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Numerical Investigation of Thermal Characteristics and Geometrical
Optimization in circular tubes with micro fins

Dong-Hyouck Han, Kyu-Jung Lee
YResearch Institute of Engineering & Technology, Korea University, Seoul 136-701, Korea
Department of Mechanical Engineering, Korea University, Seoul 136-701, Korea

ABSTRACT: A numerical investigation of single phase heat and flow characteristics in
circular tubes with a single set of spiral micro fins was performed with varying geometrical
parameters like fin height, spiral angle, and number of fins. The properties of 40°C water
was used as a working fluid to simulate a condenser and the RNG k-¢ turbulence model
was adopted. Calculation results were obtained in fully developed turbulent flow with
constant surface heat flux boundary condition. Relative terms were introduced to investigate
the substitution effect of conventional smooth tubes. The dimensicnless terms were the heat
transfer enhancement factor, the pressure drop penalty factor, and the efficiency index.
Additionally, a numerical optimization was carried out to maximize thermal performance with

the concept of the robust design. A statistical analysis showed that fin height interacts with
number of fins and spiral angle.

Key words: Spiral micro-fins(t}43 wlAl #), Geometrical factor(B4 €14, Numerical
optimization($%] #A38}), @A §%(Single phase), 747 A Al(Robust design)
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Fig. 1 Numerical structure

arglon A FEHEL el o 85HA &
‘ﬂ*‘“"ﬂ deie A2 ¢ A5ue Jr%ﬁ&
i gasiglch meis B dgoMe viA &
fﬂﬁ%}?l g dxd 8 4, e 8 ozl
7t €48 9 % 540 uAE 9 2
W wjaste] LR, Al A Y €
of 84 #% &601]*1 HH P4

2. RS Hx W gy
A 947 7 SA oA

aolel @M, A o EH B @
o) Wit olFoizeh. AW Ao

rfr

ar o
_E e ok
tlo

i }
B

Kl
e
Moo kAo

8 Han and Lee'™V¢] 2@ gko] ol &5}, ]
d @ @A g Hd ¥4 3.23 mm, @ ¥
ob #hd) Ao AAL b 0023, %-‘54 Ik

0.314 radian, 2 A 37 0.925 radian, 45 %
& B + 607t

O lole 2 s offd AFA A
Eyol et & #M 2 48 CFD ZR
13l STAR-CD7F AbgESlon, wd Hite
Hz 47 AAe dqAgd AR QTS D5
of y"=1¢ o #A Az Hde] fxd
Az AAZRE Wl FHFE &3 A av
A L1 F7F A7NEA 438 T4 e
%” ol zboff ube} E 23 Reynolds «’r—cwﬁ

19 3o YA= ot oy} Jomz &
%”??(z_ Aage] "JA HArE Aozt v
F mm o4 B/ fFolM g {0l
o AL %—%M! «W 3 FAE 5 e

aﬁmmw;mvﬂw

m

PERTINAINIS

{Cyelic boundary condition)&

- 1114 -



02892 2688
o 3.2407 . 2478
Togeze A e 2287
0.2037 et 2087
AR i 1,908
01668 1718
0.1481 - p— 1525
0.1298 1.334
IRRER 1144
T 3,9258E-01 T 5.9830
0.7407E-01 0.7624
Yoo 5ES5E- J— T 08718
0.3703E-01 i 03812
0.1852E-01 iy 0:1908
0.0000 £ D s £ 1411

(a) Ure (b) Uz

(¢) Temperature

(d) Relative Pressure

Fig.2 Typical velocity, temperature, and pressure drop contour

A 94g AEy 45 23S 853 YeMs
el dolzt AUAA AojA A adte Al
o} AZdA aFHER Tt FF F)
A A ZZA(Periodic boundary condition)& % &
o Y A e Lx &5 S A
oo Ao ext 1x107' g & A9 9
=% 33t STAR-CDE #3% 214 ¥ (Finite
Volume Method)& At&3tH £ AibdAE
SIMPLE ¢32]Fo] A=A 32td 4% &
EAANN WE &5 71ty 98 94 wA
A &% Al FA Ael(steady state), H]
4EM FE(incompressible flow), FE FA
(Newtonian fluid) 7t & =¢sgon Ha =
Z(non-slip condition)o] o] &) S
718 BAtslr] st dwels 944 dfZol
At BT FF ATl &3 AyHI] o
A 99Reynolds 4 10000 w|Fh)o]| A=
yt =19 3o AL giREe] FHoA e
A71E A3ldte] 2o J3kg HHotd = glom
2 E dAF9AME Reynolds = 100000 d&
Aol 42 AL 3o

4d R 9

Az 2RSS HUlEr] sk wA w2
F4T g AXE AxA o FrhAA
Ao by deE, Bl £E {4 5o 84
#ol HlmERow HEHor 19 13 72
Bi7b AdE Ak Aak ol whE g ek
A 2= 1.5% o)stgda L5 A= ¢lglch

GF 2P ojde APVl 5@ o=
4%5& B RNG k-0 ol gs|lor] Az

o wwals W ddE AsE 9% 4F At
Fe 15% olulolA AR5t

a3 20 40°CY Eo] #UE =2 @ o
oA dA dfr&ol A o] AP QA N
7R A 0 F A U EFE BE 2E
2 kg ulyh yERoloh wE 2 A5 3
5 3 FHdA Adiydez & uE A
o ol wAl & #o fF S dFE vA
A 2L gotst £ o, RE BXE 3 7F F
2 AHE AAR UAAEYN BEE Hola 3o
W olE ¢ W &8 AA AR Q% A
ot}

A Az AFS Fetstr] Hske Hd FH
7 6.46 mmSl FWolA Reynolds & % & #Z
(apex angle)® Z}z} 20,000 % 53°Z AL
3 Zol(Ad %= 1.573.1%), WHAZ(0.087~
0.524 radian), & F(60~707)E AAZ L= ®&
FA7I8 4 AsE 2 ddD AsE 74
Mg B B5soh 718 g4 Az 0.314
radian, At 2% 2.3%, 8 4= 6070t} HE
#o A 2348 stesty] fstd gdg g
A4 (Eh, heat transfer enhancement factor), &
g 7rst &2 A4 (PF pressure drop penalty
factor), & X F(n, efficiency index)7} o3I}

- 1115 -



28

@ EF: Spralangle —A— SfF, No. of fins ~l~ EF Roughnes:
-~ PF: Spiral angle & PF No. of fins - (3 PF: Roughni
24 O~ i Spiral angle  ~f&— 7 No, of fins ~¥¥~ 2 Roughness

v

k21

ER/PF/7

124

038

[: 2

ag [*A 05 08

02 63 os
Spiral angle [radian}
45 50 85 80 65 o 70 7)5
_ Number of fins
gui4 G016 0Ot 0020 0Oz G024 QOB 0.0‘28 0,630 3832
Relative roughness

Fig. 3 Geometrical effect on parameters
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Table 2 ANOVA

factor S ) \Y% Fy FO.1)
a 0.014786 1 0.014786 809.1 39.9
b 0.028977 1 0.028978 1586 39.9
ab 4.119E-5 1 4.119E-5 2.3 399
¢ 0.000389 1 0.000389 21.3 39.9
ac 0.008896 1 0.008896 486.8 39.9
bc 0.005218 1 0.005218 285.6 39.9
e 1827E-5 1 1.R827E-5
T 0.058326 7
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Table 3 ANOVA after pooling

factor S b vV Fy F(0.1) F(0.05)
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