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Today, manual longan drying kilns are still commonly used in longan
growing provinces such as Hung Yen and Son La. These furnaces have
low efficiency due to the inappropriate layout of the heat exchanger and
the use of poor insulation materials. Temperature, pressure, and speed
of the drying agent greatly affect the quality of the dried product. This
article will introduce the method of simulating the thermodynamic gas
field of a 36 m® drying oven of a household-scale production unit in
Song Ma district, Son La province, based on Ansys Fluent software.
The obtained results indicate an uneven temperature distribution in the
drying oven. Based on the results of simulation calculations, research
has been done to improve the oven configuration to improve the oven's
performance and the results show that the temperature field in the oven
is improved, thereby improving product quality.
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Ngay nay, cac 10 sdy long nhan thii cong van dwoc sir dung phé bién tai
cac tinh trong nhan nhu Hung Yén, Son La. Cac 16 nay c6 hiéu suat
thip do cach bd tri thiét bi trao d6i nhiét khong hop 1y, str dung céc vat
liéu cach nhiét kém. Nhiét do, 4p suat, van tdc tac nhan sy anh huong
rat nhiéu dén chat luong san pham siy. Bai bao nay sé& gioi thiéu
phuong phap mé phong truong khi nhiét dong luc hoc cua 16 siy 36 m?
cuia mot don vi san xuat quy mo ho gia dinh tai huyén Séng Ma, tinh
Son La, dua trén phan mém Ansys Fluent. Cac két qua thu dwoc chi ra
su phan b6 khong ddng déu nhiét do trong 10 sdy. Dua trén két qua tinh
toan md phong, nghién ctru dé xut cai tién cau hinh 10 siy dé nang cao
hiéu suét caa 1o va két qua cho thiy truong nhiét do trong 10 duogc cai
thién tir d6 chét luvong san phdm dwoc nang cao.
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1. Mé dau

Nhin 1a mot trong mudi loai trai ciy phd bién ¢ Viét Nam, cui nhan c6 mau tring nga mong
nuge, ¢6 vi ngot nhu duong phén va mui thom déc trung, hat den bong véi vong tron trang &
Cuong nhin gidng nhu mét rong [1] - [3]. Tur xua, sdn phdm tir nhin cua Viét Nam da 1a san
phdm duoc yéu thich cua cac triéu dai Trung Quéc. Nam 2023, Viét Nam da thu duoc hon 14
trigu USD tir xuat khau cac san pham tir nhan, tang gan gap 2,5 1an so voi nam 2022 [4]. Nhan
tré thanh trai cay xudt khau chu lc dung sau trai Sau riéng (Durian fruit).

Dé c6 thé bao quan trong thoi gian dai ma van giit duoc vi ngot ngon cua phan thit qua sau
khi tach khoi vo va hat, ngudi ta dem cui nhan siy kho tao thanh long nhan. Vé ngoai thudng
mang mau vang dam hoic nau sam. Long nhén sau sdy kho, khong dinh tay nhung déo mém va
¢6 vi ngot, huong thom nhe nhang rat dic trung. Khong chi dugc ua chudng sur dung trong doi
séng hang ngay, long nhin con chira rat nhidu dudng chat va 1a mot vi thude c6 ngudn goc tor ty
nhién gitp bao vé suac khoe, chira tri nhleu bénh khac nhau [5]. Long nhén tuy vao nhiét do sdy s&
c6 d6 mong day khong déu nhau. Mét s6 nghién ctru vé g Xt qué trinh sdy va cai thién hiéu
Suét say da duoc thuc hién [6] —[10].

O mién Bac Viét Nam, Hung Yén va Son La la 2 tinh ¢6 san lugng nhan hang nam I6n. Trong
do, tinh Son La vdi dac thu cong nghiép ché bién chua phat trién nén viéc siy nhan mang tinh
chat tho so va thu cong. Long nhin c¢6 thé thuc hién bang hinh thirc phoi khé duéi anh ning mat
troi, hodc sdy nhiét tai cac 10 siy thu cong (Hinh 1a). Lo siy c6 quy trinh van hanh don gian sir
dung nguyén 1y truyén nhiét cudng buc. Viéc diéu chinh nhiét do hay toc do nang nhiét do trong
16 twong d6i don gian bang cach thém cui (Hinh 1b).
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a. Buong say b. Cira tiép nhzen lzeu dot . )
Hinh 1. Lo say Long Nhan (HTX Hoa Muoi) huyén Song Ma, tinh Son La: a) buong say,
b) cura tiép nhién liéu dot

Tuy nhién, qua qua trinh danh gi4 chét lugng me say tai mot co so san xuat hop tac xa Hoa
Mudi tai huyén Song M4, tinh Son La cho thdy nhiét do ‘trong hé thng phan bd chua dong déu
dan dén san pham chua dat dén chat lugng nhu mong mubn. Do do, viée x4c dinh truong nhiét do
ctia 16 nung can dugc nghién ciru dé ning cao chat lwong san pham. Véi nhitng yéu cau thyc tién
trén, trong bdo cdo nay, nghién ctru s& thuc hién tinh todan mé phong truong nhiét do cua 1o sdy.
Céc két qua md phong 3D truong phan bd nhiét do 1o nung trong hai trudng hop: 10 sdy hién tai
(SM) va 1o say Vv6i phuong an cai tién (SMU) cho thdy voi phuong 4n cai tién truong nhiét do
phan b6 ddng déu hon tir 6 chét lugng san pham dugc ning cao.
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2. Co s& Iy thuyét

Qua trinh say 1a qua trinh tach am (chu yéu 13 nudc va hoi nude) khoi vat liéu siy dé thai vao
mdi trudng. Am c6 mit trong vat liéu say nhan duoc nang lugng theo mot phuong thire nao do
tach khoi vat liéu sy va dich chuyén tir trong 10ng vat thé ra bé mat, tir bé mat vao modi truong
xung quanh [11]. Lo sdy long nhan tai co so thyc té sir dung theo hé thdng sdy dbi luu cudng
birc. Khi gia nhiét cho khong khi, nhiét do khong khi ting 1én, d6 4m twong ddi giam con do chira
hoi khong d6i. Khi khong khi tiép xuc véi vat lidu say sé truyén nhiét cho vat ligu siy dé am béc
hoi, ddng thoi do khong khi c6 do am twong ddi thap nén chénh 1éch phan ap suat hoi & bé mat
vat ligu sdy va khong khi s& di 16n lam cho am thoat ra d& dang. Chénh léch nhiét do giita khong
khi va vat lidu sdy cang 16n tdc do bdc hoi am cang 16n, thoi gian say cang nho, vat kho cang
nhanh [12]. Bé don gian hoa mo hinh bai toan, nghién ctru thuc hién tinh toan vai bo cp nhiét on
dinh trong dai nhiét do tir 60°C dén 100°C va sir dung quat thdi dé tao dong khi nong co tc do
cho trudc.

DPé md phong qua trinh trao d6i nhiét dién ra trong 16 sy long nhan, nghién ciru cin ctr vao
cac dinh luat co ban trong co hoc chat 1ong nhu dinh luat bao toan khéi lugng, dinh luat bao toan
dong lIugng va dinh luat bao toan nang luong [13], [14]. Dua trén cac dinh luat nay, hé cac
phuong trinh vi phan mo ta qua trinh khi dong hoc dién ra trong 16 siy duoc thiét lap nhu sau:

Phuong trinh bao toan dong lugng:

p% = pg — grad(p) + uv*i (1)
Phuong trinh lién tuc:
((39_/: = —div(pu) 2
Phuong trinh bao toan nang lugng:
L —avT+ L g grad(T) (3)
at pCyp

Trong d6, U 1a van toc dong chét khi, T 1a nhiét 6 chat khi, p 1a ap suat dong khi, p khdi
luong riéng, 4 d6 nhot dong hoc cua dong khi. C 1a nhiét dung riéng clia dong khi, @ h¢ s6

- A ; i

dan nhiét 4o (a =——[m?/s]), G, 1a ngudn nhiét trong 15.

C,p
Trong bai béo nay, hé phuong trinh trén s& duoc tinh toan nhd phan mém tinh toan sb Ansys

Fluent.

3. Thiét 1ap mé hinh mé phéng va tinh toan, phan tich két qua

3.1. M6 hinh mé phéng 1o siy

Trong phan nay, md hinh mé phong dugc xay dung bang phan mém NX va tinh todn qua trinh
dan nhiét trong 16 sdy long nhan bang phan meém ANSYS Fluent. Bai toan ¢ ddy la bai toan dan
nhiét khong 6n dinh (truong nhiét do, van toc, ap suét thay doi theo thoi gian). Cac théng s6 hinh
hoc, cau tao ciia 16 dung dé tinh toan, mé phong dugc liy nhu sé liéu & Bang 1.

Bang 1. Cdc dai heong ddc trung ciia mé hinh 16 sdy

Pai lwgng dac trung Gia tri
Kich thuoc 10 say [dai (m) x rong (m) % cao (m)] 4x3x3
Kich thude tim sang [cm] 250 x 160 x 5
Khoang cach gilta cac sang [cm] 40
Puong kinh dng trao dbi nhiét [mm] 100
S6 6ng trao ddi nhiét 15
Thé tich budng siy [m%] 36
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Budng sy
(dai rong cao)

Ong trao
déi nhiét

Hinh 2. M6 hinh mé phong 1o sdy Long Nhén tai huyén Séng Ma, tinh Son La

Dua vao khao sat thyc té 10 sdy long nhan khu vuc huyén Song M4, tinh Son La thi trong phan
md hinh rdi nghién ctru nay sir dung mé hinh k — € v6i truong hop tinh toan van téc bo phan cap
liéu sir dung quat thdi co van tde dat 3 m/s, 5 m/s, 8 m/s, 10 m/s, bo phan cap nhiét c6 dai nhiét do
tir 60°C+100°C, hé s6 dan nhiét cia bo phan truyén tai 1a 20 W/m’K, nhiét d6 maéi truong caa 1o
sdy 1a 30 d6 C. Cac thong sb cua mé hinh (Hinh 2) dugc gidi thiéu nhu trong Bang 2.

Bang 2. Cdc thong sé Ciia mé hinh mé phong

Théng s6 mé hinh mé phéng Gia tri
Kich thudc 10 say [dai (m) X rdng (m) X cao (m)] 4x3x3
S6 niit phan tir 221172
S6 phan tir 1123595
Téc @6 dong khi nong budng siy [m/s] 3,5,8,10
Dai nhiét d6 ctia bd cip nhiét [°C] 60-100
Heé sb dan nhiét ciia bd phan truyén tai [W/m?K] 20
Nhiét d6 moi truong cua 10 siy [°C] 30

3.2. Phaén tich va danh gid trwong phén bo nhiét dj 1o sdy
3.2.1. Pdnh gid d¢ tin cdy cia phan mém mé phong sé

Mo phéng khi dong hoc bén trong budng siy cua 10 sdy long nhin 1a mé phong trao doi nhiét va
4m cua dong nhiét di qua nhiéu vat can. Dy 1a m6 hinh kinh dién va théng dung dugc ding dé
kiém chimng cac mé hinh tinh toan s ciing nhu d6 tin cay cua viéc thiét lap bai toan CFD trong tinh
toan md phong dong chay qua nhiéu vat thé. Bé danh gia d¢ tin cay cua m6 hinh nhi¢t dong hoc 10
Say, nghién ciru s& dua trén mo hinh co ban cia trao d6i nhiét véi dong nhi¢t di qua vat can 1a sy
ddi luu phat sinh tir cac burc tuong kénh thang hay vach dang nhiét c6 diéu kién bién nhiét do 2 bén
vach 500°K, nhiét ¢ dau vao 300°K, van tdc dau vao 0,28 m/s trong nghién ctiu cia tac gia Osama
A. Gaheen [15]. Két qua tinh toan trong 2 truong hop dugc thé hién trong Hinh 3.

Cac mo phong sb da duoc thuc hién bﬁng cach str dung bo giai dong Navier—Stokes. Cac mo
phong dugc thuc hién trén phan mém Ansys Fluent sir dung mo-dun da vat 1y cho hinh hoc, tao
1uéi, tinh toan, nghién ctiru tham s6 va xir 1y sau.

Theo két qua tinh toan mo phong md hinh dbi luu trao d6i nhiét dong qua vach dang nhiét
dugce trinh bay ¢ Bang 3, cho thdy két qua tinh toan cua tac gia khi sir dung tng dung Ansys
Fluent 13 twong dong véi két qua tinh toan di duoc cong bd trude ddy. Piéu nay chung to viéc
thiét lap bai toan va xtr Iy mé hinh duya trén phan mém Ansys Fluent c6 thé tin cay dé sir dung
tinh toan cho cac bai toan trong nghién ciru nay.
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3.414e+02
3.276e+02
3.138e+02
3.000e+02

a. Tinh toan mé hinh kénh cé vay [15] ) b. Két qua todn tinh kiém chimg
Hinh 3. Két qud cho bai todn mau (a) va két qua cho mé hinh kiém ching (b)
Bang 3. Két qua tinh todn nhiét d6 mé hinh déi lwu qua vach dang nhiét cia tac gia khdc nhau
Mohamed A. Aziz - Osama A. Gaheen [15] Ansys Fluent Sai sb
Nhiét d6 dau ra (K) 371,64 377,97 1,7%

3.2.2. Phan tich, danh gid truwong nhiét @é cia o sdy dang vdn hanh tai co sé Sdn Xudt (mé hinh
SMO — Séng Ma Origin)

Trong phan nay, truong nhiét do cua 10 sdy c6 chtra vat siy dit trén khay dugc tinh toan dua
trén phin mém Ansys Fluent. Trong nghién ctru nay, tac gia don gian hoa riang cac vat siy va
khay c6 hinh dang 1a cac tim phang xép trong 10 nhur trén Hinh 2. Qué trinh trao ddi nhiét giita
vat va dong khi trong 10 tuan theo dinh luat Newton, véi hé sé toa nhiét duoc chon theo tai liéu
tham khao [11]. Sau qua trinh thiét lap diéu kién tinh toan va lya chon mé hinh giai trong module
ANSYS Solution, nhém nghién ctru thu duoc cac két qua truong phan bd nhiét do trong 10 sdy
nhu Hinh 4.

Phan b8 nhiét dd trén cac khay

320 —= Khayl -+ Khay2 --a—-Khay3 = Khayd —=—Khay5

0 05 1 15 H 25 ES

Chiéu Dai (m)

a. Truong nhiér do theo mat cat doc b. Nhiét d@g tai cc khay theo mdt cdt doc

Hinh 4. Biéu dé phdn bé nhiét dg tai vi tri cdc khay chira vat liéu sdy theo chiéu doc mé hinh (SM)

Hinh 4a biéu dién trudng nhiét do tai cac khay dé long nhén theo mit cat doc cua 10 sdy. Két
qua cho thiy cac khay & phia trén c6 nhiét d6 thip hon cac khay & phia dudi, vi tri cac khay (1, 2,
3, 4, 5) xap theo thi ty tir trén xubng dudi va d6 dong déu vé nhiét 1a chua cao (Hinh 4b). Nhiét
d6 tai hai bién tuwong thip nhat do tudng trong budng siy khong cé tinh chat cach nhiét phu hop
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v6i diéu kién thyc té tai co so san xuat. Nhiét do tai phia bén trai budng (Hinh 4a) cao hon nhiét
d6 & phia bén phai.

Hinh 5a biéu dién truong nhiét do tai cac khay dé long nhin theo mit cat ngang cia 1o siy.
Két qua cho thiy rang cic khay & phia trén c6 nhiét d6 thap hon cac khay & phia dudi, vi tri cac
khay (1, 2, 3, 4, 5) sap theo thir ty tir trén xubng dudi va phan bd nhiét do trong cing 1 khay say
tuong dbi dong déu (Hinh 5b). Nhiét d6 tai bén tuong trai thip do twong trong budng sy khong
¢ tinh chat cach nhiét.

Phan b6 nhiét dé trén cac khay

=
=
o
30856402 | Z
K =
s
 —
320 § —e Khayl -+-Khay2 --a-- Khay3 - Khayd —=—Khay5s
318
—5 Chiéu Dai (m)
a. Truong nhiér do theo mat cat ngang b. Nhiét dé tai cdc khay theo mdt cdt ngang

Hinh 5. Trwong nhiét do tai vi tri chiva vt liéu sdy theo chiéu ngang

3.2.3. Phan tich, danh gid triong nhiét dg cia 16 sdy khi cdi tién khay sdy long nhan (Mé hinh
SMU - Song Mda Upgraded)

Dua trén cu hinh thuc té tai co s¢ san Xuit, nghién ctru d& xuit md hinh 10 siy méi véi cach
thay doi khOang cach giita cac khay sdy tang khoang cach hi¢n tai tir 40 cm 1én 50 cm. Dy kién
voi cach thay d6i nhu vay, truong van toc trong 10 say s€ tang 1én tir d6 phan b nhiét do sé tro
nén dong déu hon. Két qua mé phong cho ciu hinh dé xuit dwoc thé hién nhu Hinh 6 va Hinh 7.

— Phan b6 nhiét do trén cac khay
P e
: I T ..
l_ <
‘ =
. @
=z
[z =
‘ =
} f —= . Khayl -+ -Khay2 --a--Khay3 .= Khayd —=—Khay5 1
i [ -
| T B Chigu Dai {m)
a. Truong nhiét dg theo mat cdt doc b. Nhiéz dé tai cdc khay theo mat cat doc

Hinh 6. Truong nhiét dg tai vi tri khay chira vt liéu sdy theo chiéu doc

Tir két qua mo phong thu duoc, ching ta thiy phan bd nhiét do cua 1o sdy da duogc cai thién
(Hinh 6a, Hinh 7a). Nhiét d6 phan bo trén cic khay da tré nén dong déu so v&i nguyén mau
(Hinh 6b, Hinh 7b).
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Smperagre Phan b6 nhiét dd trén cac khay

0z |
347es02 —— )
Gt

SEY

3.000e+02 [—
K1

1
Nhiét D (K)

—= Khayl -+-Khay2 --a-- Khay3 .= Khayd —s—Khay5
] ‘ ‘ - 6hi§u béi (m)
a. Truong nhiér dé theo mdt cdt ngang b. Nhiét dé tai cac khay theo mdt cdt ngang

Hinh 7. Biéu d6 phdn bé nhiét dg tai vi tri chira vt liéu sdy theo chiéu ngang
3.2.4. Phan tich, ddnh gid nhiét @ trung binh trén khay sdy khi thay déi van toc dong khi

Khéo sat thém v6i 2 md hinh SMU va SMO véi trudng hop van tc quat thoi 3 m/s, 8 m/s, 10
m/s thu dugc két qua truong nhiét d6 tai vi tri khay chira vat liéu say nhu sau:

Bang 4. Két qua khdo sdt nhiét dé tai vi tri sdy qua cdc van toc quat théi khdc nhau

Mb hinh  Van téc quat  Nhiét do bd cip Khoang nhiét do Nhiét d§ trung binh

(ms) nhiét (°C) chénh Iéch (°C) C)

SMU 3 60-100 57-67

SMO 3 60-100 54-63 58

SMU 5 60-100 65-72 69

SMO 5 60-100 55-63 59

SMU 8 60-100 58-66 62

SMO 8 60-100 54-63 58,5

SMU 10 60-100 58-67 62,5

SMO 10 60-100 53-61 57

Theo két qua tinh toan (Bang 4) trén c6 thé thay vai diéu kién bién cé sy thay ddi vé van toc
thi v6i didu kién bién quat thdi 13 5 m/s md hinh 16 sdy SMU c6 truong nhiét do tai vi tri chira vat
liéu sdy c6 su trao doi nhiét tot hon & muc trung binh 69°C va khoang chénh léch nhiét d¢ 1a 7°C,
cac truong hop khac véi didu kién bién quat théi 1a 3 m/s, 8 m/s, 10 m/s c6 muc trao doi nhiét
thip hon (62-62,5°C) va khoang chénh léch nhiét do tir 8-10°C.

Déi v6i md hinh 10 siy SMO truong hop diéu Kién bién quat thoi 1a 5 m/s ¢6 sy trao doi nhiét
& mirc 59°C va khoang chénh léch nhiét 6 8°C, cac trudng hop khac vai diéu Kién bién quat thoi
12 3 m/s, 8 m/s, 10 m/s c6 mirc trao d6i nhiét thip hon (57-58,5°C) va khoang chénh 1éch nhiét do
tir 8-9°C.

Nhu vay thong qua 2 danh gia trén ta c6 thé thay doi véi thiét ké cia mé hinh SMU ¢ vi tri
khay chira vat liéu say rong hon thi c6 su trao doi nhiét tét hon, con ddi voi mé hinh SMO thi ¢6
su trao ddi nhiét thap hon vi c6 thiét ké cac khay chira vat liéu siy day dac. Tong két lai thi mo
hinh SMU véi diéu kién bién quat thdi 5 m/s c6 su trao d6i nhiét tot nhit va khoang chénh léch
nhiét d6 tai vi tri chtra vat liéu sdy thap gitp cho hiéu qua cua mot mé siy dat chat luong cao hon.

4. Két luan

Trong nghién ciru ndy, mé hinh 16 sdy long nhan dbi luu cudng birc duge tinh toan dua trén
phan mém mo phong sé ANSYS Fluent. Két qua mé phong mé hinh thuc té (SMO) chi ra rang
nhiét do phan bb khong déng déu trong 10 sdy long nhan tai €O SO sdn XUAt, diéu nay anh huong
nhiéu toi chat lwong san pham. Nhom nghién ctru da dé xut mo hinh 10 say long nhan (SMU)
cho hiéu suét cao hon so v6i mé hinh thyc té (SMO) tai co s¢ san xuét. Viéc sap xép lai vi tri cac
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khay dé san pham trong 10 sy gitp cho dong khi dich chuyén thuan lgi, tao nén truong nhiét do
phan b déng déu trong 10, dan t6i higu suét trao ddi nhiét cua dong khi véi san pham cao hon va
san pham cudi cung s& dat chat luong t6t nhat. Bé c6 duge truong phén bd nhiét do dong deu
dap ung dugc yéu cau san xuat thuc té, cac thiét bi ciu tao cua 10 can phai thay ddi va sap xép
hop ly. Day la bai toan quan trong trong qua trinh thiét ké, van hanh 16 say va ciing la huéng phat
trién nghién cru tiép theo ciia nhom nghién ctru trong thoi gian sip tai.

Loi cam on

Cam on Hop tac xa Hoa Mudi huyén Song M3, tinh Son La da hd tro nghién ciru nay.
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