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Bai bao trinh bay cac két qua nghién ciiu kha ning rit ngan thai gian say (TGS) ciing nhu
khd néng tié’t kiém néang lugng (TKNL) khi sdy gidn doan theo ché dd nhiét dd tac nhan
say (TNS) giam dan theo bac trong pham vi say d0| lwu bdng bom nhiét (25 dén 40°C). Ket
qua nghién ciu cho thay, s¢ do say co thé rit ngén dugc 4,52% TGS va trong so do say
thi néng lwgng tiét kiém dugc cé thé dat dén 19,86% khi so sanh vdi sdy lién tuc.

Tir khoa: sdy gian doan, tiét kiém nang lugng, théi gian sdy, déng hoc qua trinh say.

RESEARCH ON THE POSSIBILITY OF
SHORTENING DRYING TIME AND SAVING
ENERGY BY STEDP-WISE CHANGE IN
DRYING AIR TEMPERATURE

Summary

This paper presents the results of research on the
possibility to shorten drying time as well as the
ability to save energy through intermittent drying by
step-wise change in drying air temperature within the
convective drying scale by heat pump (25 to 40°C).
The study results have shown that the drying time can
be shortened by 4.52%, and energy savings can reach
19.86% as compared to continuous drying.

Keywords: intermittent drying, saving energy, drying
time, drying kinetics.

Dat vin dé
?

Hién nay, TKNL la vdn dé quan trong dugc nhiéu
nha nghién cliu, cac doanh nghiép c6 sl dung nang
lugng dac biét quan tam. Viéc rat ngan thdi gian
thuc hién qua trinh cong nghé khong chi dem lai Igi
ich kinh t& cho ngudi si dung qua trinh dé ma con
gian ti€p dem lai hiéu qua vé mat nang lugng. Ky
thuat sdy chiém t6i 15 dén 20% téng nang luong
st dung trong linh viic ché bién thuc phdm [5, 6, 7].
Do vay, van dé TKNL ciing nhu rut ngédn TGS dang
dugc cac nha khoa hoc quan tam nghién cutu.

Theo [7], hién cé nhiéu hudng nghién clu dé

gidi quyét van dé nay, trong do cé ky thuat say gian
doan (SGD), dac biét 1a SGD bang bom nhiét la mot
hudng nghién clu cé lich st nghién ctu trén 30 nam.
So lugec vé SGP dudgc trinh bay trong [1], uu diém
trong kha nang TKNL va rat ngédn TGS cla mét s8
sd d6 SGP dién hinh bang bom nhiét da dugc phan
tich trong [2]. Trong s6 céc so d6 SGP dién hinh
thi sdy véi ché do nhiét dd TNS gidm dan theo béac
khéng chi rit ngédn dugc TGS ma con c6 kha nang
TKNL. Tuy vay, viéc nghién clu, danh gia kha nang
TKNL ciing nhu kha nang rut ngan TGS cla so do
gidm dan theo bac nay hién con tiép tuc phai nghién
culu. Trong khi d6, nam 2013, cac nha nghién cuu
trén thé giGi van di theo hudng nghién ctiu SGP theo
hinh thiic cp nhiét on - off (sdy - 0) [6]. Kha nang
TKNL va rat ngédn TGS cla sd dé gidm dan theo bac
nay van con dugc dé ngd. Bai viét trinh bay cac két
qua nghién clu ly thuyé&t vé kha nang rat ngan TGS
cling nhu TKNL clQa sG d6 SGD véi nhiét d6 TNS
gidm dan theo bac trong pham vi sdy déi luu bang
bam nhiét.

Noéi dung nghién ciu
So dé SGP nhiét dé TNS giam dan theo bac
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Hinh 1: so dé sdy gian doan nhiét d6 TNS giam dan theo bac
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Hinh 1 thé hién mot vi du vé so d6 SGD ma nhiét
dé TNS gidm dan theo bac. Néu TGS kéo dai thi
nhiét d6 TNS c6 thé gidm tuong ddi nhiéu. C6 mét
van dé can luu y la nhiét dd TNS cudi qua trinh say
(QTS) c6 thé thdp hon nhiét do vat liéu say (VLS).

Phuong phap nghién cuu

Bai viét sii dung phuadng phap nghién cdu ly
thuyét dé danh gia kha nang rat ngdn TGS ciing
nhu kh& nang TKNL.

P& nghién cliu kha nang rut ngdn TGS va kha
nang TKNL cla cac so dé6 SGD, can phai xay dung
dugc déng hoc QTS ciing nhu xac dinh dugc lugng
nhiét cdp cho VLS. Béng hoc QTS thudng dugc xac
dinh bang 2 cach chinh, mét la giai hé phuong trinh
truyén nhiét truyén chat mo tad QTS, hai la xac dinh
bang thuc nghiém [4].

Theo cd s dong hoc QTS, TGS chinh la khoang
thoi gian can thiét dé d6 4m trung binh cla VLS
gidm tU dd 4m dau (truéc khi dua vao sdy) dén tri
s0 theo yéu cau cong nghé.

N&ng lugng cép vao cho VLS trong QTS dai luu
nhadm 3 nhiém vu 1 héa hoi &m 16ng, dich chuyén
&m va lam thay déi nodi nang cha VLS. Vi vay, viéc
danh gia kha nang TKNL sé thong qua lugng nhiét
cap vao cho VLS.

Pham vi nghién cuu

Trong bai bao nay, pham vi nghién cdu dugc xac
dinh dua trén 2 yéu t6, mét la nhiét do cudi QTS va
hai la khodng nhiét dd TNS UGing vGi sdy déi luu bang
bom nhiét. O so dd SGP, cudi QTS sé c¢6 thé cé 2
trudng hgp, moét la nhiét dd TNS cao hon nhiét dd
VLS, hai la thdp hon hoic bang. Khi trudng hop 2
xay ra thi qua trinh truyén chat (dich chuyén am ra
khéi VLS & nlia sau QTS von da khé khan) sé trd
nén thuan Igi hon. Bén canh doé, trong hau hét cac
trudng hop sdy néng san thuc phdm theo phuaong
thic daéi luu [3], sdy lanh s dung bom nhiét sé co
TGS kéo dai hon so vGi sdy nong.

Do vay, pham vi nghién cudu trong bai toan nay
s& gom: ché& do sdy theo mé, nhiét dd TNS trong
pham vi sdy doi luu dung bom nhiét (25-40°C) va
nhiét dd TNS cudi QTS cao hdn nhiét dd cudi cla
VLS. Ngoai ra, v6i do 4m va t6c do TNS, & day, tac
gia cling s dung cac gia tri phu hgp vé khia canh
nang lugng cling nhu TGS va khéng déi cho céc
ché& do sdy la 30% va 1 m/s [3].

VLS dudc st dung G day la khoai tay lat méng 5
mm, dudng kinh 5 cm, c6 dé 4m tuong d6i ban dau
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la 83,5%, nhiét dd ban dau cta VLS la 25°C, sdy tdi
dod &m tuong d6i cudi la 12%. C4c tinh chat nhiét vat
ly cGia khoai tay cling da dugc néu trong [2] va [3].

Mé hinh truyén nhiét truyén chat lién hop
nghién cuu QTS déi luu bang bom nhiét

M6 hinh truyén nhiét truyén chat dugc s dung
G day la mo hinh bé qua &nh hudng clia dong nhiét
dén dong dm [2, 3]. Mé hinh nay da dudc sl dung
dé xac dinh dong hoc qua trinh SGP trong [2], & day
xin trinh bay lai s@ lugc nhu sau:

Trong trudng hogp hé s& dan nhiét A la ham sé
clia nhiét dd, mé hinh cé dang:

& L.V(?Nt) L P M
ot pC, C, o
(1)
OM
— =D (T). VM

Trong do: t, T - nhiét d (°C, K); t - thdi gian say
( ); P, Py C,r- lan lugt 1a khoi lugng riéng vat liéu
am, kh0| Iuang rleng vat liéu khd hoan toan (kg/m ),
nhiét dung riéng ctia VLS (J/kg. do) nhiét 4n hoa
hoi clia nudc (J/kg) M - do chua 4m cla VLS (kg./
kg,,); D, - hé s6 khuéch tan &m hiéu qua (m¥/s).

Céc gia thi€t cia mo hinh: ngoai yéu té chinh 1a
bd qua &nh hudng clia dong nhiét d&n dong &m, thi
can c6: 1) Vat liéu m |a déng chat, khong ¢6 phan
ting héa hoc va khong cé ngudn nhiét bén trong;
2) Céc tinh chat nhiét vat ly phu thudc vao nhiét do
hodc doé chira &m hodc phu thudc ca hai; 3) Hé s6
khuech tan hiéu qua D_ it phu thudc vao do chua
&m nhung phu thudc nhlet do cla vat; 4) Nhiét dé
va do chtia &m ban dau cla vat liéu la dong nhat; 5)
Bd qua do co ngét; 6) Dong dich chuyén am dang
I6ng rét nhd so véi dong 4m dang hai.

Piéu kién dan tri: vi cach viét diéu kién bién cho
cac toa doé trong hé toa dd Decarte la nhu nhau [4]
nén véi cac gia thiét néu trén, diéu kién don tri cla
hé (1) dudc viét dudi dang moét chiéu nhu sau:

tx,0)=t tait=0; Y _g 2)
8X x=0
M(x, 0) = M, tai t = 0; %VI =0 (3)




_ ot
a '(ta - tbm) = _7\’& . (4)
oM _
_Deff’ = (X‘m (Mbm - Mcb) (5)

Trong céc phuaong trinh trén: & 1a hé s& trao doi
nhiét déi luu trung binh tai bé mat VLS (W/m2K); o
la hé s6 trao d&i &m d6i Iuu trung binh tai bé mat
VLS (m/s); t, la nhiét d6 TNS (°C); cac dai lugng
con lai da dugc trinh bay trong [2].

Phuadng phap giai hé phuong trinh vi phan truyén
nhiét truyén chét (1) dudc s dung & day la phuong
phap sai phan hiiu han.

Két qua

Xéc dinh méc so sanh kha nang TKNL va rut

ngan TGS

Pé& c6 thé so sanh kha nang TKNL va rdt ngan
TGS cla cac ché do sdy ma nhiét d6 TNS giam
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Hinh 2: Iua chon so dé sdy phu hop vé nang lugng va TGS

Két qua xac dinh TGS va lugng nhiét VLS hap
thu vdi cac cac ché dé SGP khac nhau

Bang 2 la két qua xac dinh TGS va lugng nhiét VLS
h&p thu khi SGD theo sd dé nhiét do TNS gidm dan
theo bac (nhiét dd TNS ban dau 1a 40°C). Nhiing két
qua in nghiéng dam (ing véi cac trudng hgp nhiét do
VLS tai thdi diém cudi QTS thap hon nhiét dd TNS.

Béng 2: TGS va lugng nhiét VLS hap thu khi SGD kiéu béc thang,
nhiét dé6 TNS ban d4u 40°C dén do dm tuong déi 12%

dan theo bac, ching toi ti€n hanh xac dinh méc so | | wnetao tEE?i%it am | Tho | Luong et | nitas | apis
sanh, hay xac dinh ché do6 say lién tuc phu hgp ca dau () | lohayy | doc) | PN | (kIm) | QTSCC) | grglag
2 A : H A i 1 40 200 5 377,0 333 34,98 35,0
vé nang lugng va TGS trong pham vi nghién ctu. s o 50 . e w0 0
Y o Y , . N a 3 40 180 4 376,0 286 32,90 32,0
Bang 1 la két qua xac dinh TGS va lugng nhiét 4 40 180 3| 8680 341 35,40 34,0
VLS hép thu (tudng Uing véi kha nang TKNL nhu da o T a0 Yoo T s a1 S0s | 50
lap luén & phuong phap nghién ciu) ung véi cac  ———5 70 +sa04 5o 3210|550
ché& do sdy lién tuc khac nhau. o 40 170 8 8716 313 84,17 34,0
* 10 40 170 2 363,6 359 36,23 36,0
Bang 1: TGS va lugng nhiét VLS hép thu khi sdy lién tuc T 160 5 ases | 221 o0 | 300
Al A A AT 0, 13 40 160 4 385,2 265 32,00 32,0
den do am tlfdﬂg do’ 126 14 40 160 3 374,8 310 34,01 34,0
Nhiét o o Nhiét do Lugng nhiét e 10 i : s S0 s6.05 360
0 By am Toc do Thd' gian 3 17 40 150 5 402,6 223 29,98 30,0
STT | doTNS TNS (%) | TNS (m/s) | say (phut) VLS cudi VLS hap thy 18 40 150 4 389,9 266 31,98 32,0
(°€) QTS (°C) (kd/m?) 19 40 150 3 376,0 310 33.99 34,0
20 40 150 2 367,8 355 35,99 36,0
; gg gg 1 'g i??’g gi'gg gjg 21 40 150 1 358,4 398 37,99 38,0
) ) ’ 22 40 140 5 408,4 224 29,98 29,0
3 30 30 1 0 4862 29 98 255 23 40 140 4 394,4 267 31,98 32,0
- - . 24 40 140 3 381,6 311 33,98 34,0
4 25 30 1,0 579,2 24,99 161 25 40 140 2 370,0 355 35,98 36,0
26 40 140 1 359,4 399 37,98 38,0
5 3 30 10 385.2 36,98 386 27 40 130 5 419,0 118 25,38 25,0
28 40 130 4 400,2 213 29,60 28,0
29 40 130 3 384,8 312 33,90 34,0
Tu bang 1 c6 thé thdy, khi nhiét do TNS gidm thi =1 150 F—— T — A )
TGS tang 1&n; nhung nhiét lugng VLS hap thu hay ——— R N R T 2001 | 250
tiéu hao nang lugng lai giam di. AT T2 T 595360
, , 36 40 125 1 361,0 399 37,98 38,0
A i A A cA i@ ¥ 37 40 120 5 4324 113 24,99 25,0
NhL{VGyI, khi Iu’a ChQn Cr‘]e CIO say lién tUC\) phU h?,p 38 40 120 4 410,0 179 28,03 28,0
theo ca khia canh TGS va nang lugng thi khi biéu 39 | a0 120 3 [ 910 248 3118 31.0
x A " P’ > ~ A 40 40 120 2 375,0 322 34,50 34,0
dien TGS, lugng nhiét VLS héap thu ¢ bang 1 trén dé 4 40 120 1 361,0 39 37,80 37,0
. N z N Y by A n 3 42 40 115 5 439,0 114 24,99 25,0
thl_A,(hu;]h 2) €0 cung trAl,_Jc‘hoth la rlhlet do TN% thAI o R s T arzs a0 2700 250
thay rang phu hgp nhét la ché dé say 37°C. Ché dd a4 40 115 3 3944 245 31,02 31,0
e s N ~ o 2 s . s 2 45 40 115 2 377,0 313 34,10 34,0
say lién tuc nay cling dugc su dung dé danh gia kha % w0 110 4| 4198 181 27,99 28,0
nang TKNL va rat ngan TGS cla cac ché ddé SGD | = s = BT
tlé’p theo 49 40 90 1 368,0 366 36,48 36,0
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Danh gia kha nang TKNL va rut ngan TGS

So sanh vdi ché dé sdy lién tuc 37°C (d6 &m 30%,
téc do 1 m/s)

Bang 3 thé hién két qua so sanh cac ché do SGP
c6 TGS va lugng nhiét hap thu bdi VLS thap hon so
vGi ché do sdy lién tuc 37°C (30%, 1 m/s). K&t qua
cho thay, ton tai cac QTS gian doan véi nhiét do
TNS gidm dan theo bac viia rat ngén duge TGS vua
c6 kha nang TKNL. QTS TKNL I6n nhat la 19,69%
Ging v6i TGS rut ngan 1a 1,87%. Kha nang rut ngan
TGS I6n nhat la 4,52% (ng vG6i kha nang TKNL la
8,03%.

Béng 3: so sdnh vdi ché dé sdy lién tuc 37°C

Nigt | Khodngthdl | o | gy | Luong | Nnigtdd dﬁrms a'gl:ﬁt Mic &6
gy | & | giangam nhiétdo | gian séy THEIVLS | WLScudl | o ngan | TKNL
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w0 | W 3| s | o | %% | % | 08 | 104
5| 0 | W 2 | om0 | % | %% | % | 3% | 80
b 0 | 3 | g | M | %® | % | o0 |
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So sénh vdi ché dé sdy lién tuc 40°C (d6 &m 30%,
téc dé 1 m/s)

Bang 4 thé hién két qua so sanh céac ché do SGD
¢6 lugng nhiét hap thu bdi VLS thap hon so vai ché do
say lién tuc 40°C (30%, 1 m/s). K&t qua cho thay, tat
ca cac QTS nhiét do gidm dan theo bac déu c6 TGS
dai han so v6i QTS lién tuc 6 cung nhiét dd 40°C. Tuy
vay, ton tai cac QTS gian doan vdéi nhiét dd TNS giam
dan theo bac c6 kha nang TKNL cao (i6i 19,86% nang
lugng) trong khi d6 TGS téng chi tdng 5,09%.

Béng 4: so sanh véi ché do say lién tuc 40°C

Khoang . o
it | tiigian | B3gam | 'O | Lungomigt| Nhietdd | Nhigtdo | " | e
STT[doTNS | gidm | nhiétdd ié. VLS hap th | VLS cudi | TNS cusi TGg TKNL
cc) | nhigtdo | (c) | S | mg | QTsee) | atsee) | o> | ()
: (pht) (%)
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1w | - ©o w00 | w3 | s | 40
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f ] w0 | 0 | 1 | me4| 8 | w9s | 8 | 240 | 1016
5 40 | w0 | 1 4| e | e | % | 269 | 998
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7 a ] 0 | 1 w0 s | we | o | 314 | 106t
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Két luan
H

Nhiing két qua thu dugc cho thay tinh uu viét
cla viéc SGD ca vé thdi gian cling nhu n&ng lugng.
Trong pham vi nghién ctu dua ra, ton tai ché do
SGD véi nhiét d6 TNS gidm dan theo bac ma TGS
c6 thé rut ngan dudc 4,52% va cling ton tai ché do
sdy ma nang luong c6 thé dugc tiét kiém t6i 19,86%
so vGi QTS lién tyc... Day la nhiing con s6 thuc su
c6 y nghia déi véi linh vuc tiéu hao nhiéu ning lugng
nhu ky thuat say e
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