of drying system calculations correct implementation, saving
time. Furthermore, due to the difference in temperature between the
VLS and TNS is low, so drying takes place tenderness over intensity,
drainage moisture more slowly makes the product after drying less
warping, better quality...
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Tuong tu, nhiét luong nay trong HTS co dbt nong
trung gian mét lan bang:

IBl_IA + IBZ_IBl (2)
dCl_dA dcz_dc1

Vi cac duong dung am (d) va duong sy ly thuyét
entanpi (I) déu 1a hang s6 twong Gmg véi nhimg dudng
thing song song nhau va cling song song v&i hai truc toa
d6 nén co thé thiy rang qre = qo.

(O day cac chir cai A; B; Bi; By, Ci; Cz ky hiéu cho
cac diém nut; don vi cac dai luong nhu sau: I- kJ/kg Kk;
d- kg am/kg kk; ¢- %; Qo- ki/h; A- kd/kg; L- kg kk/h;
po- bar; t- °C; cac hé sb cho trude: B =1 bar; Cpk = 1,004
ki/kg.K; Cpa = 1,842 kJ/kg.K; r = 2500 kJ/kg).

Ore =

TNS thai
Calorifer phu @ 2
Calorifer chinh
Quat VLS VLS
X 200 M. 00
'0 0% |\|%0 0 G
00 O O

Khong khi vao
Hinh 1. So d6 nguyén Iy ciia HTS
co dot nong trung gian TNS mot lan
Nhu vy, nho c6 dbt nong trung gian ma nhiét luong
can thiét dé bay hoi mét kg am (dcz - do) khong thay doi,
nhung ching ta da giam nhiét do cua TNS vao HTS tu
nhiét do tg xudng te1. Pi€u nay rat phu hgp cho cac loai
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vt liéu khong chiu dugc nhiét do sy cao.

Dé co thé danh gia chinh xac hon kha nang tmg dung
va hiéu qua kinh té cia qua trinh sdy co dbt noéng trung
gian TNS trén co s¢ phén tich va tong hop co so ly
thuyét vé tinh toan nhiét cac hé thong sdy, nhom tac gia
tién hanh nghién ctru, xay dung cac luu do thuét toan cho
viée tinh toan nhiét hé thong say co d6t nong trung gian
TNS bang ngdn ngir 1ap trinh Visual Basic 6.0. Cac thong
s6 ban dau phuc vu cho qué trinh 1ap trinh dwoc chon
trong pham vi rong. Piéu nay gitip qua trinh tinh toan
thuan lgi, nhanh chéng va chinh xac.
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tey

da dey de; d
Hinh 2. D6 thi I - d ciia HTS
co dot nong trung gian TNS mot lan
2.2. QuA trinh sdy Iy thuyét
2.2.1. Xdc dinh trang thai cua cdc diém nuit
* Khong khi ban dau (diém A)

- Phén 4p suét:

p,. = exp| 12,031 — 406,42 @)
2355+t,
- B6 chira am:
d, =0,621— PaPen (4)
B- PaPyoa
- Entanpi:
Ia = 1,004.ta + da (2500 +1,842.ta) (5)

* Thong s6 TNS sau khi gia nhiét (diém B)

- Do chira 4m: dg1 = da

- Entanpi:

lg1 = 1,004.t1 + dg1 (2500 +1,842.ts1) (6)

* Thong s6 TNS sau khi sdy 1an 1 (diém C1)

Trang thai diém C; trégl dd thil-d hoé}n toan duogc xac
dinh vi ching ta da biét cap thong s6 (tci, lc1), voi
Ig1 = lc1. Trudce hét can tim des, tir diéu kién ban dau ta co:

- Entanpi: lg1 = lci;

- Enanpi ctia khong khi am:

iz = 2500 + 1,842.tcy (")
- Nhiét dung riéng:
Cuax(da) = 1,004+ 1,842.da (8)

- Do chira am:

dCl:dAJrM 9)
IZ

- Phan 4p suét:

4026 ,42 J (10)

=exp| 12 —
Prca p[ 2355+t

- Do am tuwong ddi:

Bd., (11)
P, (0,621+d.,)

So sanh gid tri gc1 VOI Pcichon de dam bao cho qua
trinh sy ma am c6 thé tir bé mat vat am bay hoi vao TNS.
Neu @c1 < @ciehon thi chuong trinh s& tinh toan cac thong
50, con néu 1 = Qcichon thi chung ta s€ quay lai dé chon
céc thong s6 va dir kién dau vao.

Py =

* Thong s6 TNS sau khi d6t nong trung gian (diém Bo)
- b6 chira ém ds2 = dc1
- Nhiét d0: tgp = tgs
- Entanpi:

Ig2 = 1,004.t; + ds2 (2500 +1,842.t52)
* Thong s6 TNS sau khi sdy 1an 2 (diém Cy)
- Entanpi: Igz = ez
- Nhiét do: tco =t

- Phén 4p suét:

(12)

(13)

4026 ,42
Poce = eXp(lZ - J

2355+t
- Po am tuwong ddi:

Bd,, (14)

Poy = —F— "
¢ prZ(O 621+ dc1)

So sanh gid tri gca VOi Qcachon de dam bao cho qua
trinh sy ma am c6 thé tir bé mat vat am bay hoi vao TNS.
Neu ®c2 < @cachon thi chuong trinh s& tinh toan cac thong
s6, con néu _(pc2 = Qeachon thi chung ta s€ quay lai dé chon
céc thong s6 va dir kién dau vao.

- Nhiét dung riéng:

Cax(dc1) = 1,004+ 1,842.dcy (15)
- D6 chira 4m:

4 —d_ 4 Coldete —te) (16)

c2 C1

2.2.2. Tinh toan cac dai lugng
Phuong trinh c4n bang 4m cho toan bd hé thong c6 ddt
nong trung gian TNS hoan toan tuong tw nhu HTS khong

c6 dbt néng trung gian. Khi d6, theo nguyén 1y lugng am
vao va ra khoi HTS phai bang nhau, ta dugc:

Loda + Giw1 = Lodcz + Gowz (17)

Vi Gi, o1, G2, o2 1a khoi lwgng va d6 am cua vat liéu
say vao va ra khoi HTS.

- Lugng am ctia VLS béc hoi trong 1 gio:

W=G1 o, ~®, (18)
l1-o,
- Khéi luong vat ligu se‘iy ra khoi HTS:
G,=G1-W (19)
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- Lugng khong khi Iuu chuyén trong HTS:

LW (20)
dCZ_dA
- Nhi¢t luong tiéu hao cho qué trinh sdy:
Qo =Lo(lg2-1a) (21)

2.3. Qua trinh sdy thuc

Truéce hét ching ta nhap céc s liéu du vao theo diéu
kién cua bai toan thict k¢, tiép dén xac dinh cac diém nut
bang cac cong thire giai tich.

| Bat diu |

-+
r

/ Nhip cac thing so ddu vao /
/ (ta:oa:Biteriter; A A Grr @i @) 7

¥
Xac dinh cac diém nit
da=1f{0a; pya)
Ta=1lts; da)
¥
dpy=ds
Ig1 = fitg1: dg1)
L 2
der= f{da; te1; tor: Cax(dal)
po1= fde1; poc1)

Ipi=Ix

Ping

dgy=dg
Igr= fitzz; dm2)

v

dez= flde: te1; te1:Caxlder): i)
P2 = fldea: pec2)

PC2 = PC2 chon

Tinh toan cac dai heong
90 = qre
W= f{G1; @1; @2)
=f{W; dea; da)
Qo = f{Ly; In1; Iga: L)

Hinh 3. Luu do thudt todn ciia HTjS co
dot nong trung gian TNS mét lan

Kiém tra gi4 tri cac dai lugng cta hai truong hop c6
dot nong va khong dot nong trung gian TNS. Neéu thoa
man di€u kién thi chuong trinh ti€p tuc tinh toan cac dai
luong, néu khong théa man thi chuong trinh s€ quay lai
kiém tra cac dit li€u va thong so dau vao.

Xay dung qué trinh sdy thuc trén d6 thi I - d ddi véi

HTS c6 d6t nong trung gian hoan toan gidng nhu HTS
khong dot nong trung gian. Van dé o day 1a phai tim cac
gia tri A1, Az cho timg ving sdy. Tuy nhién, trén thyc té,
dé xac dinh gia tri A trong cac thiét bi say thyc, ching ta
phai tinh dén cac ton that do thiét bi chuyén tai, do vat
lidu sdy, do két cau bao che... Trong d6, tinh toan ton that
nhiét qua két ciu bao che 1a quan trong va phirc tap nhat.
Puong nhién, cac ton that nay chi ¢6 thé tinh dugc trong
nhitng diéu kién cu thé voi két cau bao che cu thé. Vi cac
Iy do nay, nén viéc xac dinh A s& dugc thao luan va tinh
toan chi tiét trong bai bao tiép theo.

O ddy, dé khong lam mat di tinh tong quat ctia qué trinh
say, ching t6i chon mét vai gia tri thuong gép trong thuc te co
thé Xdy ra tuong tmg v6i ba qua trinh sdy co ban (A=0 say Iy
thuyét; A > 0 hodc A < 0 sdy thuc) dé xay dung thuat toan va
phan mém cho qua trinh sdy. D6i véi HTS ¢ dot nong trung
gian mot 1an va gia thiét khi da biét Aq va A, thi trang thai diém
Ci va C; trong qua trinh séy thue duoc xac dinh nhu sau:
2.3.1. Xac dinh trang thadi cua cdc diém nut

* Thong s6 TNS sau khi dbt nong (diém Cy)

-Do chraam: g —¢ +M (22)
C1 A H
I, - Al
- Entanpi: lc1 = 1,004.tc1+ dei.iz (23)
* Thong s6 TNS sau khi d6t nong (diém Cy)
Pochiadmg _q ,Colle)la=te)  (20)
Cc2 C1 -
I, - Az
- Entanpi: lcz = 1,004.tc2 + dez.iz (25)
2.3.2. Tinh toan cac dai lugng
- Lugng khong khi thyc té:
26
LW (26)
dcz _dA
- Nhiét luong tiéu hao:
Q=L(lgr-1a) + L(Ig2- lc1) (27)

(90 = qre do day 1a qua trinh sdy 1y thuyét nén Is; = lc1)

2.4. Xdy dung phin mém

Tir cac dit liéu trén, tién hanh xay dung luu dd thuat
toan qua trinh sdy c6 d6t nong trung gian TNS nhu Hinh
3. Trén co so 1y thuyét & Muyc 2, nhém tac gia chon phan
mém Visual Basic dé xdy dung chuong trinh tinh toan,
giao dién cua chuong trinh nhu Hinh 4. Chuong trinh
gdm ba phan: phan nhdp sb liéu ban dau, phan xac dinh
céc diém nit va phan két qua tinh toan nhiét.

Y nghia cia viéc xdy dung luu dd thuat toan nhdm
giai quyét tinh toan cac thong s6 cua TNS va VLS. Tir
day, nhom tac gia dwa ra y tuong vé viéc thiét ké giao
dién va chuong trinh tinh toan.

Sau khi nhap hodc chon xong cac dir li¢u ban dau [4]
thi chwong trinh chuyén qua xac dinh thong sb trang thai
cua cac dlem nut twong tmg voi hai truong hop say ly
thuyét va sdy thuc v6i viéc chon cac hé sb ton that khac
nhau (A = 0; A > 0; A <0). Tiép tuc tinh toan cac dai lugng
nhu lugng 4m ciia VLS can bdc hoi trong mot gid, luu
luong khong khi va nhiét luong ti€u hao trong qua trinh.
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Hinh 4. Giao dién chinh cia chwong trinh tinh todn nhiét
CAC THONG SO NHAP VAO

TEN DAl LUONG KY HIEU DON VI GIA TRI

Nhiét 6 méi trrdng ta a9C 25

D6 Am moéi trrdng @a % 60

Ap suét méi trrdéng B bar 1

Nhiét dé sau khi gia nhiét e 9C [ s
Nhiét d6 sau khi sy tcs oC 40

Hé s6 tén that vang sdy 1 At kJ/kg &m -250

Hé s6 tén that vang sdy 2 Az kJ/kgdm | 520
Khéi lvong VLS vao G1 kg/h | 65

D6 &m VLS vao w1 % | 42
P6am VLS ra w2 % | ]

Hinh 5. Céc thdng s6 nhdp ciia chwong trinh
XAC PINH CAC PIEM NUT
KY DON

THONG DAI SAYLY SAY
s6 LUONG HIEU vi THUYET THUC
Phan 4p sujt pea var || 00325 | 0.0325
D6 chira dm da [kodmkgkk| 0.0124 |[  0.0124
Diem A =
Entanpi Ia kJikg dm 56.6 [ 56.6
Nhiét dung riéng Cax(da | kikaK 1.027 | 1.027
96 chiva dm der | kg dmikg kk 0.0124 | 0.0124
Diem B4 z
Entanpi It | kikodm || 87.38 [ 87.38
Entanpi ctia khéng khi Am i2 kikg || 2573.68 || 2573.68
Entanpi lor | kikgdm |[87.38 87.38
D6 chira dm dor | kg mikg kk 0.0183 [ 00178
Diém C4 T K
Phan ap suat psct bar 0.0755 | 0.0755
96 &m trong ddi Qo1 % 38.02 | 36.95
Nhiét dung riéng Cadden| kikaK | 10378 I 1.038
Nhiét do te1 °’c 55 55
Diém B |D6 chira dm ds2  |kgdmkgkk([ 0.0183 I 0.0178
Entanpi lez | kikgdm 102.95 [ 10187
Nhiét d6 tez Sl 40 | 40
o Phan ap suét poc2 bar [ 0.0755 [ 0.0755
s e doo |kodmkokk|| 00244 | 0.0232
D6 4m twong dbi Qc2 % | 38.02 | 36.95
Hinh 6. Cdc thdng so tai cdac diém nut
X oy ,
KET QUA TINH TOAN
TEN DAI LUONG KY | BON SAYLY SAY
il HEU| VI | THUYET | THUC
Lugng am ciaVLSboc |\ | yon ([24.0217 |[ 24.0217
hoi trong 1h
Khéi lvong VLS ra G | kgh || 4098 | 4098
Luong khong khi lu Lo |kgkkh || 1996.36 || 2218.28
chuyén
Nhit luong fiéu hao Q | kih |92571.3s | 99804.38

cho qua trinh

Hinh 7. Két qua tinh todn cdc théng sé
Qua trinh sdy c6 dbt nong trung gian TNS 14 quéa trinh
say nham giam chénh 1éch nhiét d6 gitta VLS va TNS dé
dam bao cho qua trinh say di€u hoa hon, chat luvong san

pham sdy t6t hon. Khi d6 diéu kién d¢ kiém tra chuong
trinh Qo = Qre, nghia 1a luong nhiét can cung cap cho hé
thong sy trong hai trudng hop c6 va khong co d6t nong
trung gian TNS 1a bang nhau [1].

3. Két luan

Phan mém dugc V1et bang ngon ngir Visual Basic 6.0
¢ giao dién bang tiéng Viét, cdu trac don gian, dé sir
dung va dat dugc muc dich tw dong hoa viéc tinh toan
nhiét. Phan mém cho phép nguoi sir dung tinh toan thlet
ké HTS véi cac thong sd nhap vao cta nhiéu qua trinh say
khac nhau dugc lya chon hop 1y trong thoi gian ngan
nhat Tir day, chung ta c6 thé lya chon phuong an th1et ké
t6i wu, phan bd truong nhiét do trong hé théng siy phu
hop, dam béo tiét kiém ning lugng cho HTS va chi phi
dau tu ban dau.

Theo két qua s lidu tir phan mém cho thiy, nhiét
luong tiéu hao va luu luong khong khi khi sdy c6 gia
nhiét trung gian ciing bang khi khong gia nhiét trung gian.
Diéu nay dugc giai thich la do téng lwong nhiét cap cho
qué trinh sdy 1a khong dbi trong hai trudng hop véi cac
gia thiét dau vao va ra 1a nhu nhau (két cdu hé thong sdy,
dac diém vat liéu, tac nhan séy). O day chi khac nhau &
chd 1a cach bé tri thiét bi trao d6i nhiét trong hé thdng
nham dam bao d¢ chénh Iénh giita nhiét d6 TNS dau vao
va du ra véi VLS 1a nho nhét, va da duoc trinh bay &
phan co so 1y thuyét voi cong thire (1) va (2).

Tuy nhién, bén canh nhitng wu diém ma qua trinh siy
nay mang lai, n6 cling boc 16 nhitng han ché nhét dinh
nhu nhu TNS thai ra c6 nhiét do cao hon, dau tu nhiéu
hon. Khi chon nhiét do TNS thai ra can dam bao khong
dong suong trén bé mit VLS va ton that nhiét 13 nho nhat
[3]. Pay la bai toan kinh t& k¥ thuat va can c6 phuong
phap nghién ctru thue nghiém dé giai thich théa dang.

De lam dugc didu nay, trong thoi gian dén ching t6i
s& tién hanh ‘nghién ciru sdy thuc nghiém, dé thay duoc
nhitng uu diém ndi bat cia qua trinh sdy nay. Pong thoi
so sanh_ dbi chiéu Vi cac két qua 1y thuyét tinh dugc tur
phan mém. Két ndi véi hé thong may tinh va phan mém
diéu khién, dé theo ddi va diéu khién cac hoat dong cta
hé thong sdy.

Loi cam on: Nghién ctru ndy dugce tai trg béi Quy phat
trién tiém nang Khoa hoc va Cong nghé cua Truong Dai
hoc Su pham K§ thuat - Pai hoc Pa Néng trong dé tai c6
ma s6 T2018-06-96.
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