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TOM TAT

Bai bdo nay trinh bay nghién ciru mé phong déc tinh dong chdy va truyén nhiét qua dan
néng ciia mdy say bom nhiét bang cdach sir dung phwong phdp méi trwong xop (porous medium).
Muc tiéu chinh ciia nghién cieu la don gian héa cdu triic hinh hoc phic tap ciia dan ong canh ma
hiéu fc_tubes sCF-775-58T nham t6i wu héa nguon luc tinh todn trong mé phéng CFD. Bang
phiwrong phdp héi quy da thire tir dit liéu thue nghiém vé dj sut dp sudt theo van téc dén gio, nghién
cieu da xdc Idp dwege ham twong quan AP = 3.65335V2 + 5.93523V, Tir d6, cdc théng sé tro khang
quan trong cua dan da dwoc trich xudt véi hé s6 khang nhot dat 1.928 ~ 10° 1/m? va hé 56 khang
qudn tinh dat 105 1/m. Két qua mé phong bang phan mém ANSYS Fluent cho thdy sw phdn bé nhiét
c’z’é va dp sudt qua dan cé dg tin cdy cao; cu thé & van toc don gié 4 m/s, nhiét do khéng khi ra dat
xap xi 40°C va dg sut dp sudt khodang 100 Pa, hoan toan trung khép véi cdc thong sé tinh todn va
diéu kién bién ban dau. Phu’o’ng phap tlep cdn nay cung cap mot cong cu hiéu qua cho viéc du bao
nhanh hiéu sudt nhiét va téi wu hoa thiét ké cdac hé thong say bom nhiét trong thyc té.

Tir khéa: Sdy gié néng; M6 hinh xép; Dan éng canh; Nhiét thiy luc.

ABSTRACT

This paper presents a simulation study on the flow characteristics and heat transfer across
the condenser of a heat pump dryer using the porous medium approach. The primary objective of
the research is to simplify the complex geometry of the finned-tube heat exchanger (model fc_tubes
sCF-775-58T) to optimize computational resources in CFD simulations. By applying polynomial
regression to experimental data regarding pressure drop versus frontal air velocity, the study
established the correlation function: AP = 3.65335V? + 5.93523V. From this, critical resistance
parameters were extracted, yielding a viscous resistance coefficient of 1.928 x 10° 1/m? and an inertial
resistance coefficient of 105 1/m. Simulation results obtained via ANSYS Fluent demonstrate high
reliability in temperature and pressure distribution; specifically, at a frontal velocity of 4 m/s, the
outlet air temperature reached approximately 40°C with a pressure drop of about 100 Pa, aligning
perfectly with calculated parameters and initial boundary conditions. This approach provides an
efficient tool for rapid thermal performance prediction and design optimization of practical heat
pump drying systems.

Keywords: Hot air drying, Porous model; Finned-tube heat exchanger, Thermo-hydraulic. =~
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1. PAT VAN PE

Cong nghé sdy dung bom nhiét hién
dang duoc xem la mot trong nhitng giai phap
t6i uu nhat trong linh vic bio quan nong san va
thyc phdm nho kha ning tiét kiém nang luong
vuot tréi va bao vé chat lugng san pham. Khac
v6i cac phuong phap sdy nhiét truyén théng
thuong gy that thoat nhiét 1on ra méi truong,
hé théng sé'ly bom nhiét hoat dong dua trén mot
chu trinh khép kin, trong d6 dan néong cua bom
nhi¢t dong vai tro la bd phan gia nhiét chinh
cho tac nhan sdy [1]. Trong cdu tao cia may
sdy bom nhiét, cac dan trao ddi nhiét (thuong la
dang dng dong canh nhom) 1a thanh phan then
chét quyét dinh hiéu suét ciia toan bo hé thong.
Khoéng khi sau khi di qua dan néng s€ duoc
nhan nhiét luong tor moi chét lanh, tang nhiét
d6 1én muc can thiét trude khi di vao budng siy
dé tach am tir vat lidu siy. Hiéu qua cta qua
trinh nay phu thudc rat 16n vao dic tinh truyén
nhi¢t va dong luc hoc ctia dong khi khi di qua
cac khe hep gitra cac canh tan nhi¢t va cac hang
6ng. Viéc thiét ké dan trao ddi nhiét sao cho dat
duoc dién tich tiép xtic 1én nhét nhung van dam
bao do sut 4p sudt ciia dong khong khi ¢ mirc
thap 12 mot bai toan t6i wu hoa phuc tap.

Trong nghién ctu va phat trién thiét
bi nhiét lanh, viéc mo phong sé (CFD) dong
vai trd cuc ky quan trong dé du béo trude hicu
suat 1am viéc cua thiét bi. Tuy nhién, cac dan
trao ddi nhiét thuc té thuong co ciu tao cuc ky
chi tiét v4i hang tram canh tan nhiét mong va
nhiéu hang 6ng dan xen. Néu xay dung ludi
md phong chi tiét cho timg khe hep ciia canh
tan nhiét, khdi luong tinh toan sé& tré' nén khong
16, doi hoi cdu hinh may tinh cuc manh va thoi
gian xtr 1y rat dai. Dé giai quyét thach thirc
nay, mo hinh méi truong xdp (porous medium)
dugc tng dung nhu mot phuong phap don gian
hoéa hi¢u qua va mang tinh dot pha. Thay vi
phai mé phong timg chi tiét hinh hoc nho nht,

chung ta xem toan bo khi dan trao d6i nhiét 1a
mot ving khong gian dong nhat c6 cac dic tinh
can tr¢ dong chay tuong duong [2]. Y nghla
cua phuong phap nay bao gom: Giam dang ké
sO lugng ludi (mesh), gitp qua trinh mé phong
dién ra nhanh chong nhung van dam bao do
tin cdy vé mat vat ly. Thong qua viéc hoi quy
cac ham sé vé do sut 4p sudt theo vén toc gio.
M6 hinh nay cho phép quan sat truc quan su
thay doi trang thai ctia khong khi (4p sut giam
dan va nhiét do tang dan) khi di xuyén qua dan
néng, tir d6 gitp hiéu chinh cac thong sd van
hanh cua may siy mot cach chinh xac [3-5].
Viée két hop gitra thuc nghiém do dac va mo
phong moéi trudng xdp khong chi gitp cac ky
sur hiéu rd ban chat qua trinh trao d6i nhiét ma
con 13 co so dé cai tién thiét ké cac hé thong say
bom nhi¢t hién dai, huéng td1 muc ti€éu nang
cao ning sudt va giam gia thanh van hanh.

Nghién ctru nay xuat phat tir nhu cau
t6i wu hoa hiéu suat ning luong trong cong
ngh¢ say bom nhiét, mot giai phap tién tién
gitip tiét kiém dién ning va bao vé chat luong
néng san. Tuy nhién, viéc mo phong chi tiét
cac dan trao d6i nhiét dng canh (fin-and-tube
heat exchanger) bang phuwong phap CFD truyén
thdng gap tré ngai 16n vé khdi lugng tinh toan
do céu trac hinh hoc cuc ky phirc tap cua cac
14 nhém va hang dng. Do d6, nghién ctru nay
duoc thuc hién nham ung dung mo hinh moi
truong x6p (porous medium model) dé don
gian hoa qué trinh mo phong ma van dam bao
do tin cay.

2. MO TA MO HINH

Cau tao cua hé théng séy bom nhiét
trong nghién ctru nay dwgc mo ta tong quat
thong qua Hinh 1. Theo do, thiét bi bao gdm
mot dan néng dong vai trd 14 bo phan trao doi
nhiét chinh, noi ning luong tir moi chat lanh
dugc truyén cho ludng khong khi di qua. Sau
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khi nhan nhiét, luéng khi nong tiép tuc luu
thong vao budng sdy dé thyc hién qua trinh
tach Am tir vat lidu séy, von dugce b tri trén cac
khay sdy theo mot quy luat nhit dinh nham tbi
vu héa dién tich tiép xtic. Huéng chuyén dong
ctia tac nhan siy dugc thiét 1ap xuyén sudt tir
dan gia nhiét dén budng sdy, dam bao sy phan
bd nhiét ning dong déu cho qua trinh 1am kho
san pham.

bé phuc vu cho vi¢c xay dung mo hinh
md phong, cac thong sé hinh hoc chi tiét cua
dan 6ng canh (ma hiéu fc_tubes sCF-775-58T)
da duoc xac lap cu thé trong Hinh 2. Dan trao
d6i nhiét sir dung cdu tric dng dong cé duong
kinh ngoai 1a 10,21 mm. Cac 6ng duoc bd tri
theo so do so le v6i bude dng ngang 1a 22 mm
va budc dng dimg 1a 25,4 mm nham tang cuong
su x40 tron ctia dong khi. Hé thong canh tan
nhiét phing bao quanh cac hang dng c6 do day
14 canh 13 0,3302 mm, duogc lap dat voi bude
canh (khoang céach gilta cac canh) la 3,175
mm. Viéc x&c dinh chinh xé4c cac thong s6 kich
thudc niy 14 co s& quan trong dé tinh toan dic
tinh dong chay va cac hé s6 khang trong mo
hinh maéi trudng xbp & cac giai doan tiép theo
cua nghién ctru.
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Hinh 1. So do sdy ding bom nhiét
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Hinh 2. Théng sé hinh hoc dan néng [6]

Trong phian mém ANSYS Fluent [7],
viéc md phong dong chay va truyén nhiét qua
moéi trudng x6p (porous medium) duogc thuc
hién bang cach b sung cac sé hang ngudn vao
phuong trinh bao toan dong lugng va bdo toan
ning luong chuin. Mbi trudng x6p duge mod
phong bang cach thém mot s6 hang ngudn dong
luong vao phuong trinh Navier-Stokes chudn
dé dai dién cho do sut ap suét do luc can dong
chay gy ra. Xem mdi trudng x6p dong nhat
don gian va lién hé gitra do sut ap sut (P) voi
$6 hang nguén (S), co thé duoc biéu dién 1a:

] 1
£ = —II.'E e +CEE.-:~| vl ::,-} =WP

Trong do6, a 1a 6 thim (permeability),
1/a 1;‘1 khang nhot (viscous resistance), va C, la
hé so khang quan tinh (inertial resistance).

Bang 1 trinh bay cac thong s6 dau vao
phuc vu cho qué trinh thiét 1ap mo6 phong s6 cho
hé théng dan nong. Cac thong sd nay bao gom
dién tich don gi6 cua dan 13 1 m2, chiéu cao dan
13 1 m va chiéu dai dan (d6 day theo phuong
dong chay) 1a 0,1 m. V& mit nhiét dong, bang
xéac dinh diéu kién bién véi nhiét do khong khi
di vao dan la 30°C va nhiét do khong khi sau
khi ra khoi dan dat 40°C. Céc thong s6 nhiét vat
Iy ctia khong khi (khdi lugng riéng p, do nhét
dong luc hoc p) duoc léy ¢ nhiét d¢ trung binh
cua khong khi qua dan.

Bdng 1. Céc théng sé nhdp vao

Théng s6 Gia tri
Dién tich don gio AL = 1m?
Chiéu dai dan L=0.lm
Nhiét d6 khong khi vao dan T,=30°C
Nhiét do khong khi ra khoi dan T, =40C
Chiéu cao dan H=1m

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 342, thang 6 nim 2026 RV

cokhivietnam.vn



NGHIEN CUU - TRAO DOI

3. KET QUA VA THAO LUAN

Pé xac dinh cac hé sé khang dic trung
cho mé hinh méi truong xbp, nghién ciru tién
hanh phan tich mdi twong quan giira do sut ap
sudt va van tc don gid thong qua dit liéu biéu
dién tai Hinh 3 dung phan mém EES. Bing
phuong phap hdi quy da thirc bac hai trén tap
dit liéu thuc nghiém, ham s6 mé ta su bién thién
clia ap suat duoc xac lap dudi dang phuong
trinh hoi quy. Dya trén nguyén 1y ciia mo hinh
Darcy-Forchheimer, cac hé sd cua phuong
trinh hdi quy nay dugc dbi chiéu twong ing voi
céc thanh phan khang nhét va khang quén tinh.
Két hop véi cac thong sé vat 1y ciia khong khi
va chiéu dai dan, két qua tinh toan da xac dinh
duoc gia tri khang nhét (Viscous Resistance)
nhu sau:

25
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Hinh 3. Hoi quy tuyén tinh ham chénh léch ap sudt
khong khi qua dan

3.65335235 =ViscousResistance - |- L
5.93522597 = InertialResistance-p-L /2

Khi d@6, ViscousResistance = 1.928x10°
1/m? va InertialResistance = 105 1/m.

Két qua mod phong phan bd nhiét do
khong khi khi di qua dan néng duoc thé hién
truc quan qua Hinh 4, minh ching cho tinh
chinh x4c ctia mé hinh méi truong xop da thiét
1ap. Quan sat trudng nhiét do, ta co thé thdy su

gia tang nhiét do ro rét cia dong khi tir muc
30°C tai cira vao cho dén khi dat xap xi 40°C tai
ctra ra sau khi xuyén qua ving mién xp. Diém
dang cht ¥ 13 v&i ngudn nhiét thé tich duogc tinh
todn va nhap vao la 454562 W/m? (tuong ing
v6i van toc don gio 4 m/s), két qua nhiét do gid
ra dat duoc hoan toan tring khép véi thong sd
muc tieu T, = 40°C da dé ra trong Bang 1. Su
hoi tu gitta gia tri md phong va théng sd dau
vao nay khong chi khang dinh tinh dung dan
ctia viéc xac dinh ngudn nhiét thé tich ma con
cho thay kha ning ctia mé hinh xdp trong viéc
tai hién chinh xac qué trinh trao doi nhiét thuc
té bén trong dan nong ctia may sdy bom nhiét.
Ta c6 thé thay su bién thién dong nhét ctia dong
khi khi di chuyén xuyén qua ving mién xop.
Tai ctra vao, khong khi duy tri mirc nhiét do
6n dinh 1a 30°C, dung véi thong sb thiét lap
ban dau trong Bang 1. Khi dong khi tiép xuc va
di xuyén qua ving x6p (dai dién cho dan ong
canh), nhiét do ting dan theo phwong chuyén
dong cua dong chay do tic dong cua ngudn
nhiét thé tich da duogc xéc 1ap.

toc don gio 4 m/s (nguon nhiét thé tich 454562 W/m?)

Hinh 5 trinh bay két qua mo phong
truong p suat tinh cua dong khong khi khi di
xuyén qua dan néng & van tdc don gid 4 m/s.

Quan sat biéu do phan bd ap suit, ta
thdy mot su sut giam ap sudt rd rét va dong déu
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khi dong khi di chuyén tir phia trudc ra phia
sau vung moi tm(mg xop Tai khu vuc cua vao
(phia bén trai mién xop) ap suat tinh dat gia tri
cao nhét, sau d6 giam dan theo phuong chuyén
dong ctua dong chay do tac dong cia lyc can ma
sat va luc can quan tinh tir cAu trac éng canh da
dugc thiét lap thong qua cac hé so tré khang.
Su phan tang mau sic tir do sang xanh trong
mién x6p minh chimg cho tinh 6n dinh ctia mo
hinh trong viéc tai hién ton that ap suat dong
luc hoc. Két qua néy khong chi phu hop vai cac
quy luat vat ly vé dong chay trong moi tmong
han ché ma con cung cap co s& quan trong dé
cac nha thiét ké lya chon cong suit quat phu
hop, dam bao luu luong tac nhan sdy cho toan
b6 hé thong bom nhiét. Do sut ap sudt quan sat
duoc trong md phong 2D dat gia tri xap xi 100
Pa. Gia tri nay hoan toan trung khép véi két qua
thu duoc tir Hinh 3. Sy thong nhét gitra két qua
mo phong sb va tinh toan giai tich mét lan nira
khing dinh rang cac hé s tro khang duoc trich
xuét 14 hoan toan tin cay, cho phép du bao chinh
xéc ton that ap suit dong luc hoc cua dan trao doi
nhiét trong cac diéu kién van hanh khéc nhau.

Hinh 5. Phdn bé dp sudt khéng khi qua dan & van
toc don gié 4 m/s

4. KET LUAN

Nghién ctru da ung dung thanh cong
mo hinh méi trudng xdp (porous medium) dé

mé phong dic tinh dong chay va truyén nhiét
qua dan néng cua may siy bom nhiét. Thong
qua viéc hoi quy dit liéu thuc nghiém, cac hé sb
khang nhét va khang quan tinh dac trung cho
dan 6ng canh fc tubes sCF-775-58T da dugc
xéc dinh chinh xac, voi gia tri lan luot 1 1.928
x 10°1/m? va 105 1/m. Két qua m6 phong bang
phan mém ANSYS Fluent cho thiy sy phan b
nhiét do va ap suat qua dan c6 do tin ciy cao;
dac biét, nhiét d6 gié ra dat mic 40°C hoan
toan tring khop véi thiét 1ap ngudn nhiét thé
tich va cac thong sb tinh toan ban dau. Phuong
phap ti€p can nay khong chi gitp giam thiéu
dang ké th01 gian va ngudn lyc tinh toan ma
con cung cap mot cong cy hiéu qua cho vige t6i
vu hoa thiét ké cac hé théng sdy cong nghiép
hién nay.
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