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A STUDY TO EVALUATE THE EFFECTS OF GEOMETRICAL PARAMETERS OF
FINS ON THE EFFICIENCY OF THE DOUBLE PIPE HEAT EXCHANGER BY
CFD SIMULATION

Nguyén Thanh Son
Trudng DPai hoc Su pham Ky thuat, Pai hoc Pa Nang

TOM TAT

Bai bdo trinh bay nghién ciru danh gid anh hwéng thong sé hinh hoc ciia canh trao doi nhiét
dén hiéu qua trao doi nhiét cia thiét bi trao doi nhiét kiéu éng long ong bang phwong phdp mé
phong sé (CFD). Cdc thiét bj trao doi nhiét kiéu ong long ong c6 cdc canh doc véi 1y sé x = 75%,
50% va 37,5% dwoc dwa ra danh gia. Trong pham vi khdo sat véi sé Reynolds ciia dong niede nong
Re, = 5000-14000 thi hiéu sudt trao doi nhiét cua thiét bi tang lén khi s6 Reynolds ciia dong nuée
nong tang va cé gid tri lom nhat la 16,05% vmg véi Re, = 14000 cua truong hop ty 56 x = 50%.
Ngoai ra, so Nusselt trung binh cua dong nuwoc nong cua ca ba truweong hop tang lén khi so Reynolds
ciia dong miede néng tang nhung sé6 Nusselt trung binh cia dong née lanh lai ¢é khuynh huéng
gidm xuéng.

Tir khéa: Thiét bi trao déi nhiét ong long dng; Mé phong CFD; Cénh doc; Truyén nhiét.
ABSTRACT

The paper presents research on the influence of geometrical parameters of fins on the
efficiency of the double pipe heat exchanger by using numerical simulation (CFD). Double pipe
longitudinal fined heat exchangers have a ratio x = 75%, 50% and 37,5% were investigated. In
the scope of the survey with Reynolds numbers of the hot fluid flow Re, = 5000-14000, the thermal
effectiveness of the double pipe longitudinal fined heat exchanger increases with increasing the
Reynolds numbers of the hot fluid flow and obtains maximum of 16,05% corresponding to Re,
= 14000 and x = 37.5%. Additionally, mean Nusselt numbers of the hot fluid flow increase with
Reynolds numbers of the hot fluid flow increases in all cases, but mean Nusselt numbers of the cold
fluid flow has decreased trend.

Keywords: Double pipe heat exchanger, CFD simulation, Longitudinal fin, Heat transfer.
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1. GIOI THIEU

Thiét bi trao d6i nhiét kiéu 6ng 1ong 6ng
12 loai thiét bi trao d6i nhiét c6 ddy nhiét do lam
viéc rong, co thé lam viéc & ap suét cao, chi phi
thiét ké va bao tri thdp nén duoc st dung rong
rdi nhiéu nganh cong nghiép va doi song nhu
hoéa chét, thuc phém, dau khi, dét may, hé théng
lanh, thong gio,.... Tuy nhién, loai thiét bi nay
¢6 nhuoc diém kich thude 16n, céng kénh do
hiéu qué trao d6i nhiét thap. Vi vdy, viéc cai
tién lién tuc hiéu qua trao d6i nhiét cua thiét
bi trao d6i nhiét kiéu dng c6 ¥ nghia hét strc
quan trong. Trong nhimg nim gan day, cling
vGi su phat trién ciia k§ thuat mo phong CFD
thi viéc nghién ctru thiét ké thiét bi trao doi kiéu
6ng 16ng dng co hiéu sudt cao hon da c6 nhimg
budc tién 16n. Sun and Zhang [1] dé tng dung
phuong phap s6 dé nghién ciru sy anh hudng
clia xody 16n dén cac dic tinh dong chay va
nhiét ctia dong khi chuyén dong hdn loan trong
thiét bj trao ddi nhiét dng va canh. Két qua cho
thdy hé sb truyén nhiét ciia 6ng 16n cao hon
20-30% so v6i ong nho. Sharifi va cong su [2]
da sir dung CFD dé nghién ctru sy anh hudng
day xodn dc dén qua trinh truyén nhiét va ton
that ap sudt trong thiét bi trao ddi nhiét kiéu dng
16ng dng. Két qua cua ho cho thiy thiét bi c6
lap cudn day P =69 mm thi s6 Nusselt ting 1én
1,77 14n so véi thiét bi trao d6i nhiét 6ng léng
ong thong thuong. Arjmandi va cong sy [3] da
tién hanh nghién ctru vé phuong phap sb vé
anh hudng cua su két hop b tao xoay va bang
x04n, voi moi chét 1a chat long nano AlLO,-H,0
dén qua trinh truyén nhi¢t va ton that ap suat
trong thiét bi trao ddi nhiét kiéu éng 10ng dng.
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Két qua cho thay rang ty so ?‘ cO anh huong
16n dén s6 Nusselt, hé s6 ma sat va ddy ciing
12 nguyén nhan lam hiéu suat tang 1én 5 1an so

v6i thiét bi trao d6i nhiét kiéu ong 1ong 6ng
thong thuong. Ngoai ra, viéc gidm goc ctua bd
tao xody ciing 1am s Nusselt, hé s6 ma sat ting
1én. Bén canh d6, mot s6 nghién ctru khac [4-7]
ciing ing dung CFD dé nghién ciru ning cao
hiéu qua trao d6i nhiét cta thiét bi trao d6i nhiét
kiéu ong 16ng dng.

Trong nghién ctru nay, phuong phap
mo phong dong luc hoc chat 1ong (CFD) duogc
tién hanh dé nghién cru anh huong cta thong
s6 hinh hoc cua canh trao doi nhiét dén hiéu
qua trao d6i nhiét cua thiét bi trao d6i nhiét éng
16ng 6ng. Cac truong hop khic nhau cta canh
trao ddi nhiét kiéu doc duoc dua ra phan tich va
ban luan.

2. MO HINH TiNH TOAN

Dé nghién ctru qua trinh nhiét ciia dong
luu chat bén trong thiét bi trao doi nhiét ong
16ng 6ng, tic gia da xem xét mot bo trao ddi
nhiét dng 10ng 6ng 1am bang thép, c6 chiéu dai
500 mm, 6ng ngoai c6 duong kinh d /d, = 60/54
mm, Ong trong c6 duong kinh d,/d, =22/16 mm
v6i 3 truong hop canh doc hinh chit nhat vai
thong s6 hinh hoc khac nhau dugc thé hién
nhu hinh 1. O day, canh trao d6i nhiét duoc cd
dinh doc theo 6ng trong, dang hinh chit nhat,
lam bang thép, c6 bé day 1 mm duoc thiét ké
thong qua viéc thay d6i ty sd chiéu cao cua
canh véi do day cua khong gian gitra hai dng

(goila x= , voi h 1a chiéu cao cua

0,5.(d, —d,)
canh) nhung phai dam bdo dién tich trao doi
nhiét cua 6ng trong khong d6i. Nude nong chay
trong 6ng trong v4i nhiét o dau vao 1a 333K,
nude lanh chay nguge chiéu trong khong gian
giita hai 6ng v&i nhiét do dau vao 1a 293K va
luu lwong 14 0,1 kg/s. Ong ngoai khong trao doi
nhiét véi moi truong.
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Nudc lanh

293K - 0.1 kg/s /

Nudc nong 333K
by
+ (O <]
Trwimg hop 1 Trwong hop 2 Trwimg hop 3
h=12 mm, h=8 mm, h=6 mm
x=75% x =50% x=375%

Hinh 1. Hinh 3D va mdt cdt ngang ciia cdc thiét bi
trao doi nhiét ong long ong dwoc nghién cuu

Céc truong hop nghién ciru cia thiét bi
trao ddi nhiét dng 1dng dugc tién hanh chia ludi
(hinh 2).

Hinh 2. Cdu triic luéi ciia truong hop 2

Pé kiém tra ddc lap cua ludi thi mot
nghién ctru d¢ nhay cua ludi dugc tién hanh
cho trudng hop 3 v6i sé Reynolds cua dong
nudc néng Reh = 14000 va két qua su chiq luoi
dugc trinh bay ¢ hinh 3. Qua day, khi s6 nut
lu6i 1an lugt 16n hon 825995 thi nhiét do dong
nudée lanh va nude nong dau ra khong phu thude
vao ludi. Nhu vay, véi s6 nat w6t nhu trén thi
s€ dam bao do chinh xac mé phong va thoi gian
tinh toan thich hop, do d6 dugc st dung cho mo
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phong véi cac truong hop khac.
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Hinh 3. Kiém tra djc lap cua luoi

Trong nghién ctru nay, mé hinh chay réi
k-epsilon-realizable két hop xir 1y ting cudng
vach (Enhanced wall treatment) dugc sir dung
trong mo phong. Sai sé cho phuong trinh lién
tuc, phuong trinh dong lugng, phuong trinh
nang luong trong mo phong la 10°°. Ngoai ra,
dé dam bao do tin cdy cua két qua mé phong,
mot md phong sé vé su anh huong cua sd
Reynolds dong nudc nong dén sd Nusselt dong
nudce nong da dugc thuc hién cho truong hop 3,
va hinh 4 thé hién két qua ctia mé phong hién
tai v6i két qua thyc nghiém khdo sat s6 Nusselt
dong nudc néng cua Jerry Taborek [8]. Qua
day, s6 Nusselt dong nude nong cia két qua méd
phong hién tai voi dit liéu da cong bd trude do
cua Jerry Taborek [8] c6 tinh phu hgp cao, vdi
sai 50 1on nhat 12 9,15% tai Re, = 14000. Do do,
két qua mo6 phdong c6 thé tin cdy va s€ ban luan
& phan tiép theo.
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Hinh 4. So sanh két quda mé phong véi dix liéu da

cong bo
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3. PHUONG PHAP LUAN

bé xéac dinh hiéu qua trao ddi nhiét cua
TBTDN 6ng 10ng dng thi cac dic tinh truyén
nhiét va thuy luc cta thiét bi cin duoc xac dinh
dua vao cac dai luong quan trong sau: Nhi¢t
luong dong nude néng nha ra va nhi¢t lugng
dong nudc lanh nhan vao duogc xac dinh theo
cac cong thuc:

Qh = mh 'Cp,h . (Tin - Tout )h (1)
Qc = mc'Cp,c * (Tout - Tin )c (2)
Trong do:

Q,: Nhi€t luong dong nude ndng nha ra,
kW;

Q_: Nhiét lugng dong nudc lanh nhan
vao, kW;

m, m,: Luu lugng khéi luong dong
nude lanh va dong nudce nong, kg/s;

Co Cu Nhiét dung riéng cua dong
nudc lanh va dong nudc nong kJ/kg.K;

chin, Tc,out: Nhi¢t do vao va ra cua dong
nudc lanh, K;

T, . T} 0w Nhi€t d0 vao va ra cua dong

nuoc nong, K.

Lugng nhiét trao d6i trung binh gitta
dong nudc néng va dong nudce lanh [9]:

Qh +Qc

5 )

Q=
Hiéu suit cia TBTDN dng 16ng 6ng

duoc xac dinh theo cong thuc [10] :

Q
= 4
o (4)

Trong do: Qma)} 1a lwong nhiét trao doi
16n nhat cia TBTDN 6ng 16ng ong.

Qmax = (mcp )mm (Th,in - Tc,in ) (5)

Voi: (m'Cp)min = mln(mh.Cp,h, mc.Cp,C).
Hé sb toa nhiét dbi luu trung binh cua
dong nudc nong va lanh dugc xac dinh lan luot

theo cac cong thuc [5]:

- q
o, = x — 6
" O’ 5 (Th,in + Th,out ) - Tw ( )

CT-05(T, 4 T)

Trong do: T,, lanhiét do trung binh cua
vo6 dng trong cia TBTDN dng 16ng 6ng, K; dy
12 mat d6 dong nhiét trung binh truyén qua vo
dng trong cia TBTPN éng ldng 6ng, W/m>.

S Nusselt trung binh cta dong nudc
noéng va lanh dugc tinh theo cong thure:

®)

mz OLC.])c (9)

C

, Trong d6: d, la duong kinh trong cua
ong trong, m; D_la duong kinh thuy lgyc cua
dong nudc lanh, m; A, A 1a hé s6 dan nhiét cua
dong nudc néng va lanh, W/m.K.

S6 Reynolds cia dong nudc noéng va
lanh duoc tinh theo cong thuc:

0, .d

Reh:w (10)
Uy
0..D

Re, = Pe®De (1n
[
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Trong do: u,, u_la do nhot dong lue hoc
cﬁq dong nude nong va lanh, kg/m.s; p,, p_ la
khoi luong riéng ciia dong nude nong va lanh,
kg/m’; o, o_la téc d6 ctia dong nude ndng va
lanh, m/s.

4. KET QUA VA THAO LUAN

Pé danh gia anh huong cta thong sb
hinh hoc ctia canh trao déi nhiét dén hiéu qua
trao ddi nhiét cua thiét bi trao d6i nhiét 6ng léng
éng thi phan bd nhiét do, toe do truyén nhiét va
hiéu suat trao ddi nhiét ca truong hop 1, 2, 3
duogc bao cao va phan tich. Ngoai ra, viéc so
sanh gitra cac truong hop cling dugce thyuc hién.

4.1. Phan bo nhiét do

Trong pham vi khio sat s Reynolds
cua dong nudc n(')’ng Re, = 5000 + 14000 thi
anh hudng cua s6 Reynolds cuia dong nudc
nong dén nhiét d6 nude nong va nudc lanh &
dau ra duogc thé hién & hinh 5. Qua day co thé
thiy, & ca ba truong hop thi nhiét d6 nudc nong
va nude lanh & dau ra ting 1én khi s6 Reynolds
ctia dong nudc néng ting. Diéu nay 1a do khi
s0 Reynolds ctia dong nudc néng ting 1én thi
téc d6 cua dong nude nong ciing ting 1én (theo
cong thic (10)), do d6 dan dén nhiét d6 nudc
nong & dau ra ciing ting 1én. Ngoai ra, hiéu qua
trao d6i nhiét cua thiét bj trao doi nhiét ting 1én
khi s6 Reynolds ctia dong nudc nong ting, diéu
nay dan dén nhiét d6 nudc lanh & dau ra cling
tang lén.

Hinh 5. Sw anh huéng cua so Reynolds cia dong
nuwdc nong dén nhiét do nudc nong va lanh o dau
ra cua ba truong hop
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Tir hinh 3, ¢6 thé thdy nhiét d6 16n nhat
ctia nudc lanh & dau ra cho cac trudong hop
1, 2, 3 1an luot 1a 294,52K, 294,6K, 294,59K
ung voi Re, = }4000 va nhiét d6 nho nhét cua
nudc nong ¢ dau ra cho cac truong hop 1, 2, 3
lan lwot 330,95K, 330,88K, 330,84K tng voi
Re, = 5000.

4.2. Téc d9 truyén nhiét

Qua hinh 6, c6 thé thay khi s6 Reynolds
ciia dong nudc nong ting thi s Nusselt trung
binh cua dong nudc ndng cua ca ba truong hop
tang 1én, nhung sd Nusselt trung binh cta dong
nuée lanh lai ¢6 khuynh huéng giam xudng.

Trong do, N_uh, N_uc cua truong hop 1 co
gi4 tri nho nhat trong ba truong hop. Cu thé,
tai R, = 14009, cua truong hop 2, 3 cao hon
truong hop 1 1an luot 1a 12,29%, 4,5% va cua
truong hop 2, 3 cao hon truong hop 1 1an luot
12 0,77%, 5,22%.

Hinh 6. Sy anh hirong ciia s6 Reynolds ciia dong
nwoc nong dén so Nusselt trung binh cua dong
nuwoc nong va lanh cua ba truong hop

4.3. Hiéu suét trao doi nhiét

Hinh 7 thé hién sy anh hudng cua )
Reynolds ctia dong nudc nong dén hiéu suét
trao ddi nhiét cia ba trudng hop. C6 thé thiy
rang hiéu suét trao d6i nhiét ctia ba truong hop
tang 1én khi sé Reynolds ctua dong nudc néng
tang. Piéu nay 1a do boi khi sé Reynolds cua
dong nude nong ting din dén lugng nhiét trao
d6i trung binh gitra dong nudc nong va dong

nuoc lanh Q tang Ién, trong khi d6 luwong nhiét &
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trao d6i 16n nhat cuia thiét bi Q__ thi khong doi,
vi vay hiéu suét trao d6i nhiét cua thiét bi ting
1én (theo cong thirc (4)). Tir hinh 7, ¢6 thé thy
hiéu suét trao d6i nhiét cua truong hop 1 la
nho nhét trong ba truong hop. Cu thé, tai Re, =
14000, hi¢u suat trao doi nhi¢t cuia truong hop
2, 3 cao hon so véi truong hop 1 1an luot 1a
5,01%, 4,74%.

T b |
117% ooy bop &

—ir—Trovng bap 3

e 1 1000 140400
Ry

Hinh 7. Sw dnh huong ciia sé Reynolds ciia dong
nuwoc nong den hi¢u suat trao doi nhiét cua ba
truong hop

5. KET LUAN

Trong nghién ctu nay trinh bay danh
gia anh huong cua théng sé hinh hoc ctia canh
trao d6i nhiét dén hiéu qua trao d6i nhiét cua
thiét bi trao d6i nhiét dng 16ng 6ng. Qua nghién
ctru c6 mot s6 két luan nhu sau:

- Nhiét d§ nudc nong va nudc lanh & dau
ra cia ba truong hop ting 1én khi sé Reynolds
ciia dong nudc nong ting. Nhiét d6 16n nhat
ctia nuGe lanh & dau ra cho cac truong hop 1,
2, 3 lan luogt 14 294,52K, 294,6K, 294.59K tng
voi Re, = 14000 va nhiét 6 nho nhat cua nude
nong ¢ dau ra cho céac truong hop 1, 2, 3 lan
luot 330,95K, 330,88K, 330,84K tng vdi Re, =
5000.

- Khi s6 Reynolds cua dong nudc nong
tang thi s Nusselt trung binh cta dong nudc
néng cia ca ba trudng hop tang 1én, nhung sd
Nusselt trung binh ctia dong nudc lanh lai cé

khuynh huéng giam xudng. Trong d6, Nu, ,
N_uC ctia truong hop 1 ¢6 gié tri nho nhat trong
ba truong hop.

- Hiéu suét trao ddi nhiét cua ba truong
hop ting 1én khi s6 Reynolds ctia dong nudc
nong tang, va hi¢u suat trao do6i nhiét cua
truong hop 1 14 nho nhit trong ba trudng hop.
Cu thé, tai Re, = 14000, hi¢u suit trao do6i nhiét
cua truong hop 2, 3 cao hon so véi truong hop
1 1an luot 1a 5,01%, 4,74%.

Loi cdm on:

Nghién ctru nay dugc tai trg kinh phi
boi Truong Pai hoc Su pham K¥ thuat, Pai hoc
Pa Nang trong dé tai c6 ma s6 T2022-06-20.

Ngay nhan bai: 26/3/2024
Ngay phan bién: 23/4/2024

Tai liéu tham khdo:

[1]. L. Sun and C.-L. Zhang, "Evaluation
of elliptical finned-tube heat exchanger
performance using CFD and response
surface methodology", International Journal
of Thermal Sciences, vol. 75, pp. 45-53,
2014/01/01/ 2014.

[2]. K. Sharifi, M. Sabeti, M. Rafiei, A. H.
Mohammadi, and L. Shirazi, "Computational
fluid dynamics (CFD) technique to study the
effects of helical wire inserts on heat transfer
and pressure drop in a double pipe heat
exchanger", Applied Thermal Engineering,
vol. 128, pp. 898-910, 2018/01/05/ 2018.

[3]. H. Arjmandi, P. Amiri, and M. Saffari Pour,
"Geometric optimization of a double pipe heat
exchanger with combined vortex generator

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 316, thang 6 nim 2024
cokhivietnam.vn / tapchicokhi.com.vn



NGHIEN CU’U - TRAO BOI

[4].

[5].

[6].

and twisted tape: A CFD and response surface
methodology (RSM) study", Thermal Science
and Engineering Progress, vol. 18, p. 100514,
2020/08/01/ 2020.

B. K. Dandoutiyaand A. Kumar, " W-cut twisted
tape's effect on the thermal performance of
a double pipe heat exchanger: A numerical
study", Case Studies in Thermal Engineering,
vol. 34, p. 102031, 2022/06/01/ 2022.

D. Huu-Quan, A. Mohammad Rostami,
M. Shokri Rad, M. Izadi, A. Hajjar, and
Q. Xiong, "3D numerical investigation of
turbulent forced convection in a double-pipe
heat exchanger with flat inner pipe", Applied
Thermal Engineering, vol. 182, p. 116106,
2021/01/05/ 2021.

N. Timerbaev, A. Ali, O. Almohamed, and A.
Koryakin, "Simulation of the effectiveness of
longitudinal rectangular fins on the efficiency
of the double pipe heat exchanger", Power
engineering: research, equipment, technology,
vol. 21, pp. 48-57, 12/09 2019.

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 316, thang 6 nim 2024
cokhivietnam.vn / tapchicokhi.com.vn

[7]. M. A. Ali and S. N. Shehab, "Numerical
analysis of heat convection through a double-
pipe heat exchanger: Dimpled influence",
Journal of Engineering Research, vol. 11, no.
1, p. 100016, 2023/03/01/ 2023.

[8]. J. Taborek, "Double-Pipe and Multitube Heat
Exchangers with Plain and Longitudinal
Finned Tubes", Heat Transfer Engineering,
1997.

[9]. A. Fouda, S. A. Nada, H. Elattar, H. Refaey,
and A. Mahfouz, "Thermal Performance
Modeling of Turbulent Flow in Multi Tube
in Tube Helically Coiled Heat Exchangers",
International Journal of Mechanical Sciences,
vol. 135, 12/01 2017.

[10].H. Sadighi Dizaji, S. Jafarmadar, and F.
Mobadersani, "Experimental studies on heat
transfer and pressure drop characteristics
for new arrangements of corrugated tubes in
a double pipe heat exchanger", International
Journal of Thermal Sciences, vol. 96, pp. 211-
220,2015/10/01/2015.



