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A Review Study on Heat Transfer Performance Enhancement in

a Circular Tube Using Wire Coils and Rings

Suthin Pholboorn*

Abstract
Heat transfer performance enhancement in heat exchanger by using wire coils and rings was used in
many industries such as power plant, air condition and refrigeration systems, food industries, automotive industries
or chemical reactors. Although wire coils and rings increased the convection heat transfer coefficient for enhancing
the heat transfer, pressure loss was increased. This paper collected literatures which used wire coils and rings in
many shapes provided by Nusselt number, friction factor and heat transfer performance. From the collection, it is
found that the conical cut — out turbulators with internal fins shows the maximum heat transfer performance of 2.4

with Reynolds number of 6,800.
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314 16 drafrnnululhunaunuuienan [21]
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133 A.61. 2011 Anvari et al. [22] lanaasald
UHAUBVDNSIORTAII1WE1 138 mm
@urugudnaslvajuaziAnve UL NI Y
1D 136 mm 1AL 68 mm, ANEIAY N1TIAITE
uMIul 2 BUY fie NSITGAWNTUA (DR) AT N5IY
gmaunszia (CR) At 17 musdTuadogszning
2,500 949,500 WuINAaVHAIFaNU0INITTAG
UHIULUD DR TANIADA 521% ag 9AiTeeuuy CR
NA1gIgAn 355% ANAUAATDINITIAGTAUY

DR 11AAI 1Y CR

TR IR,

31N 17 uranuuunse [22]

113l f.¢1. 2013 Muthusamy et al. [23] lanaaes 1y
fradranuiutunuunsisaandunieluid
B IUIZeT A% (PR=3, 4 1A 5) uazlinmIsalsed
2 HUY Ao ﬂf:w@:mumzuﬁ (C-turbulators) ag
niw@:‘waunizuﬁ (D-turbulators) @Tagﬂ‘ﬁ 18
usdIuanoglusae 6,800 599,700 Wy
M3AREUVY D-turbulators 713 PR=3 1 aussaus
mamemanudeugegaia 315% Tavfiqussaus

msmemanudougegamiiny 2.4 uaz @1lszneu

= A g ' 1 a a
@eamuilaudu 3.2 mvosnenlGey

v

4 (S Y X U a
3Uf 18 Mradnanutulunuunsiedansuuuy

C-turbulators (18 D-turbulators [23]

96

113l a.q1. 2007 Promvonge and Eiamsa-ard [24] i
9 ] @ [l a 9
nAadlFuINLUUNTIeTINA VLK Iude Taely
A Y o < '
UHAULUUNS IR FUEUgUdnaruanuas lvg
1Y 24 mm 1AL 48 mm, AINEIAY BATIAIUNIT
=) 1] = % d'
davewnuluiia (Y=y/w=3.75 uaz 7.5) 331l 19
o 4 ] 1 = 1
usgluaaegszning 6,000 04 26,000 Wi
AUTTOULNITINANYTUYDINIT I FUK I
1 % 1} a d'd =
HuUnsIeFINAULHUlUDANT Y=3.75 ag 7.5 UM

1 A

I 1A
WU 367% uag 350% WINNINOAITIY TUTTOUL

' o A

msmemanuieugagaminy 1.96 Welduniu

wuunsresunuuRu ludani Y=3.75

31N 19 wanuvunsewazuruludia [24]

1u3) a.¢1. 2013 Eiamsa-ard et al. [25] lanaaosld
fradreanuiiuhunusuuanay (CRT) $auiy
wruluda (TT) TagdasiaIuszosNATY 1Y
CRT (I/D=1.0, 1.5 gz 2.0) tag 8AT1dIUMTUAVD

) ~ o s
TT (y/W=3, 4 uag 5) mgﬂw 20 Lamsﬂiuaﬂaq
11924 6,000 94 20,000 WUINFIUTENOVIFEANIY
1 4
uazaNssauLMInImaNiouvesnsldgilngal

1 =\ 9 1 9 =}
594 CRT wag TT Huua 1duunni1ms 19 CRT wigq

[l = = Y o a Jd o =
26191A87 ¥ MV dFan adlseneuid@eanivias
' I

AuITaUTMITEINANNT 0T U 25.8%, 82.8% LAy
6.3%, ANa1AY TasauITouLNIIoIemMANToU
AaaAIAY 1.42 v0am3 1% CRT M3 UD=1.0 ag TT

Q¥ a

1 y/w=3
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31 20 wranuuunnauuazuruluia [25]

9 a = Y
mslsuiusuunsisaansumeluldaussaus
' 9 4 o Y
msmemanuiougegariiesainilins lnauuwy
' Y
Tui 1108197 U1 IALANVHUIVOVTUFAVD
= < Z, dy ~ Aa 2’, o Y
vod Imanvuiaanad nadasunaaaanteluin g
A 4 ' ] 4 2 9 Ao o q v
nunlumsmemanuionuiIu Aemgtuai n

1 i\ g
fmSiau$ﬂ1sawmﬂ’am'§"auﬁﬂmmmu

M5199 1 ﬁdmiﬂuzmithﬂmmm%'E]umawm’muaznmauwia:gﬂuuu

#ide YABIANASHIY [ Re Nu, /Nu, Y n
Yakut and Sahin [6] VANIA t=10, 20, 30 mm 5,000 — 35,000 23-18 38.5-13.0 -
Naphon [7] VANIA H=3.18, 5.08 mm 5,000 - 25,000 - - -
Akpinar [8] LGRS P=9, 15,21 mm 6,500 — 13,000 2.64-2.38 247-233 -
Zamankhan [9] VANIA t=0.6 mm 200 — 3,000 - - -
Promvonge [10] mmﬂ?{mﬁﬂu H=15,20 mm 5,000 — 25,000 26-21 84-9.0 1.23 -1.02
t=2,3 mm
Gunes etal. [11] VANIA P/D=1,2,3 4,105 - 26,400 3.0-24 7.83-7.20 1.5-124
s=1,2 mm
Gunes et al. [12] mmmmumﬁﬂu P/D=1,2,3 3,500 — 27,000 2.5-2.02 6.35-6.1 136 -1.12
a/D=0.0714, 0.0892
s= 1 mm
Eiamsa-ard et al. [13] YANIALAY D, DI —coil 4,600 — 20,000 3.6-3.0 27-29 1.25-1.0
uruludia Y=3,4
Karakaya and Durmus a1f59ns0e 6 =30",45",60° 10,000 — 34,000 433-2.73 85-45 -
[14] DR, CR, CDR
Ozceyhan et al. [15] LUHIY p/d=0.5,1,15,2,3 4,475 - 43,725 1.75 - 1.60 4.21-4.78 1.16 -1.13
Thianpong et al. [16] uvuuruluda W/D=0.05, 0.1, 0.15 6,000 — 20,000 3.38-2.85 38-50 1.24 -1.02
p/D=1,1.5,2
Promvonge et al. [17] UMAUIUULIVID B9 PR=P/D=0.5, 1.0, 1.5, 2.0 5,000 - 26,000 44-36 35-37 14-1.14
BR=b/D=0.1, 0.15, 0.2
Yakut and Sahin [18] UHIULDUNTIY t=10, 20, 30 mm 5,000 — 20,000 339-232 - -
Promvonge [19] UHIUUDUNTIY d/D=0.5, 0.6, 0.7 6,000 — 26,000 6-34 28-18 1.8-0.93
DR, CR, CDR
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#4338 YARIANAZUHIY fSovily Re Nu, /Nu, Ll fe n
Kongkaitpaiboon UHAULUUNIIYNLF PR=p/D=4, 6, 12 4000 —20,000 32-345 28.5-225 0.92-0.83
et al. [20] N=4,6,8
Kongkaitpaiboon UHWIUNNAY DR=d/D=0.5, 0.6, 0.7 4,000 —20,000 2.89-2.94 50 -70 1.07-0.95
etal. [21] PR=p/D=6, 8, 12
Anvari et al. [22] URIUUDUNSTIY d=68mm, D=136 mm 2,500 — 9500 6.1 -257 - -
DR, CR
Muthusamy et al. [23] UWIUUVUNTIY PR=3,4,5 6,800 — 9700 248 -2.75 6.5-4.7 24-21
Aansunelu C, D — turbulators
Promvonge and Eiamsa- WHIULUUNTIYLRS d=24 mm, D=48 mm 6,000 — 26,000 6.35-3.62 30.5-20 1.95-1.01
ard [24] wnuluda y/w=3.75,7.5
Eiamsa-ard et al. [25] urIUNauLaY I/D=1,15,2 6,000 — 20,000 4.49 —4.09 31-36 142-1.24
wnuluia yIW=3,4,5

m31ed 1 fumsuaasaussougnaniem
ar1useuvesvaalauazunInuaaz gy
midszgnalfau Tasinaueegluglvesdisous
aza1u vanlauazunau Jouluvesuaaianaz

o

sAq Y o '
unIU tausd luaai l9manes (Re) 9T 18UV
o a S A o 1 " a A
ydmFanninsliulginisInanenemdiSou
v 1 % = d'd
(Nu, /Nuy) 89718 WA 52R0MABANIURANS
o 1 1 =) =\
UYSudgenmisluaderodaen (r/r) uae
ANTTOULMINYNANVTBU (57) 9INATITNNDI
9 a = 9
mslsuriusuunstsaansumeluliayssaus s
aremanuieugegaminy 2.4 diunislduaaia

MUV NHTINIAY 1 mm 1daussouzms

fem ANuSougeganiny 1.5

Y o &
ﬂ1§1\1ﬁ 2 ?fllﬂ’]iﬁﬁwu‘ﬁﬂ']\iﬂq'lll%,ﬂum@qmﬂajﬂ

HAZUNIULABZIUINY

9

i
[Aphli]
9

aummﬂﬁuﬁmamm%ﬁm

Yakut and Sahin

[6]

0.128
Nu =0.91Re"* Pr“[ij
D

(-0.223)
f=4.44Ret 0| L -
: D

Naphon [7]

0.253
Nu =0.156Re"*" Pr' 3[?]

i

0.061
f=322.92(InRe)” *‘9[{?]

i

Akpinar [8]

Nit = 0.661 RS pr!s08 f,,037
f =0.0333Re " hn***

i = TIUIUND0D

Zamankhan [9]

Promvonge [10]

Nu =0.01926 Re"*™* Pr®*

f =0423Re 7"

Gunes

etal. [11]

Nu = 0.077156Re"71¢%2 (P/D) 0.253417 (s/D) 0.124382 0

/ =3.970492Re 0.367485 (P/D) 031182 (s/D) 0.157719

Gunes

etal. [12]

Nu = 0.598417Re" ‘450(,4(P/ D) «Azaxz74(a/D)M1szns pr®?

/ =83.70924Re 0.305268 (P/D) 0.388 (a/D)l 319018
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HAZUHIULADZIIUINY (9D)

#4330 aumsaniuinenZeu
Eiamsa-ard Nu = OAISGRBMH PrN(y/W)’” 249
etal. [13] £ =22366Re " (3/w) - 0.449
Karakaya and -

Durmus [14]

Ozceyhan Nu=0.524Re"* P’ (p/d) ™
etal. [15] £ =107Re ™ (p/d)"*
Thianpong Nu = 0.097Re** Pr“(W/D)N"X (p/D)ﬂ 181
etal. [16] f =112.795Re" "' (W / D)"** (p / D) *™*
Promvonge Nu = 0.165Re"” Pr® (BR +1)** (PR + 1) ***
etal. [17] £ =1.709Re ™ (BR +1)"™7% (PR + 1)+
00716
Yakut and Nu = 4.497 Re Pr“[Lj
D
Sahin [18]

foorarrre (L)
‘ D

Promvonge [19]

CR: Nu = 0.09155Re" Pr®* (d/ D) "
f=112Re™** (d/ D)™

DR Ny = 0.863Re™ Pré (d/ D)™
f=1252Re % (d/ D)™

CDR: i = 0.1986Re*™ Pr* (d / D)™

£ =1.038Re > (d/D)™**

Kongkaitpaiboon Nu = 1.258 Re 606 pR 03 031 ppo4
etal. [20] = 985.48Re 03 pR-07 125
Kongkaitpaiboon Nu = 0.354 Re "7 pro4 pR-0555 pRp 0.5%

etal. [21]

f= 0.715Re "% pR~+775 pR-0846

Anvari et al. [22]

DR: Ny =0.1438 R Pr2®

CR: Ny =0.0767 Re® Pr>*

Muthusamy

et al. [23]

C-turbulators : yy =0.0016Re'® Pr’* PR**

D-turbulators : ny, = 0.005Re'"* Pr’* PR

Promvonge and

Eiamsa-ard [24]

Nu =1.356Re™* Pt (d/ D)% (y/w) "™

f=248TRe ¥ (d/D)>” (y/w)"'

Eiamsa-ard

et al. [25]

Nu = 0.326Re"™ Pr“(l/D) 0475 /W) 0.406

f =13.99Re UNZ(I/D) uez7(y/W) 0.619
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