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ABSTRACT

In this paper, A numerical analysis was performed to investigate effects of the Curved Vortex Generator(CVG) on heat
transfer and flow characteristics of the finned-tube heat exchanger. The Delta Winglet Downstream(DWD) CVGs and Delta
Winglet Upstream(DWU) CVGs were applied which placed on upstream and downstream of the tube, respectively. The DWD
CVGs were fixed at =30 ", upstream of the tube, while only the position of the DWU CVGs were adjusted to figure out
the effects. As the result, the closer DWU CVGs are to the tube, the smaller flow separation region of the tube. In addition,
the DWU CVGs occur heat transfer enhancement on overall channel. This trend is commonly appeared at both «=105° and
a=120°. DWU CVGs at a=105° and =120 with DWD CVGs, the lower /R results in the higher thermal performance
factor. And the factors are increased by 39 % and 36 % compared to the plain finned-tube, respectively. Also, This
increasement is higher than when applying a single pair of DWD CVGs or DWU CVGs. This results come from heat transfer
enhancement by the mixed vortices of the DWD CVGs and the longitudinal vortices of the DWU CVGs, and reduction of
separation region of tube by DWU CVGs.
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(a) Schematic view of fin-tube heat exchanger
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(c) Position angle and radial distance from tube to DWD/DWU CVG

Fig. 1 Schematic diagram of fin—tube domain

Table 1 Parameter of fin—tube heat exchanger

Channel Length L 216 mm
Channel Height H 7 mm

Tube Diameter D 32 mm
Transverse Pitch Pr 64 mm
Longitudinal Pitch P, 72 mm
CVG Thickness Oy 0.84 mm
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Fig. 2 Boundary conditions of simulation domain
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Fig 3. Friction factor for grid independent test
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Table 2 Grid characteristics and Grid independent test

Grid 1 Grid 2 Grid 3 Grid 4

Number of | 3 m 126 M 252M 5.04M

Grid

Fig 4. Computational grid of fin—tube channel

(SST) Wit wmelle]l HAgt y+& ks 21 ERIsith
Fig. 39| Az} s=of wp2 opk Al=E v|wal] & A} Grid
32 71 293t Grid 4 9] 0.5 % ©]3}2] xjo]S ®elrt
ol Grid 3] A% 5
2 AR A 71HE BE HAE sl 283l Fig.,
L FFAoz Hed Grid 32 222 Uehd Zolch

= 7|&o 2 AASIL, o|et B

o

25 &M 71 HS

2 AFollME A8 Z=IF ANSYS CFX 1813 °f&
sto] At siAle astl o, W HES oobe Sl
IRt BASE] f-s Aol Be] Aol gt ofSo] Kot
3ttt 4 k— w Shear Stress Transport (SST)
2 25kt Y7 sk &x—otd Adto)A] DecouplingS
H]517] 93] Rhie—Chow Interpolation 7|¥-& %83}
oL A%} 2eof ofat Ggke HAagoE £] 918 A%

N

5 QA A Axkg olgsi A4 A9 8

S5} Folmgol ©h W FAE 4ok v A%
Fiebig!? 59 A3} vlmsle] Fig. 5o Lehjeich M
LAY AT ] oF 7-12 %] OXE Mold, i of
0.9-11 %0] @35 Lpehiith ol dolizzs: wislel
2 Mot o) Aol AU FAR AL & 5 9w, AHE
shax she A4 4 7)ol ARere ojnla

3_ 711'. [=1] ﬂil-
31 MY Msat o a4

Fig. 62 DWU CVG7} Z}Z} o=105°, 120° o x|t
o, r/RA| W2 AE s W3l et Lol sk} 0



Nusselt number, Nu

Friction factor, f

| Experiment™®
—=/— Present CFD

0.2

0.1

ST T T

500 1000 1500 2000

Reynolds number, Re

(@

2500

3000

™ Experiment'®
—/—— Present CFD

PRI TN NVEN SN N '

L

1.
500 1000 1500 2000
Reynolds number, Re

(b)

2

500

3000

Fig. 5 Validation for (a) Nusselt number and (b) friction

Nu/Nu,

32

factor with baseline fin—tube channel

2
- —{3— a=105"
| — 44— a=120°
18}
16} [ S —
141
12}
M FFRTE FETEE FRUEE FEEEE FRNTS FRRTE FREEE R
1.25 1.375 15 1,625
r/R
Fig. 6 Effects of « and r/R at Nu/Nu, trends

< ORF oFF A7 FREA] ok fl-FE Afde ou
3t} Fig, 6014 a=105" o] DWU CVG7} ¢x]8) 9= 7
%, r/R=1259} 1,375 o] 7} = Nu/NuyZ Holm,
r/R=1,6259 wollA 7FF Rk o=120" of|A r/R=1,25¢Y
HRE 159 WA ME s WS FETF AA D] ok
o, 1.625004 thA] ozl DWU CVG7} r/R=1.25%}
13750 Q& W, o=105" 9] 9= 1207 ¢l AR}t 7}
Z} Nu/Nug 7} @F 4.7 %, 2.9 % A Yepdth 18y r/r=
15 o, & 91x7e) A ds 3 B=7H A vl
A 0=105"4 o, r/R=1.62521 Z-olA &l =A &
obXIty, DWU CVGZ} r/R=125%¥€] 1,591 7974 105°
of #JAIgk= Aol o U2 ME e F A=E Helr}
r/R=1,6259] 79 DWU CVGE TH7} A== EH 5]
gl YAk Aol Nu/NuyE FIAE 4= ot
DWU CVG7} 22} o=105°, 120° o ¢Jx|& uf, ztz}
r/Roll W2 Y &4 #stol| tigt AuE Fig, 7ol YERY
At DWU CVG7}F a=105"¢¥ o, »/Ro| 1.25¢ wtg
159 wi7px] A A8 F7ksh, r/rR=1.59] ZL-olA 714
=2 49 & ARE Helth 2al +/RO) 1,625¢Y W=
I11,7F Al mlAlsHA "ojzlth, DWU CVGZ7F a=120° o
AR = A, AbH o7 r/Ro] ISR QY £A
L 7hEA S7¥ste Holw r/R=1,625%1 Z-SollA 71
2 SAS B3 /R0l 1.375Y w9t 1.5¢ wf, F 91A]
Z+o] f/f, = BISsEE Holrh, DWU CVG7F a=105" 9] $14]
oA r/R=1.259 W, f/f,+= a=120" Y wWEC} 6,18 % I
o} a=120°"° 95 ©i, +/R=1.6259] o= 105° Y
jEc} 9,13 % xfo]2 © At AsAE, DWU CVG7)
a=105"°f 91& wf, r/R=1625%1 A& Astiles FE
ZHE DWU CVG7F Holdas oY &42 difzes

F7kke A o 5 gk

[oZ

O

2
I —{ 33— a=105°
—a4— a=120"
181+ )
16
14
124
9 [ | 1 1 Ll 1 |

¥R

Fig. 7 Effects of o and r/R at f/f, trends

S=ERHMDIHEE =28 M27R, K4S, 2024



SHY et 3l o7 LMYl =7 HiX|of e

B of

=1 -

3.2 =
Fig. 89] B= 7904 FHe} DWD-CVG Ate] =7}
Asshe G9o] WA BAHED ol on'Y Fo] iy
= obel YR Mol & ehFRl, DWD CVGZE
a=30"°f 9l& w FH I} DWD CVG7} 55T o
7F A= FAe] Atk ohroltt o] fe2 FH
uiel E20] $H0] DWU-CVGE Yt Al2e 1.8 g9
HIAZIT) Fig. 89 (a)~(d)¥} o] DWU-CVGZ} a=
105° o Q= AF, FEEFES r/ro| F7VdSE DWU
CVGol| oJ3f) TAYsH= 112 RO vt ANk o2 Yop
At} E]F, DWU CVG7F a=105 " o $1213 uf, r/Rro] 7
A 299] [FHOF DWD CVG Aol a2 g2 At
Zol=th o=105" 4 W, r/R=1.25%1 7
of| 7}7to] $12|gF DWU CVGol 23l A
A 2 UEhUH, Baseline®t} Gxdo| &dbsh
ol G20 HubAel &% W3 oz HY
At (b)= L& FYol ()5 IA] gFe
A Ee vt o, lﬂib} r/R=
d = ()2 (D)ol vl FE shFollA
Aol A FH3H A7Iv, = Wi %
g &S o] FolXItt. Fig. 60014 a=105" Q1 Nu/Nu,ol

F

o

b

om, o3t HFFS E—E o ol
DWD CVG7} r/R=1,25¢ |} 1,375 ©j, DWU CVG 3}
FolA ol HA a2 go] AAHETE (59 F9+= (o)l
Hlsl 289] FHoA DWU CVGOl oJalf WA¥sh= e
olo] © AA Helth r/R=15% 1.6252 %$+= DWU
CVGe| &7 FollA =7} (e (ot Aoz v
A Yepdth DWU CVGZF a=120" o Q& o, (e)ollAl
DWU CVG7} FE SHF7H] 58 33417 FE 539
o] & o] RofA= Woltt. 12y r/R=1.375 o] %5

oA AEIE a=120°

B r/po] VUGS R SF % ddde] A e
dofol Ak AN AL & 4 oleh obA) AT viet 2

o, r/ro| met FRAOR wAIR B Apol= EAsht
2 o] ARkl 2= pE2 A Wl Y= Hol
th. ol& Fig. 6914 a=120" d W, DWU CVG2| r/R| w}
2 Nu/Nu,©] W3}t g fARsict, DWU CVG7L r/R=
1.2500 9= A%, 0=120" U W= (a)o} ARHHS H2 )
Fo 2 B fARR FE R - ool
o] & ofFofAA| Fohs FiEol © wWoh /=
1,375 w= (D)ol ()R} 183} 38 6] DWU CVGo]| 2
8l ol F del® v 999 kel FAldgel vt
o Fool FAdHh 13 F YA BE /R=1.5Y 1
o} 16259 wi= FH shRolA @xlge] 2EshA 2 9

A DWU CVG7} Hoj2 A A 3RAF A7) 7h45) ool AX= Holt}k, A&} a=105" Q1 Z$-of H|3|| 120°
ol ¥ I FAAE o] g S T 4= Qi 9] HRoflA HEtdoez FH FHE drdo] L go]
DWU CVGZ} a=120" o] $JX|& o, r/RO] AZAGZ B} RAElE AS ¢ & Utk ol o=1207 ¢ w9
B2} DWD CVG Abo] 12 ¥ 9] A7|= 37 WalshA] o DWU CVG7} @Hgo] £4] g2 5H 3lR7H4]| 452 &
Baseline
a =105° a =120°

SlLvee
SEv6e
S6v6e
Sl'vee
S6'v62
SlL'562
ge's6e
5562
G162

SL'g6e
Se'S62
5562
Gl'G62
S6'562
Ssl'oeg

Fig. 8 Near Wall adjacent temperature distributions for DWU CVG location with change in « and r/R

S=FADIASE =2&: 273, M4Z, 2024

33



oz FreAlA FE FE AL d5= FAPI7] de

ftjo

g o 5= ik r/Re| TAGIO] DWU CVGe| FE5] AJgdE
oltt, AelsiAbd AwkEl M A5 W= zto|7t 9l Tk oFRo] Wy Wk iAo vjujgk Holt, &
O a=105" Q1 79t 1207 Q1 A= /ROl AASE 3 r/rR=1.52 w2} 16252 wo] AL, &3} 9= DWU
DWU CVGe] ]t 112 FHo] FolEett, E3 r/Rro] AHA CVGo| FE3PAA o9 r/rol B3| FHaF o7 FH
T8 FH TR gxgoe] i J99] 277t WolA= 7} EEEW% Holok, whhA a=120" 4 W= r/R O] T
e o S Ut V5 DWU CVG 72] f-50] 4% ob7 3HE

Ao B2kl K] ot} (e)ollA &3t &9 dR =

3.3 3xIH /= E= DWU CVGo]| 9Jaf 7H sl7s FEgct, »/R=1.375% o,

(e)oll B8} o w2 &3t o177} DWU CVGol &) 7to|=

Fig. 9% a=105" 9] H-9} 0=120" 2] S0l x4 Hol FH 3F £ 52 o] Bk r/R=15Y T

2 19 EH9] DWD CVGS} DWU CVG Afo|ofjA] HFAal= 9} 1.625¢ W= -89 UHF= DWU CVG #¥S uat &7

L= XS v|ush| Yof 3AY Aoz el 130 B alF Z02 FEEAN (U ()] Hl3l & 75 HFS
t} DWU CVG7} o=105° 9] Q& ufj, Autdos nE A 2 32= AL WE 4= Q)

S04l DWD CVGeF FE Ato] AAH &35 ¢15F7F DWU aol BAJC] r/rRO] 1,25 we} 1,375 wfo] H-L

CVGe| HH& T oF7F A A wEd 4= ok Fig, 8of|A] dugto] mjg- 2hllgh o9& *Mﬁ}htﬂ o=

r/R=1259] A9 &3} 957} DWU-CVGE] =07} W DWU CVG9| oA AE S o dhizel Aes

AL A LpEA] v A 22 vl o] Eukek of= ) A E Holoh a8y +/R=1.375ET Z 1ff, oo m}a}.r,_o AR
o}, r/R=1.375% W}, DWU CVGo] 23 AAE Sk o  Aol7} FEA= Holth a=120" 4 W, (g2 (W)= a=

o] ol (a)oll wis| Atk 2|3 r/rR=1.59 T/R: 105 ° 2] Z-9-of| B|&| DWU CVGol| f-50] K}t Z7zos
16259 W] 9= (b) 9} AR ¥ F71E 7R F SESHAA S o o 24k FHE Ay |
T oFR7E AAAE ot r/R=1.625Y o] B¢, &3 9} oh 3 0=120" 91 499 (g)2F (oM FF o472
Fo] YRule] DWU CVG Adtel] Rolalu] Fakef offs 4R 752 DWU CVG| Hulg mef wlad 7H 3hf %
AT (@ollA EF oFFe] U¥= DWU CvGoll oef  o& s=g= Aol ulad Bes] E]lty Aoy a=
FEHo] FH 5 Zog 20}k I ()4 DWU 10572 (U (d)] Afell= DWU CVGOl| &J3) 7ho| =]
cvaell o3 e R0l () wiell vjsh + 5 WFe 9 ol FE ARl fUEV|EtE F 7e WEe
2 58tk J2a /0] FUFESE FE SRR fRHE 52 Eae dE,
e WA ofde. 59, ()Y e £ o 7 DWU CVGZ} FH 51 DWU CVG -5l WA= 9=
Hol DWU CVG Aol f25 Tl A9 F 5 YFo= o] ZA|3] A E7] 93] Fig 107 o] A Az o FHe}
7 DWU CVG ZHo] 3219 &% AZE 3Holsldtt, DWU
DWU CVG a=120° o 912 w] 3k 105° 9+ GABH]  CVG7E =105 o] 928} & m, r/R=1.252] 7J-2-ol|A]
Aoz mE p/rolA] FHE} DWD CVG Ate] BAE  FH 3hRe] -5 ¥ goe] A7k 7P A welvk
&3t o7 DWU CvGoll R55 Fabek offrh AE 21 (oA RE 509 {5 el AR AR7] AAsT (o)

(a) @ =105°7/R =1.25 ~

| ”/lr” (b) « = 105°7/R =1,375\ | @ a=105r/R=15 \ | (@ a=105"r/R =1'625~

V_)v

(e) @ =120°,r/R =1.25

\ F

z . =
y -

<a

Fig. 9 3D streamline between DWD CVG to DWU CVG with change in « and r/R

34 S=ERHMDIHEE =28 M27R, K4S, 2024



JI00|9/\

GUHLUESJ]S

Fig. 10 3D streamline around DWUCVG with change in « and r/R

oF (oA 7 & AE & 4 Atk o/rR=1.59F 1,6252]
ZAgollAe] FE F1& f-5 vrelY] 7] vlsegk Holoh,
r/R=125%14 DWU CVGE A|UYrh= viehdo] 717ke- &
B2 F f5 UYger 2 o}, I8 Ui DWU
CVGe| $H3& TRoA & f5 8] oS HAYAIcH
r/R=1.375% W, DWU OVG ¥4 £ 2] 99 (a)
of vl uAsHA Fole 2715 BEE 4= Qdrt oY A
&2 r/R=159} r/R=1625%9 W, ZF ¢ F=HAA 1}
Eft=d], DWU CVGel &8l -5 Hhe] 2717} Fol& 70|
BEsHA Eelc,

Fig. 1004 DWU CVG7} a=120 " of| Q= A%, 72 o}
F & 5 drEe 27]= (e)odlA 7P #aL, ()2 (9)°llA
MAB] goldch a3y r/R=1.625¢ wi= 120" of]A &
B 5HRe {5 B d9o] ol EHA Al ol
r/R=1.25¢ W], DWU CVGo] &3 452 SR7oA o
4 2 f5 9 998 At ()= (e)of s DWU
CVG T579] vte] o] mAatA] EoE o & Aol
Kol Qty r/R=15% r/R=1625% 7oA DWU
CVG T79] -5 dhe] 999 27)= o|A9 r/Rret FALSH
o, et {5 dE|7F BAShE (o (D)ol Bl &=7t
W2 T oo AAE] Y v 99E Qe &F
ol WEH r/R=1.25¢ WFE 159 §7}A] @=120"

(h)ollA= FE F ¥fe] g9 27171 tha st ont
a=105" < wjo wv]s} o17ds] 7|7} 2t} o]= DWU CVG
7F a=120" 2o AT W, fe= FE SHRVA Het

& Tpol=sto] Fro] 710lg 45 uhe] Gzt gral &4
2 72N 4 Urke 9ulolth, DWU VG $579 7%

S=FADIASE =2&: 273, M4Z, 2024

i

we] oy R ool ket 4 Ao] L Holth, 543,
0=120" 9] ()2} (A= DWU CVGe] FHelAl o)
o7k sl ehdeh e 105 9 W] 2 i/r
o @) Mol aiF Folel DWU cvael HEd 5
o 7t A9IA F o Bl Hake molt

3.4 & M5 HE| (Thermal performance factor)

DWD®} DWU CVG7} Zo] HEE -8 Aug]
AkAel o A% QlAkE W7ksl] Sl ke &4l gy
o A5 TP AEE Fig, 17} 2o] Lehjglon], vl
o] cvG7h A8 7Aoo uwaly] 918 on(4) 59| 2
= 37 Yehlot). Fig, 110] Urehd On(14) Sof Azl

Hoox & 1o

165
= —24
1.6 BN JFFactor |
1.556 ] Nuw/Nu, ]
15F o 7%2
145F  Ref™ a=105° @=120° 4,
E 1396 4 357 ]
5 " : 1.343 1'3ﬂ1 346 : £
S E 1 . E
2 1.35 F 1320 1.333 1.337 18 _:_g
e 13E 123 | =
<3 1.252 [ PR
S125F 1881 1887 1as, 15161531 716
1.2 E 'R 1587 " ]
“E B 43y
115 "] 1435 1456 1867 —11.4
A5F B 1387 B 1
11 | 1820 3
' F 1256 1128 1238 112
105 F o 1
1

DWD DWU fa) () (&) (@ (& @ (@ h)
All CVG cases

Fig. 11 Comparison Thermal performance factor between
Oh’s CVGs and present CVGs

35



2l

ol

o

DWD CVGe} DWU CVGoll thal] =33t -4l el dat 5
217t 4 s W 7P w2 AS-olw, DWD CVG7t
(a=30°, r/R=15)9] & w2} DWU CVG7} («=105"
r/R=1,25)°] & o] Aito|t}, (a)~(h)= 1LF%E DWD
CVGe| DWU CVGE ol g7 F2let Ayt & 4% 2
olt}, (a)~(d)= DWU CVG7} a=105" o $]Jx|3t #-90]
™, (e)~(h)= a=120" o YXT o] A¥E vyepdl Ao
B2/} AX = AR ULkt

JHY dep 2l o A7 7F FE Ftof g Ak 5
2 AR A2 S8 WAoR F o] 9l ¢
7P AErt 22 HYS ¢ ,
= (), «=120" 9] A= (997} 7%*%% %!
92 wolm, o] Tl #e] DWD CVG tjH] 22} 3.9
1.7 % =A vepdth oyl £ 7k overt 88 AS 5
T §XZF ®5% DWU CVGZE 7P W r/rRY djol] ghal] @
o] CVGE ©]&3t ARt @AY vlgh 4258 HQl
o} g &AM He AG A5 A3t Axele XWPEHE
ol o] Va7 BabE AL HT £4 27 22 Hol
t} a=105" 9] (A)E AlLsta ARFE OS2 r/Ro] F7Fe
5 &4 37 Hr® MA; wobdnh 2] 120%9] (e)ollA]
ok ¢l o] DWD CVGRELE W2 f/f & Holn ol 4

DWU CVGHT = tha ks 23 4 4 doh

g Ay HEE vud] 2 o=105°°2 #A$, DWU
CVG7} (a)2} (b)ollA] @ 42| DWD CVG7H X“LEI 35
X} 2}2F 8.9 %, 3.3 %, ¥A HUEhdtt o= DWU CVG7}
105 o YJAIE o, H|E Y A CcvGel ARt f/f, 7}
EOU Nu/Nuy EZE HIWA A U] diZoltt (b)
Ol 2= r/RO| AXGTE Nu/Nuy= T8, A5 7
H= Agoz Qe 9o Aol cvar) 24 AHeReh ¥

JF Factor ~x|& HQlt},
a=120" 9] AL DWU CVGY| r/Ro| W& Nu/NuOQJ H
T Fo| AR g2 oy &4 FTPL ZHEEA st
2 f/f, 70| JF Factors AAsH= 8 29lo] Hct 4
HHO =R (e)7} 7P w2 JF Factorg VERH, T 4
o] DWD CVGETH= 1.8 %, DWU CVGHT}= 35 % =&
AdE debdct, 223 18k o/roA s 9 A9
CVGel Ao} A9l fARIAY B4 & nAe U
sholgt 2= 9ic}

o

ofs

rIo

4.4 =

FA-F8 Qush] Ado] F /Ao Fuig det Y3 o
R WA g %Lﬂ_ @A AT Y £ )
u) A Al %

- o

- YRAe

Aol DWU CVGE SIXER skl 42 4519
o 52 S1Ael W A A oY £4S BkstA,
FAE Gulol nh ASE Selstin ¥ A e W &
= S04, 339 4% 45, 9 45 BEES 24sl] 57
42 g L oot 2

r>~l
e
oX
olr -
filo
o,
N
QL
e 2
= ik
&
i,
[

r/R=1.25, 1.3759 4 7
ol= JF

)

A& 8 Y 2% T4 DWU CVG Fof

Hugto] gt o] =A Yt

o r/R=1,25%1 7404l DWD CVGe]

53 23 9477 DWU VG $579] 4% -%54

112 JH-S FABI] Nu/Nuy 7} 7H
4) =120 u|, r/R=1259] ZHLo|A DWU CVG7}
FH FHE7HA 55 & feste] {FEO 71
dol w3 f/f,7F 7P Sk

5) /ROl TAGO] a=120" A w, 105" ] -] |3}
FH ohRo 45 he)vt Wete] EolEr,

6) T+ YX|Ztoll A r/R=1.25%Y W}, JF Factor’} 7} =
Al efuhe], @ #9] DWD % DWU CVG tH] a=
105° 9] ALol=39 %, 5.7 % A453tAL, a=120"
ol Aol 22 1.8 %, 3.5 % F7FsI3lrh.

3)

)

1ol
N

o Bl FAkdfaka 7]

A=A

AFAAI @D ofate]

References

(1) P. L Incropera, D. P. DeWitt, T. L. Bergman, and A. S.
Lavine, 2005, Fundamentals of heat and mass transfer,
6th ed., John Wiley & Sons, New Jersey.

(2) J. E. Hesselgreaves, R. Law, and D. A. Reay, 2016, Compact
heat exchangers, 2nd ed., Elsevier Ltd, Amsterdam.

(3) K Torii, K. M. Kwak, and K. Nishino, 2002, “Heat
transfer enhancement accompanying pressure—loss reduction
with winglet—type vortex generators for fin—tube heat
exchangers,” International Journal of Heat and Mass
Transfer, Vol. 45, No. 18, pp. 3795-3801.

(4@ A. Joardar, A. M. Jacobi, 1997, “A Numerical Study of
Flow and Heat Transfer Enhancement Using an Array of
Delta—Winglet Vortex Generators in a Fin—and-Tube Heat
Exchanger,” ASME J. Heat Transfer, Vol. 129, No. 9, pp.
1156-1167.

(5) He, Y. L, Chu, P, Tao, W. Q., Zhang, Y. W., and Xie,

S=ERHMDIHEE =28 M27R, K4S, 2024



I
gk
&

9

HY HE} 7ol =gt

oo

B

.

T., 2012, “Analysis of heat transfer and pressure drop for
fin—and-tube heat exchangers with rectangular winglet—
type vortex generators,” Applied Thermal Engineering, Vol.
61, No. 2~3, pp. 770783,

(6) M. Fiebig, 1995, “Vortices, Generator and Heat Transfer,”
Trans IChemE, Vol. 76, No. 2, pp. 108-123.

(7) M. Fiebig, P. Kallweit, N. Mitra, and S. Tiggelbeck, 1991,
“Heat Transfer Enhancement and Drag by Longitudinal
Vortex Generators in Channel Flow,” Experimental Thermal
and Fluid Science, Vol. 4, No. 1, pp. 103-114.

(8 S. Tiggelbeck, N. K. Mitra, and M. Fiebig, 1994,
“Comparison of wing—type vortex generators for heat
transfer enhancement in channel flows,” Journal of Heat
Transfer, Vol. 116, No. 4, pp. 830-885.

9 Zhou, G, and Ye, Q., 2011, “Experimental investigations
of thermal and flow characteristics of curved trapezoidal
winglet type vortex generators,” Applied Thermal Engineering,
Vol. 37, pp. 241-248.

(10) Lu, G., and Zhou, G., 2016, “Numerical simulation on
performances of plane and curved winglet type vortex
generator pairs with punched holes,” International
Journal of Heat and Mass Transfer, Vol. 102, pp. 679-
690.

(11) Lu, G, and Zhou, G., 2016, “Numerical simulation on
performances of plane and curved winglet — Pair vortex
generators in a rectangular channel and field synergy
analysis,” International Journal of Heat and Mass Transfer,

S=ERMDIASE =28 27, M4, 2024

ixlof E 2-FEo| M

A
(=]

4

o
nS

b}
Im

Vol. 109, pp. 323-333.

(12) Lin, Z. M,, Liu, C. P, Lin, M,, and Wang, L. B., 2014,
“Numerical study of flow and heat transfer enhancement
of circular tube bank fin heat exchanger with curved
delta-winglet ~ vortex generators,”  Applied Thermal
Engineering, Vol. 88, pp. 198-210.

(13) Song, K., Xi, Z., Su, Mei., Wang, L. C,, Wu, X, and
Wang, L., 2017, “Effect of geometric size of curved delta
winglet vortex generators and tube pitch on heat transfer
characteristics of fin—tube heat exchanger,” Experimental
Thermal and Fluid Science, Vol. 82, pp. 8-18.

(14) Oh, Y.T., and Kim, K.S., 2021, “Effects of position and
geometry of curved vortex generators on fin—tube
heat-exchanger  performance characteristics,” ~ Applied
Thermal Engineering, Vol. 189.

(15) L. O. Salviano, D. J. Dezan, and ]. I. Yanagihara, 2016,
“Thermal~hydraulic performance optimization of inline
and staggered fin—tube compact heat exchangers applying
longitudinal vortex generators,” Applied Thermal Engineering,
Vol. 95.

(16) M. Fiebig, A. Valencia, N. K. Mitra, 1993, “Wing-type
vortex generators for fin—and-tube heat exchangers,”
Experimental Thermal and Fluid Science, Vol. 95 pp.
287-295.

(17) ANSYS, ANSYS CFX-Solver theory guide, 2021, ANSYS,
Inc.

37



	곡면형 델타 윙렛 와류 발생기의 혼합 배치에 따른 휜-튜브의 전열 및 유동 특성
	ABSTRACT
	1. 서론
	2. 형상 및 도메인
	3. 결과 및 고찰
	4. 결론
	References


