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TOM TAT

Phuong phap gian do Wilson |a mot phwong phdp duoc sir dung dé xdc dinh hé sé trao
doi nhiét doi hwu trong mét sé qué trinh truyén nhiét. bay la phwong phap duot ung dung
nhiéu trong nghién cizu thiét bi trao doi nhiét, ddac biét doi véi cac thiét bi co bé mat trao doi
nhiét phirc tap, khé tiép cdn trong viéc tinh toan qué trinh truyén nhiét. Trong nghién cizu nay
trinh bay #ng dung phirong phdp gian dé Wilson dé phat trién phwong trinh s Nusselt cia
dong luu chat tir két qua mé phong CFD. Mét mé hinh dwong ong gia nhiét cho nuéc véi mat
trong ong c6 canh dang tron, bén ngoai ong droC cap mét dong nhiéz khong déi da dwgc xem
xét. Cac md hinh toan hoc lién quan den phuwong trinh ning lweong, hoi quy tuyén tinh duwoc
phan tich bang phan mém EES (Engineering Equation Solver). Két qua nghién cizu cho thdy,
tir daz liéu mé phong CFD bang phicong phdp gidn do Wilson da phat trién dwoc phirong trinh
s6 Nusselt ciia dong nwdc Véi twong quan R*=0,9992. Qua dé cho thay, phwong phdp gian doé
Wilson c6 thé siz dung vao trong nghién ciu thiét b trao doi nhiét khdng chi trong thuc
nghiém ma con c6 thé vdn dung vao trong nghién citu m0 phong. Phwong phdp nay co thé van

dung vao trong gidng day thi nghiém hodc mé phdng so lién quan dén thiét bi trao dsi nhiét
cho sinh vién dai hoc.

Tir khda: hé so trao doi nhi¢r doi heu; s6 Nusselt; md phong CFD; phuong phdp gian do
Wilson; hoi quy tuyen tinh.

ABSTRACT

The Wilson plot method is a method used to determine the convective heat transfer
coefficient in some heat transfer processes. This is a method that has been widely applied in
research on heat exchangers, especially for devices with complex and inaccessible heat
exchanger surfaces in calculating heat transfer. In this study, the application of the Wilson
plot method is presented to develop the Nusselt number correlation of the fluid flow from the
CFD simulation results. A model for water heating pipe with the pipe surface with round fins,
the outside pipe supplies a constant heat flow were reviewed. The analytical solution for the
mathematical model involving energy, linear regression is obtained using an EES
(Engineering Equation Solver) program. The research results show that from the CFD
simulation data using the Wilson plot method, the Nusselt number correlation of the water
flow has been developed with the correlation R>=0,9992. Thereby, it is shown that the Wilson
plot method can be used to study heat exchangers in experiments and simulation studies. This
method can be applied in teaching experiments or numerical simulations related to heat
exchangers for university students.

Keywords: convective heat exchange coefficient; Nusselt number; CFD simulation; the
Wilson plot method; linear regression.
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1. GIOI THIEU

Trao d6i nhiét doi luu 1 mot hinh thic
truyén nhiét giira dong chat léng va bé mat
vat ran khi c6 su chénh léch vé nhiét do. Hé
s6 trao doi nhiét d6i luu duge xac dinh théng
qua céc tiéu chuan dong dang: sé Nusselt
(Nu), sb Prandtl (Pr), s6 Reynolds (Re), sé
Grashof (Gr) va phuong trinh tiéu chuan.
Phuong trinh tiéu chuan dugc xac dinh thong
qua thuc nghiém. Tuy nhién, kho6 khan chinh
cua viéc thuc nghiém la viéc xac dinh nhiét
d6 bé mat vat ran, dac biét rat phac tap khi
khong tiép can dugc nhu trong thiét bi trao
d6i nhiét.

Phuong phap gian do Wilson (PPGD
Wilson) do E.E.Wilson [1] dé xuét sir dung
dé xac dinh hé so trao d6i nhiét dbi luu trong
mot s6 truong hop kho tiép can bé mit trao
d6i nhiét. PPGD Wilson duoc danh gia 1a
phuong phap don gian duoc ung dung nhiéu
trong cac nghién ctru lién quan dén phan tich
thiét bj trao doi nhiét [2], don cir nhu: Kuo va
Wang [3] ung dung PPGD Wilson dé phan
tich qua trinh bay hoi moi chat R22 trong
dng tron va trong 6ng c6 kénh micro-fin. Yoo
va France [4] thuc nghiém khao sat qué trinh
s6i cia mdi chat R113 trong thiét bi trao doi
nhiét ong long ong bang PPGD Wilson.
Zhnegguo va cong sy [5] ung dung PPGD
Wilson dé diéu tra qua trinh trao ddi nhiét
gitra nuwdc va dau trong thiét bi trao doi nhiét
dang ng vo. Kuo va cong su [6] ung dung
PPGP Wilson dé khao sat qua trinh sdi cua
mdi chat R410A trong thiét bi trao ddi nhiét
dang tam. Bukasa va cong su [7, 8] nghién
clru quéa trinh ngung tu ciia mdi chit R22,
R134a va R407C bén trong ong c6 kénh
micro véi canh xodn 6¢c. Cheng va cong su
[9] nghién ctru thuc nghiém khao sat trao doi
nhiét gitra khong khi va nuéc, khdong khi va
hoi nuéc trong thiét bi trao doi nhiét polymer
compact. Mohebbi va Veysi [10] ung dung
PPGP Wilson dé khao sat qua trinh trao doi
nhiét gitra dong nudéc nodng va lanh trong
thiét b trao ddi nhiét dang tim cé vach chéo
chr V. Sheeba va cong su [11] tng dung
PPGP Wilson dé xem xét qué trinh trao doi
nhiét gitra dong nudéc nodng va lanh trong

thiét bi trao d6i nhiét 5ng 16ng 6ng dang xoan
hinh nén. Zhen Li va cong s [12] tng dung
PPGD Wilson dé phan tich qua trinh truyén
nhiét khi bay hoi cia mdi chit R134a trong
thiét bj trao doi nhiét éng 16ng éng. Kumar
va cong su [13] tng dung PPGD Wilson dé
khao sat kha ning truyén nhiét giita dong
nuéc néng va lanh trong thiét bj trao doi
nhiét éng vo Voi 6ng trao ddi nhiét dang
vong xoan. Jo va cong su [14] ung dung
PPGD Wilson dé danh gia va so sanh dic
tinh truyén nhiét caa mdi chat R-1234ze (E)
trong thiét bi trao doi nhiét dang ong vo va
dang tAm.

Trong nhitng nim gan day véi sy phat
trién cua cong nghé may tinh, nhiéu nghién
ctru bang mé phong sé (CFD) da duogc thuc
hién. Nghién cu bang mé phong sé giam
dugc chi phi, cong stc va thoi gian so véi
nhitng nghién ciu thuc nghiém truyén thong.
Viéc két hop md phong CFD va PPGD
Wilson cling da dugc thuc hién trong cac
nghién ctru nhu: Dirker va Meyer [15] thuc
nghiém khao sat qué trinh trao d6i nhiét cua
nuéc trong dng hinh vanh khan biang PPGD
Wilson va mé phong CFD dé ddi chiéu. Van
va cong su [16] s dung md phong CFD dé
phan tich qué trinh trao doi nhiét cua nudc
trong thiét bi 6ng long ong va thuc nghiém
d6i chiéu bang PPGD Wilson.

Qua cac nghién cau trén cho thiy PPGD
Wilson sir dung dé xac dinh hé sb trao doi
nhiét d6i luu da duoc thuc hién bang thuc
nghiém hoic thuc nghiém dé kiém chang mo
phong.

Viéc phéat trién phuong trinh s6 Nusselt
trong md phong CFD c¢6 thé thuc hién thdng
qua cac phuong trinh can bang nang luong va
hoi quy tuyen tinh. Qua cac nghién cuu, chua
thdy c6 dé cap nao vé viéc van dung PPGD
Wilson dé phét trién phuong trinh s6 Nusselt
tir dit liéu md phong sb. Do do, trong nghién
ctu hién tai, véi muc dich van dung PPGD
Wilson dé phét trién phuong trinh s6 Nusselt
thay cho phuong phap truyén thng. Nghién
cttu d3 thyc hién khao sat sé Nusselt cua
dong nudc trong dng trao doi nhiét cd canh
dang tron doc theo truc 6ng, bén ngoai dng
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cdp mot dong nhiét 10000W/m?. Dua theo
két qua cia md phong CFD tién hanh phét
trién phwong trinh s6 Nusselt theo PPGD
Wilson. Qua dé dé danh gia kha ning van
dung su két hop nay trong viéc phat trién
phuong trinh s0 Nusselt. Ciing nhu c6 dé
Xuit cho viéc tng dung vao giang day trong
phong thi nghiém cho sinh vién dai hoc.

2. PHUONG PHAP GIAN PO WILSON

Phuong phéap gidn d6 Wilson dugc EE
Wilson dé xuat dé xac dinh hé So trao doi
nhiét trong binh ngung 6ng vo nam ngang
v6i hoi moi chat ngung tu bén ngoai 4ng.
Hinh 1 md ta nhiét tré ctia qua trinh trao déi
nhiét giira chat long lam mat bén trong 6ng
va hoi méi chit ngung tu bén ngoal .ong ung
V6i truong hop duge Wilson dé xuat dé xac
dinh hé sb trao ddi nhiét.

Ti l (8}

Luu chat lam mat

R; — Ry

-~

"

R fo R v

/ Vach éng

/

i) T R,
Moéi chat ngung tu

=

Mang bam ban

Hinh 1. So @6 nhiét tré qué trinh truyén
nhiét qua ong
Tong nhiét tré qua trinh truyén nhiét
dugc xac dinh [2]:

Ry =R, +Rp +R, +R; +R 1)
Trong do:
1 . . )
R, = ——- Nhiét tro doi luu bén ngoai
aO (o]
bng; KIW
R, = - Nhiét tro do mang ban bén
hfo I:o
ngoai 6ng; K/W
In(d, /d.)
=——2—'=_Nhiét tro vach; K/IW
Ay =

1 .
Ry hEC Nhiét tré do mang ban bén trong

fiti

ong; KIW

1 .
R, =——- Nhiét tré do do6i luu bén trong
a.

ong; KIW

ai, to- Heé sb toa nhiét ddi luu bén trong va
bén ngoai 6ng; W/m2.K

hii, hro - Hé s& bam ban bén trong va bén
ngoai ong; W/m?.K

Fi, Fo - Dién tich bén trong va bén ngoai 6ng;
mZ
A - Hé s6 dan nhiét caa vach dng; W/mK
L - Chiéu dai 6ng; m

Vé&i mot qua trinh ngung tu cu thé néu
dong luu chat 1am mét duoc thay doi thi sy
thay doi cua tong nhiét tra cha yéu la do su
thay doi hé sb trao d6i nhiét & trong ong,
trong khi cac nhiét tré con lai gan nhu khong
thay d6i [2]. Do d6, nhiét tré do qué trinh ddi
luu bén ngoai 6ng, nhiét tro do mang ban bén
ngoai dng va bén trong ong, nhiét tro vach
6ng co thé duogc xem 1a khong doi. Do do ta
co duoc:

C, =R +R, +R,+R, =const ()

Hg s6 trao doi nhiét doi luu cho dong
chay roi bén trong ong duoc xac dinh theo
phuong trinh Dittus—Boelter [17]:

a;, =C.Re" Pro* [dﬁj 3)
Trong do:

Re -S6 Reynolds

Pr - Sb Prandtl

A- Hé s6 dan nhiét chat long lam mat;
W/mK

C, m - C4c hé sb ciia phuong trinh

Néu bo qua anh huong cua sy thay doi
cac thong sé vat Iy cua chat long lam mat thi
nhiét trg trong caa 6ng ti 1& voi Re™. Do do,
nhiét trg trong cé thé biéu dién nhu phuong
trinh:

1
R, =C, o @
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Tur phuong trinh (1), (2) va (4) c¢6 dugc:

1
Ry, =Ci+Cy ®)

Mat khéc, tong nhiét tré ciua qua trinh
trao d6i nhiét c6 thé xac dinh bang thuc
nghiém va tinh toan theo cac phuong trinh
truyén nhiét co ban (6-9) [18].

AT
ROV :_tb 6
] (6)

T,-T)-(T,-T,)
T — \ | \ 0

* I, ~T) /T, T, )] "
g=mc,.(T,-T;) (8)
Re :M 9)

U

Trong do:

g- Nhiét luong trao doi, kKW

ATw- Hiéu nhiét do trung binh logarit; K

Ty~ Nhiét do véach 6ng; K

Ti- Nhiét do chat long 1am mét vao; K

To- Nhiét do chat long l1am mat ra; K

m- Luu luong khéi lugng chat long lam mét;
kgls

cp- Nhiét dung riéng chat long lam
kJ/kg.K

o~ Khéi luong riéng chat long lam
kg/m?®

mat;
mat;

1~ Do nhét chat long 1am mat kg/m.s

v- Van tc chat long 1am mat di trong 6ng;
m/s

Néu gia st gia tri cia s6 mii m trong
phuong trinh (5), két hop voi céc gia tri thuc
nghiém dé xac dinh téng nhiét tré Rov ta co
thé hoi quy tuyén tinh dé xac dinh hé sé C;
va C; trong phuong trinh (5). Sau d6 c6 thé
x4c dinh duoc hé sb dbi luu bén ngoai bng,
bén trong 6ng va hé sé C trong phuong trinh
(10-12). Phuong phap nay dugc goi la
phuong phép gian d6 Wilson.

1
= 10
% T EIC,—(Ry + R, + Ry)] (10)
Re™

= 11
“TCF ()
C_ 1 (12)

C,Pr'*F (j‘]

Nhuogce diém caa PPGD Wilson 1a phai
gia thiét vé s mii m cua sd Reynolds. Do do,
mot cai tién caa phuong phap duoc &p dung
dé khic phuc diéu nay goi la PPGD Wilson
cai tién. Phuong phap nay duogc thuc hién
twong ty nhu PPGD Wilson tuy nhién khi hoi
quy tuyén tinh bang d6 thi thi st dung
phuong trinh (13) bang céch Iy logarit 2 vé
phuong trinh (5) [2]:

In( 1 ]zln(ij+mln(Re)
Rov_Cl C2

Céc budce dé xac dinh h¢ s6 mii (m) cua
phuong trinh (13) theo PPGD Wilson cai tién
duoc thuc hién theo so d6 Hinh 2.

(13)

Nhép dir li¢u thue nghiém

Bat dau |— T.T,T,v
|

Tinh

ATy, q, Re, P, R,,C;
!

oV

Gia thiét hé s6 mii m
cta so I}eynolds
Hoi quy tuyén tinh
xac dinh m
l r
So sanh hé so mi m véi
gia thiét

L khac nhau —T

Két thuc

T bang nhau ‘

Hinh 2. Gidn do xdac dinh hé s6 m theo PPGD
Wilson cdi tien
Phuong trinh s6 Nusselt trong éng duoc
xac dinh:

Nu =C.Re" Pr" (14)
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3. MO HINH TINH TOAN

Trong nghién ctu nay, mé hinh vat ly
V6i canh trao doi nhiét bén trong dng vé phia
dong nuéc duoc dé xuat. MO hinh vat ly
dugc xem xét dudi goc d6 bé mat trao doi
nhiét phuc tap va kho tiép can. Hinh 3 mo ta
mot mién tinh toan véi cac diéu kién mé
phong. Mién tinh toan 1a mét éng nhdm co
duong kinh do/di= 6,4 mm / 4,88 mm, chiéu
dai 6ng L = 400 mm. Bén trong dng c6 canh
dang tron vai chiéu cao canh h = 1 mm, bé
day canh 6 = 1 mm, budc canh p= 50 mm.
Dong nudc lanh di trong dng voi nhiét do
dau vao Ti=35°C. S& Reynolds cua dong
nudc lanh dugc khao sat trong pham vi Re=
3400 + 10000. Ap suat dau ra cua dong nudc
lanh duoc thiét 1ap bang ap suat khi quyén.
Bén ngoai dng duoc cap vai mot dong nhiét
v6i mat do khong ddi g=10000W/m?2,

L=400 mm
p=50 mm Canh tron
v, Ti | —‘ | / ‘F i P kq
—| . d, T P
Nuoe [ L W I vy To
lam mat ]q N_\
Vich dng ‘ / 5=1 mm
/ﬂ\\\
\/4\ h=1 mm

Hinh 3. Mién tinh todn, diéu kién ban dau va
diéu kién bién
Chia ludi dong nude lam mat
\ Vi tri canh cua Oong
e

>

Chia ludi vach ong

Hinh 4. Chia luéi mién tinh todn

Hinh 4 trinh bay chia luéi mién tinh toén.

Dé kiém tra doc Iap ludi, s6 nat lu6i tu
1314000 den 2897000 da duoc thuc hién &
truong hop van toc nudc v=0,5 m/s. Nhu két

qua thé hién ¢ Bang 1, khi sé nut lugi khoang
2897000 thi sai léch két qua s6 Nusselt cua
dong nuéc 1am mat so véi truong hop sb nat
ludi 2460000 khoang 1,89%. DPé dam bao do
chinh x4&c md phong va thoi gian tinh toan
thich hop, chip nhan sai sé nay va chon kich
thudc cac phan tir lugi 0,3 mm tuong (g voi
s6 nat ludi 2897000.

Bdng 1. Kiém tra doc lap luedi

STT | S6phantirlwéi | S6 Nusselt
1 1314000 46,78
2 1964000 47,72
3 2460000 49,21
4 2897000 50,16

Trong nghién ctu nay, md hinh chay réi
k-e, RND két hop xtr 1y ting cudng vach
(enhanced wall treatment) duoc su dung
trong mo phong va theo danh gia [19] thi mod
hinh chay rbi nay pht hop véi duong 6ng co
nham bén trong. Sai s6 cho phwong trinh lién
tuc, phuong trinh dong lugng, phuong trinh
niang luwong trong md phong la 10°. Céc
thdng s6 vat 1y cua nu6c va ong nhom dugc
thé hién nhu Bang 2 va Bang 3, cac két qua
dugc trich xuat tur dix lieu cua phan mém
Ansys 2019 [20] va phan mém EES [21].

Bdang 2. Thong sé vat Iy cia nhdm

STT Pai lugng Gia tri
1 | Khéi lugng riéng (kg/m®) | 2719
2 Nhiét dung riéng (J/kg.K) | 871
3 | Heé sé dan nhigt (W/m.K) | 202,4

Bdng 3. Thong sé vat 1Y ciia mréc theo nhiét
do tuyét doi (K)

STT | ailugng Gia tri
Khéi lugng | P=819,551+
1 s o | 1,49044T -
rieng (kg/m°) 7 905710472
i Cy=5449,53 -
o [Nhietdung 7453697 +
rieng (kg K) | 501237272
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STT | Pailweng Giatri
ok A= -0.7725
¢ so dan 4
3 pmetWimiko| * 75:210610°T
- 9.8404310°5T2
oo et 1=0,0140,497
4 [PoNNo -73.851610°°T
(kg/m.s)
+9,9283710°8T2

Trong nghién ctu nay, dé don gian hoa
viéc tinh toan, dién tich trao d6i nhiét bén
trong 6ng dwoc xac dinh bang phan mém
Inventor 2019 [22] khi dyng mé hinh. Bé xac
nhan do tin cdy cua két qua md phong, mot
mo phong s6 da duogc thyc hién voi truong
hop 6ng tron va kiém chang véi phuong
trinh Dittus—Boelter. Két qua cho thdy, s6
Nusselt cua két qua md phong hién tai véi
phuong trinh s6 Nusselt cua Dittus—Boelter
6 tinh phu hop cao (Hinh 5). Do d6, viéc st
dung két qua mo phong sé c6 thé tin cay dé
c6 cac ban luan tiép theo.

80
75
70 :
5. ® Theo ket qua mo phong CFD
60
55
550
Z45
40
35
30
25

20
3000 4000 5000 6000 7000 8000 9000 1000011000
Re

— Theo phwong trinh Dittus-Boelter

Hinh 5. Xdc nhdn két qua mé phong so véi dir
liéu dd cong bo

4. KET QUA VA THAO LUAN

Tir cac két qua cua dit lisu md phong ¢
Bang 4 nhan thay, khi ting tbc do dong nudc
tir 0,5 =+ 1,5 m/s thi nhiét d6 dong nudc dau
ra tang tur 0,7 + 2,08°C, tdc do dong nudc
cang 16n thi nhiét d6 dong nude dau ra cang
giam. Piéu nay c6 thé giai thich rang khi
tang toc do dong nudc thi luu luong khoi

23

lugng dong nudc tang dang ké trong khi
luong nhiét cap vao khong co su thay doi
nhiéu dan dén nhiét do dong nudc cO xu

huéng giam khi ting tc d6 dong nuéc.

Bdng 4. Két qud tir md phong CFD

TH1 | 0,5 | 35 | 37,08000 | 37,85000
TH2 | 0,8 | 35 | 36,30772 | 36,90587
TH3 | 1,0 | 35 | 36,04455 | 36,60316
TH4 | 1,2 | 35 | 35,86977 | 36,39326
TH5 | 15 | 35 | 35,69614 | 36,16785

Thuc hién tinh toan xac dinh tong nhiét
tré Rov theo cac phuong trinh (6-9), két qua
tinh toan thé hién nhu ¢ Bang 5. Tur bang 5
cho thay khi tang toc do dong nudc thi nhiét
trg tong Rov ¢6 xu hudng giam. Khi ting tdc
do6 dong nudc din dén lam ting kha ning
trao d6i nhiét bén trong dng hay noi cach
khac h¢ s6 trao doi nhiét ddi luu bén trong
bng tang 1én. Do do, nhiét tro do d6i luu bén
trong ong giam xuong trong khi do, cac thanh
phan nhiét tro khac gan nhu khong thay doi.
Vi vay tong nhiét tro qua trinh trao doi nhiét
giam khi ting toc do dong nudc.

Bdng 5. Két qua tinh toan tong nhiét Roy tir
ket qua md phong

T’;"q“’;g AOTCtb’ Re | Pr |Ro, KIW
TH1 | 1,589 | 3439 | 4,816 | 0,01966
TH2 | 1,128 | 5462 | 4,858 | 0,01387
TH3 | 0,9908 | 6810 | 4,872 | 0,0122
TH4 |0,8885 | 8158 | 4,882 | 0,01095
TH5 | 0,7679 | 10617 | 3,612 | 0,009458

Str dyng PPGD Wilson dé xac dinh sb
Nusselt theo dang phuong trinh cua Dittus—
Boelter. S6 Prandtl va Reynolds duoc lay
tuong ung la 0,4 va 0,8. Tuong quan gitra Rov
va 1/Re8 thé hién nhu Hinh 6. Két qua xac
dinh dugc phuong trinh (15) véi twong quan
R?=0,9999:
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0.02;

—R,=0.00208259 + 11.7849/Re"®

0.018]  R2=0.9999

0.008"
0.0006

0.0008  0.001  0.0012

1/Re*®
Hinh 6. Tuwong quan theo PPGD Wilson

R,, =0,00208259+11,7849/ Re®® (15)

0.0014 0.0016

Sau khi x4c dinh dwoc hé sb
C1=0,00208259; C»>=11,7849 trong phuong
trinh (5). Hé sé C duoc x4c dinh théng qua
tuong quan ¢ phuong trinh (12) va xac dinh
dugc C = 0,04464. Do d6 phuong trinh s6
Nusselt cua dong nudc lanh trong éng duoc
xac dinh:

Nu = 0,04464Re"8 Pr04 (16)

Phuong trinh (16) duoc lap véi hé sé
tuong quan R?=0,9984 (Hinh 7). Sai léch 16n
nhat ham caa s6 Nusselt 1ap dugc so véi két
qua mo phong 21,37%.

140
130
120
110
100

—NUyison=0.04464Re%8 P4
R?-0.9984

Nusselt (Nu)
a =~ o0 O
o O O O

30 n

40
2000

4000 6000 8000 10000 12000

Re

Hinh 7. Phat trién ham cza sé Nusselt theo
PPGD Wilson tw dir lieu CFD

Str dung PPGD Wilson cai tién xac dinh

1 Vi
Rov - C1

In(Re)nhu Hinh 8. Két qua xic dinh dugc

ham sé twong quan giita In(

phuong trinh (17) Vvoi

R?=0,9985:

tuong quan

In| —1 |- _163388+0,6871In(Re) (17)
R, -C,

5.0
ag MVRo, Cr)l=163368 + 0687 1n(Re)
| R%=0.9985
46
G 44
€42
£
4.0
3.8
386
8 82 84 86 88 9 92 94
In(Re)
Hinh 8. Twong quan theo PPGD Wilson
cdi tién

Tir hé s6 mii m=0,6871 cua so Reynolds
trong phuong trinh (17) su dung PPGD
Wilson cai tién hoi quy xac dinh duogc ham
tuong quan gitra Rov v6i Re™ nhu Hinh 9.
Két qua xac dinh dugc phuong trinh (18) voéi
tuong quan R?=1:

1
=0.000160021 +5, 20214 o (18)
0.030
—Ry,=0.000160021 + 5.20214Re 057"
0.025 R2=1
0.020
¥
2.0015
3
4
0.010
0.005
0.000
0.0016 0.002 0.0024 0.0028 0.0032 0.0036 0.004
1Re 0.6871
Hinh 9. Tuwong quan theo PPGP Wilson Cai
tien
Sau khi xac dinh dugc hé s

C1=O,00016002;; Cz=5,2021f1 trong phuong
trinh (5). HE s toa nhiét doi luu cua nudc
bén trong ong dugc xac dinh theo phuong
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trinh (11) va c6 duoc =5,20214.Re%687
W/m2.K. Hé sé C dugc xac dinh théng qua
tuong quan ¢ phuong trinh (12) va xac dinh
dugc C = 0,1012. Do d6 phuong trinh sb
Nusselt cua dong nudc lanh trong éng dugc
xac dinh:

Nu = 0,1012Re?%8" pr04

120
—NuUyison=0.1012Re* %871 pr04
110 .

R?=0.9992

100
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2000

(19)

Nusselt (Nu)

4000 6000

Re 8000

10000 12000

Hinh 10. Phat trién ham cia s6 Nusselt theo
PPGP Wilson cai tien tir dir lieu CFD

Phuong trinh (19) dugc 1ap véi hé sb
twong quan R?=0,9992 (Hinh 10). Sai léch
I6n nhat ham cua s6 Nusselt 1ap duoc so voi
két qua mo phong 4%. Qua d6 cho thay,
phuong trinh (19) phat trién theo PPGD
Wilson cai tién c6 do chinh xac cao hon so
v6i phuong trinh (16) phét trién theo PPGD
Wilson. Do do6, phuong trinh (19) véi sai Iéch
chap nhan duogc, c6 thé sir dung dé du doan

25

s6 Nusselt cia dong nuéc lanh & pham vi
khao sat trong nghién cuiru nay.

5. KET LUAN

Nghién ctru nay trinh bay phuong phap
xéc dinh phuong trinh s6 Nusselt bang gian
dd Wilson két hop mé phong sé CFD. Mot
mo hinh dudng 6ng gia nhiét cho nuéc véi
mat trong ong co canh dang tron, bén ngoai
éng dugc cip mot dong nhiét khong d01 da
duoc xem xét. Qua nghién ciu c6 mot sé két
luan nhu sau:

- Phuong trinh (19) thé hién phuong
trinh s6 Nusselt cua dong nudc lanh trong
pham vi khao sat. Phuong trinh ¢6 d6 tin cay
cao Véi twong quan R?=0,9992. Sai léch 16n
nhat gitta ham cua s6 Nusselt lap duoc voi
két qua tir mb phong 1a 4%. Qua d6 cho thay,
viéc van dung PPGD Wilson dé phéat trién
phuong trinh s6 Nusselt tir dit liéu mé phong
1a chap nhan duoc, ¢ thé van dung vao trong
nghién cuu.

- PPGD Wilson c6 thé ap dung cho
nghién ctu thyc nghiém hoic md phong sé
lién quan dén thiét bi trao d6i nhiét cd bé mit
trao d6i nhiét phuc tap, kho tiép can.

- C6 thé van dung su két hop gita mo
phong s6 va PPGP Wilson vao giang day
trong phong thi nghiém cho sinh vién dai hoc.
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