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ABSTRACT: In this paper, the hydrodynamic behavior and heat transfer of a nanofluid turbulent flow
in an exchanger equipped with perforated conical rings are simulated numerically. Water-based fluid and
Al203 nanoparticles with a weight percentage of zero to 5% are considered as nanoparticles that increase
heat transfer. The governing equations are solved using the computational fluid dynamics method with
the help of ANSYS-Fluent software in the range of Reynolds 12000-2000. After validation of the
numerical solution method with the available experimental results, the effect of geometric parameters
and flow characteristics such as Reynolds number, number of rings used, number of holes used and
volume fraction of nanoparticles on the heat transfer characteristics of the heat exchanger have been
studied. The results show that the use of perforated conical rings has a significant effect on improving
heat transfer in heat exchangers and this method can be used in practical applications. The results show
that with increasing the number of conical rings, decreasing the number of holes, and increasing the
weight fraction of nanoparticles, the Nusselt number and the coefficient of friction increase. Based on
the results, it can be seen that the proposed loop can increase the Nusselt number by 5.3 times compared
to the tube without the loop. In addition, Al,O, nanoparticles have a favorable effect on increasing heat
transfer and with increasing the volume fraction of Al,O, nanoparticles from zero to 5%, Nusselt number

Keywords:

Perforated conical rings
Al O, nanoparticles
Numerical analysis
Sensitivity analysis

Heat exchanger.

per m =1 and n = 3 about 92% increase in Nusselt number has been observed.

1- Introduction

One of the most widely used turbulators used in thermal
applications is conical rings, which are among the most
widely used tools in improving heat transfer due to their easy
installation, low cost, and high efficiency. This type of ring
was first used by Yakut et al. [1]. Dormus [2] investigated heat
transfer and exergy losses in cut conical rings using laboratory
tests. Promonagh and Emesa [3] studied the heat transfer
behavior in tubes with conical rings and spiral turbulence.
Using experimental tests and numerical simulations, Liu et al.
[4] studied the characteristics of free heat transfer in circular
tubes with conical rings. Another passive method of improving
heat transfer in heat exchangers is the use of different types of
nanoparticles, which has been considered by many researchers
in recent years. Javaherdeh et al. [5] numerically studied the
thermal and hydrodynamic behavior of the turbulent flow of
non-Newtonian nanofluids in the reverse flow arrangement in
a helical two-tube heat exchanger.

A review of studies shows that the heat transfer performance
of conical rings is very good, but research in this area has not
been completed and more studies are needed to achieve the
optimal structure. Accordingly, the main purpose of the present
study is to study the effect of the hole on conical rings and the
effect of its geometric characteristics on thermal performance.

*Corresponding author’s email: sm.pesteei@urmia.ac.ir

2- Numerical Modeling

The geometric model of a tubular heat exchanger equipped
with perforated conical rings is shown in Fig. 1. Fig. 1 also
shows the geometric of the perforated conical ring. The length
is 1250 mm and the inner and outer diameters are 48 mm and
51 mm, respectively. The length of the conical rings is equal
to 50 mm and their thickness is equal to 1.5 mm and is fixed.
Numerical results are extracted for different values of the
number of conical rings and different numbers of holes n equal
to zero, 3, 6, and 9. Also, water fluid has been used as the base
fluid and A1203 nanoparticles.

To numerically solve the nanofluid flow equations, the
single-phase turbulent flow model k-¢ has been used with the
help of ANSYS-Fluent software. In order to ensure temperature
expansion, the initial length before the rings are placed is
selected. At the inlet of the pipe, the condition of uniform
temperature and velocity profile according to the temperature
of 2980K 1is considered. The wall of the pipe is exposed to
constant heat flux, and at the outlet of the pipe, Newman-type
boundary conditions are selected.

3- Response Level Method
In this study, in order to sensitivity analyze and investigate
the effect of four input parameters including the number of
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Fig. 1. Pipe heat exchangers equipped with perforated conical rings

holes created, n, the number of conical rings, m, Reynolds
number, Re, as well as the volume fraction of AI203, ¢ on
the responses including the Nusselt number and coefficient
of friction in heat exchange of pipe tubes equipped with
perforated conical rings response surface methodology
is used. The central composite design method for the four
input variables consists of 21 experiments. After completing
the numerical analysis, Nu and f are used to determine the
polynomial coefficients of the model and sensitivity analysis.
Design-Expert software is used for statistical analysis.

4- Results and Discussion

In this section, the effect of different parameters of
perforated conical rings on heat fields and flow is studied.
Fig. 2 shows the average Nusselt number and the coefficient
of friction in terms of Reynolds number for different values
of conical rings and holes, respectively. According to the
results, it is observed that with increasing Reynolds from 2000
to 12000, the Nusselt number increases significantly in all
cases. This is mainly due to the fact that in high Reynolds, the
presence of conical rings causes more turbulence in the fluid
flow and as a result, the turbulence of the thermal boundary
layer increases heat transfer in this type of heat exchange.
Also, it is observed that with increasing Reynolds, the
coefficient of friction changes less, because with increasing
Reynolds number, the turbulence of the flow increases, and
the effect of excitation on the coefficient of friction decreases.
Another factor in reducing the coefficient of friction with
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increasing Reynolds number is that with increasing Reynolds
number, the flow rate increases, and as a result, the average
velocity of the current increases.

Fig. 3 shows the flow lines in the case of m=6 and Re=5000
and in different cases the number of holes of the conical ring.
According to these results, it is observed that increasing the
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Fig. 2. Mean Nusselt number in terms of Reynolds
number for different values of conical rings
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Fig. 3. Flow velocity lines in the middle of the provided conical rings with 3 and 6 holes

number of holes reduces the difficulties against the fluid flow
and as a result, the Nusselt number and the coefficient of
friction of the tubular heat exchanger with conical rings are
reduced.

5- Conclusion

In the present study, using numerical simulation, the
thermal performance, and sensitivity analysis in the exchange
of tubular heat with conical rings were investigated. Based
on the results of numerical analysis and sensitivity analysis,
a summary of the important results of the present study is as
follows:

- As the number of rings increases from 1 to 8, the
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average Nusselt number in the Reynolds 2000 and 12000
increases by about 182% and 140%, respectively.

- The minimum increase of the average Nusselt
number is obtained by using this type of turbulence per m =1,
which is about 239% more than the pipe without turbulence.

- With increasing the volume fraction of AI203
nanoparticles from 0 to 5%, the Nusselt number per m=1 and
n=3 about 92% increase in the average Nusselt number has
been observed.

- The Nusselt number of the heat exchanger increases
by increasing the Reynolds number from 2000 to 5000 for
aqueous and nanofluid fluids with a mass fraction of 0.5% by
about 11% and 42%, respectively.



M. Mohammadi and S. M. Pesteei, Amirkabir J. Mech. Eng., 54(1) (2022) 35-38, DOI: 10.22060/mej.2021.19808.7120

References

[1T1K. Yakut, B. Sahin, S. Canbazoglu, Performance and
flow-induced vibration characteristics for conical-ring
turbulators, Applied Energy, 79(1) (2004) 65-76.

[2] Durmus, Heat transfer and exergy loss in cut out conical
turbulators, Energy Conversion and Management, 45(5)
(2004) 785-796.

[3] P. Promvonge, S. Eiamsa-ard, Heat transfer enhancement
in a tube with combined conical-nozzle inserts and swirl
generator, Energy Conversion and Management, 47(18)
(2006) 2867-2882.

[4] P. Liu, N. Zheng, F. Shan, Z. Liu, W. Liu, An experimental
and numerical study on the laminar heat transfer and
flow characteristics of a circular tube fitted with multiple
conical strips inserts, International Journal of Heat and
Mass Transfer, 117 (2018) 691-709.

[5] K. Javaherdeh, S.S. Mozafarie, z. Zare Talab, Numerical
simulation of heat transfer of turbulent flow for
non-Newtonian nano fluid in a coiled double pipe
heat exchanger, Amirkabir Journal of Mechanical
Engineering, 51 (2019) 34-56.

HOW TO CITE THIS ARTICLE

bir J. Mech Eng., 54(1) (2022) 35-38.

DOI: 10.22060/me;j.2021.19808.7120

M. Mohammadi, S. M. Pesteei, Numerical Study and Sensitivity Analysis in Tubular Heat Ex-
changers with Perforated Conical Rings Carrying Water-Aluminum Oxide Nanofluid, Amirka-

38



75 ool SlSo (owigee g pui

TV BOVAR Glrao AF) Jlo o) ojladd DY 093 S yuol Sl wdins 4 puiis
DOI: 10.22060/mej.2021.19808.7120

gy gbrails ol)ls gldg) o, b S Wdle 45 Comrlua Julswi g g3us anllla
ootimosl] dpmST — ol Jlansgih Jolon I 900

" iy (g0 A (g dete pmno

Oyl cdsogl cdnogl ol (Sl pwdine 04l

18,5913 ey ,U

A RRIRRVAR PRI TFE
DERIR (AR
AERIRA AV RIS

A RRIRINALER H PG

bgyie sladils 4 oo S Able S5 > Jlwsib @il 5l > ol sl g Seelindg s s, cllio opl )3 tduo M
Alpe 2o 0 jho 559 0oy b posiwesl] ST @l)36ib g Ol il Sl ol 00 (gjlurduns (6338 Cyguods HI3E] g
SoS d Sluwlee Y las Sasliod g, il ookl b oS ¥ oleo .l o 48,5 a5 5 Lo )5 sl sdims yiolj8l il 340l
b ose o ey (Lriwcomns s sl odd Jo Vor o=V e 50a ) dae 0390500 53 g Cuidgld — ] 3300 33
3590 slg g dlss wodlitl 3y90 (cladils slasi jagny sue wile b ya Slasuie 5 wiin (sl yiol )b 1l Sgzge )20
31 ool s o (i gl ol 0ad dalllas Slo)S S Aol (slo)S Il lasuin p Gldgl woe S 5 el
2 S5 Ghgy cal g 2 lesS sl Ablia 3 Lo)S Jliml sge 2 (slalasMo L5 136 ol (ogyie (sladils
S § ol Sl youm dlass ialS ¢ Log e (slaails slas il38l b amd o Uis gl .05 515 odlitl )90  Jos (glad IS

1605 Clols
Noghyge (g e (slaail
possagll AT 355l

ELEc JJ?U
. s )_JM dj‘)‘ u.los).’x.a dils oS .)y.\:ux odalin CJLJ U»L.ol » .\)L’LSO u.ul)ﬁl Sl Wro 9 b sae ‘ul))yb @)9 ).mf u.\m
&u); P 41;1,,; 355 55 posivagl a1 Sl ol 1 0gMe a3 yial38l dils 90 dlg) &y G iy OF ], Laussie el sas Wl oo 005

sl el sse wioyd O b duoyd o | posineg] QST Sl oz S I3 L g aily Lo S Jlsl iolsal o osllas
ol 03 oamliie ol dde )3 il38l Lo )3 AY 39 ) 1 g9y 3 Flygw A Syl og e dils K

loyS )8 53 okl 3)90 3,) 1 (sloygi¥ g5 elgil 5 (S

5 Ol Auip (oly el clls s 4 o5 die by S slaadls
9 W] aien LoyS JUasl Sgue atej )3 3,) 0 slajlil 932 YU (2
o3lazwl [VF] o)) Ken 5 oSl bawes )b cplgl (gl aadls g5 ol [VO
098 sll 2 5 98l g (05 a8 ol Sl ool L ol
5 ©5SL sy oad Kl dwsin 3 Sles cw)p & Seeludge S pod
g sladils gl sladly) > Lo Jlis] adllae 4 W] gyualis
5 Ol cpl  Jhes 1 sl S ool cpioen a3y
Loys JUl [VV] ogey90 DAY« | cosl 0ud ai8)S )8 ()2 3550
Soslatwl b1y oads ooy oy Jbgyre slaails o (65,55] wlal 4
al Jho lsis 4 ln gl adlllas 1> 5505 )y (2L slacis
BV e 5gi) das odgdzme 40 dals pl o Slos g odd a3 )3 Jlai jo
ladlg) )3 oS Jm 3, (VY] Luasl g Sigmgy 15 dalllaa Sevre

adllas (225 Cygo 1y upsle sloSogil g ogyse (sladils ()l

dodlo —

b @lio jl care Yl ise Gy ol laps Aol
o dbolSi Wl 3y (sloolSyys des ) cilise glio 5 g Aiud
gt opé g OllE 0gd @lio (29)h 5 2l mlio (endy
OBl g anje g 2D )l do)S Jl guae gy 00 ) & 0305
S oo Wl plo)S lags dble (b > (Sl (i (S ol o5l
Lo)S Jsl Gl glp 1) oaxie slabgy e jolate (ned 4
pas 5 12l (Solo s @ Jlb e (sl g oo ol 53 ing0 oy
Blizte (L SiSS (g egllae oSl 5l (J S 4 iy s @ L
Uyt lagdg) Sl (S el Jloybp (Slo)S 5 Sl ) 5 390
9 e )3F]yew Falaw I eslatwl (call 15l Wl e bo)S Jasl saup0
Slg 5 0anl sy Jed by 55 5l ekl (@ {N-0] o)L
LA b Jlwgl jloslazal (z o [F-A] S93> (om

sm.pesteei@urmia.ac.ir :olslse soage odiwg ™

(Creative Commons License) _edpe (Sl ule cov dlio cpl ol oad odly pu pal oSty @)l & 156 Gois 5 (Bsimng 4 cuilpe Goi>
BY NC

Asleyd s https:/www.creativecommons.org/licenses/by-nc/4.0/legalcode sl jl (uilud ol Slija (sl ool 48,5 )5 las yoy2ud )

A



smd e it ol alllas gl sl pote bl gl Sy 55 sl
o i d3e g ndge glrals gl JBl oy i oS
ol opgmen sl aly (et Jhw Gl (Seepd Jlesl
T b e il 5ig, dae g @l ydgl clale gl b cg o
Dilo 3 oS JUi) sugr 1 Jwsil 51 oolizl 5B [¥5] o)San
9 B S ep e Oy & ) JSE sphn sy lags
b8 Jnl adllas 4 (g5 43 5 <S5 sla o 51 odlizsl L [¥V] o) San
9 8 gole 55V 555 S g el T Sl g5l (sladlg) 5
NS5 3,Slae adlllas 4 o5 (slacas plool b [YA] o Kan
o) S VY B VPA s dae edgime 0 Jluwgil by bawes
Jl LS o 4 sl o0l s Ll adlllas gl aizsls,y 2
OSan g g9y bl oo Cuwd 4 V140 3905 )3 Jhuwgil bwg bo)S
bl Lo Jlisl oy Gl IS0 Lol (sla gl [¥4]
Jlogl clale 5 o5 aler j el aly Jho 4 cuns )8 Jbusil
Ay 9 sl pbys cdls a8 VEYe e B VY ee Salgh ) dgae 4 |,
oo & (o] OhlSen g sbgyud dges (cw)p 1) 390 Dgune
o b oo 2 (25 adgsls Jou 38 w1 oISl
Sl A9 3 Ioold oglalsl b aoys NN ez ST L Gl &L
L oS cul ooy L guls by Las lidle b gin dw Sleg
Al e Gials o pd Woagds )l cuoglis ¢ Jluogil ol 1 odlii]
sl ple! pbals (b oS Just [NV ] hlSes 5 olades
S 5 D slao s 55y 2 S5 lge b gl JUS S, 53
J3e 3l ealinl b Jluwgilb LT andllas )3 .055,8 axlllas (e3de &jg & |,
= oSy oyl e dlwgay Jodoxio anl 3 lya g (559> balxe
bl )] o @ Jlow by omizman a0k (gilodand yortr b
[YV] oo 5 0,mlg> cunl 003 (15,8 nhleSTy g (sygoee o)lite
ohl > (Bt S aidl php (Seoludg)im 5 2le) ),
316 pgo & |y gmsle Moy leS Jie S 3 il e
135 aslllae
U)|)> Jl.d.u‘ .))S.LQ.C &S ABD o uL-uJ o Pbu‘ Olallao )
tignj (> s (e Jg o351 opllan ey g s (slasils
Koo il di Hld b 4 obcwd Caa g Cul ol ploul oS @ ja0 4

Sl e )

14+

oo saails plai oolinul a5 and o bt bl adlas gl 65,8
by sladals hib dod & Caws 2o ALY 200 o 1y Sb)S
275 s pbul L [YV] $gegp 1503 3805 )5 Addu e don
slaS dls bo)S sl sladasuio p ) g ye (sladils s 5
Ol opl 5l eslatol &S saly LS o) dlllae guls 5,8 wyp sldg)
Oili8l Jaere dg ) Caus 1o yd YYY dgds 50 Wilgs o 1) ol Do
G5 52 g e e (Slaails 3, Slos [YF] ogass0 5 LISTS s
skl b [YO] o)) San 5 o (035)8" adlllas 1) S sl (slo )5 Jlas]
JI)'T Oyl Jas! sledasuin (e (silwdnd 5 (058 scws
B Jolsl p 008 adllas 1) (Jogysee sladils b sloply sladlg) )
VISY=YI0F g0 dgupy el Ll o 45 595 0 otnlie Ll aslae
Gy paie Jlade gljl 4 a8 ol L [YF] o) o Lb g 0
23S o ) dige el )3 aails g5 ol 3,Shas ¢ by e oly al;
o3latwl b [YV] e g Sigu coids plodl cliuiod oy uis 51 (S5 50
aolo jo 1y bgye sladdls 5l oolatol 5 Slas (gamdw (g5lwdd
gy il e (gilwandd jo Ltz:o] LS dalllae gldlg) 95 Slo)S sl S
Sy o il o5 oyl 5 oolatul a5 Wals lis g L3905 edlizul K-€
Sty Joome dlg) & Cund duopd F/FA dgas 3 |y L)S Jlanl cu s
Iy gy sladils iz glaloss [VA] o)) 5 punl pl iy
iz Olaseie il g sl J15 adllas 590 Sl sla S Aol y
53,8 adlllas Slipos cpl (olo)S 3, Sles p 1,
sl blis 3 1S Js sgy it cslagty J S (S
590yl g Jlw yd 48" w0 I )deil calises glgil 5l ookl ole)S
OhSen 5 0dymles [YAYY] Conl a8 )S )8 lasse 5 (g)buw as g
Fgit Jow U adl b (Seelodgim 5 oloS )3 [YY]
&y gsle sy alof o Aole Sy > il ooy il 5
2 Pohos Jite (S 92,5 109 Jglomo 3l o] 2008 adlllas (s306 &30
533,85 odlil Jole Jlw lgicas posinogll ST 0,3 956 b o yor
Loy g 550y dae oyle sloul wile waee (sl el )l 5l Lol adlllae
43,8 )5 gy 2)90 o) JUi] (g9, porinegl] ST Oy b oz
OVl Seolud (hgy 5l edlatel b [YA] o) Ken 5 Juol sty sl
@ il Gl g pation Sl o> sl SYolee (o338 Jo 5 Slslxe

ey hgire b obal cbS sl s gjledws



VAe BAR doio VF) Jlo o) oyl F 095 ¢y ol Sln i 4y

¢y J3dssl; oy o Slaals & 42xe g (sl S0 oo ) S

Fig. 1. Tube heat exchangers equipped with perforated angular conical rings

Fig. 2. Geometric characteristics of perforated angular conical rings presented in this study
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Table 1. Investigation of mesh independence of numerical results
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Table 2. Range of independent parameters
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Fig. 3. Validation of results using a tube heat exchanger with a conical ring
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Fig. 4. Mean Nusselt number in terms of Reynolds number
(a) for different values of conical rings and (b) for different number of holes in conical rings
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Fig. 6. Predicted value of pipe pressure drop in the presence of conical ring and Al,O, nanofluid
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Fig. 7. Thermal performance coefficient in terms of Reynolds number
(a) for different values of conical rings and (b) for different number of holes in conical rings
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Fig. 8. Flow lines in the case of m=6 and Re = 5000 and in different cases the number of holes of conical rings
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Fig. 9. Flow velocity lines in the middle of the presented conical rings with 3 and 6 holes
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Fig. 10. The effect of volume fraction of A1203 nanoparticles on the average Nusselt number of heat exchang-
ers with perforated conical ring
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Fig. 11. Effect of volume fraction of A1203 nanoparticles on the average friction coefficient of a heat
exchanger with a perforated conical ring
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volume fraction of Al,O, nanoparticles
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Table 3. Experimental design matrix with output values for each of the 21 simulations
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Table 4. Analysis of variance of Nusselt number and average coefficient of friction in terms of
effective terms in heat transfer performance of heat exchanger
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