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Computational Thermo-Fluid Analysis for the Effects of Helium

Injection Methods on Glass Fiber Cooling Process in an Optical

Fiber Manufacturing System

Shin Park*, Kyoungjin Kim*, Dongjoo Kim**, Junyoung Park*** Ho Sang Kwak”

(Received xx April 2014; received in revised form xx April 2014; accepted xx April 2014)

ABSTRACT

In a mass manufacturing system of optical fibers, the sufficient cooling of glass fibers freshly drawn from

adraw furnace is essential,

asinadequately cooled glass fibers canlead to poor resin coating on the fiber

surface and possibly fiber breakage during the process. In order to improve fiber cooling at a high drawing

speed, it is common to use a helium injection into a glass fiber cooling unit in spite of the high cost of the

helium supply. The present numerical analysis carried out three-dimensional thermo-fluid computations of the

cooling gas flow and heat transfer on moving glass fiber to determinethe cooling performance of glass fiber

cooling depending on the method of helium injection. The results showed that afront injection of helium is

most effective compared to a uniform or rear injection forreducing air entrainment into the unit and thus

cooling the glass fibers at a high fiber drawingspeed. However, above a certain amount of injected helium,

there was no more increase ofthe cooling effect regardless of the helium injection method.

Key Words

: Optical Fiber Manufacturing(3F-d

A§4F), Glass Fiber Cooling(fF84# W2, Helium

Injection Cooling(&F F Y2, CFD(H 44 98

M OB

P e
o el froh
HBAE PR E,

*  Department of Mechanical System Engineering, Kumoh National

Institute of Technology.

**  Department of Mechanical Engineering, Kumoh National Institute

of Technology.

**% Department of Mechanical Design Engineering, Kumoh National

Institute of Technology.
#  Coreesponding Author :

Department of Mechanical System Engineering, Kumoh National

Institute of Technology.

E-mail : hskwak@kumoh.ac.kr

WA A% P Naﬂ
A AL o

o2 GA Fol WS e #
jo= Azel Hrl. ol9A A%
NuRANE BHRRA el
ol n], vhAom A9
AL ASE AN B R A

B £ B i o
ON

N
10

4

- 124 -



F, W, 25 AFTIATEE A, Al13d, Al2E

helium injection

an T2 2338383323828 ELL e
s MEBEBEENNNENNRENERENE .

7 -\ out

B (s ol | o (S (o (N { S (| (s (S (o

helium injection

Fig. 1 Schematic diagram of glass fiber cooling unit with 40 helium injection ports.

AEHU 2z A JIEHE fFEdfs JAU2E 2 700 m/min =0 JAESEH=A FeAF ¥4
Hir] Aol o= A= WzHe] thAl AHZ  AAE ddem 2 Hisd e FIsrgen,
stAE oA E HFd meow FEAI Y &9  Tschimperle V% Aoz wo ¢zLw
57 Aol el 7HA dasior . fEdR M LF AR WAEA tetke] 33k Zate]
o] Wzto]l FEeHA ot aeel FYARIE UE Mo FAHYT AR olHFd AFeME 9N
Ao o2 #UdF WG o] A= HA  =2RHO| ¥V fUe nHdA &3 LFo| 9
FAY frelds 2ol dddel He Fo oy AN WAVIAR 2Asi
TG A I 19803 A F-o) A2 2] Kim e 14 AFHE FEAAR
AEE=7E 9 m/min AEZ vl Uk e W4FAe dste LF A FUds 9
freldfrt 94 9 ARFrIE FTHEM 4 X R 9RFY] §9 2 dEFE As @Y
oAE Ad WHeRE FEIAAAT, FHF I 2 24Y FEAHLS Tl dysided, 1 F
EF4E7F ALH0R FopAn A 2000 mmin & AFAANE FAE RF FUA KR BF
Az A&HA2el ol2A HWA WA WAY  FA distel FEHdR dAES E23ste] 22
Aol Feldf AFAL] FAEA Hol 2 9 33 A FYste n&HAE A LF
WAES7E FESHA oA ATk web @A Fel o3 R3] fd AV fdf 3
B 2&AZ FEshe aRAL 48T AT E TS HRe 2yl
T 94EA 8 #hr)Eo] dasit 2 ATodME R AAEEE FEdft

YAz exb et UR dew 35 A4 AF FAWAol feldF Wl 7
71 $AE st A ool EA7F A, ¥4 Ae 9FL AA W B347A fF 2 e F
7NAS B &S ol &3 AAURF P Bl A, 2RI FU9E st A
A@Agel e T FEAEF G A el o2 NSt ¥ Fo LF ALdd= M &
Alekzzdol et ol weh A FHfF uE A FHA LF FAYA IS AASAT
AEAANME Feld Rt BHdete WARAC 2
FE FUs FedRS Qe Fael A 2. x| 2O 9 RMARS|A G
Holgf!, dFL He AAEEE 7HA I Qo &

ZHdell= Ereta freEldf BAVIAR 2kola

itk WA el BA AgEges 2y 21 TEIET SZHEA

F 1% AEFAHAA LA LF ALLS E3} 2 A7 sididd feEld A 1t
of FET FYHF WAETS dodAE B4 HSE F27F Fig 19} Fig. 291 =A1F Sl <)
 AzxdrrE Aske Aol U2z U mAeA AEd 1o FHAdH

ksl

=2 RRCIRS! 5t 7 SHete WA F WA 4ol 1 om,
22 A7+ A%7F @ vl At Vaskopoulos 5

9 A% 10 mmel WS R 7 AT ol F

o% o
N fo
OSTFJ
= >
2 x
:ﬁd_o.

ui

f
2

o

-125-



PR WAA) WF FY7) AAS A AVDFENY  @FNANEHFIA, A3, A2
2 WRA dA7IAe] EF w=7F AstEeT,
e 2719 WE Ay skl 72 AAA
R — 2o AFRE) WY 2BAFETHAE 40
' ! B et W2l 0 wsEE dEEEe o
30 mm E B gAY HES dAEEE AARA
l J, - ES 7Nte g oS5t on, AFaA e 45
o AHAF At ZIAEA EFE0] AHEEAT
£ 250 WE JA BEAAY W A sfHe] =
¥ gstgom, 1ee FUAMRE AW LEFH
FHR RPN FFEE oo ne 93
1000 mm ——— b 235 e AT
- SEFPALAA HREY IR 23
HREAE ASIAL, F5% dde AAE 9
Fig. 2 Detailed structure and dimensions of glass ) SIMPLE i@ Zo] o] &5y Wzax el <l
fiber cooling unit with helium injection. T 2TE 9B Trle] 89S wess] 9 st
9 37 fde Folv) S5kl Qo) 5 mm, A7 4 1Y AAEAE FAUG Fod AwsEw 5
mme] F& AYeol YT R Fo| o wry TLEE CIFEE FEAUR A4 Ao T =
o gtk WA A AEol F WAmow Fyx Dord SIS fFdddel A feAuE
2o ANAE el FUFES Fg 23 ) T GOE AAAROE, o SA4GAT &
2ol fEARel AEWAT A AAme CTE IHIA ST
ATt
72t 2§ FY7e @7 =7)E 2 mm x 20 mm 3. ol MZut & EE
olm, deol= 30 mmE T3 FAUTH F 2049
dEF FYT7F 30 mme] € AR F WAH 2 A7Y fEdf ¥ 23 sidcdAe WA
£90] Aougor MAHAT JARAE B ANE Bolrt: AuUdRY FYLEE 500CES
S fUUR AAS BUS AAREYA 125 um ESE AT A FRAe WARAE 9
oM, FEHf UEEHEEE 30 mis EE 1800 o W¥AF =¥}om I Hue] I 2EE f
mming 71202 s A4 DB AR, ool wel 471N WA Hne &
E2AS 10CE 2Ys Fom, A5 FF
2.2 Mok A i 25 9A 10CE FATh gFolA FdHE 371
B oAede feUdR BAEA fPgs o 5 20T A=t
A HAEy) Astel 4§ CFD wvlAe BE FUT A RS Lopiy] gkl &
ANSYS FLUENT 13& AHg3te] 3 gty € BF TAD st Fig. 30 =44 nheh 2
o sy WA Yo wzsA smzg  ° Al A FAUEel diF side Adsiioh
3 QA 8 fedRel eEg sdos o A °ld dFUsh SUshl & el AF F
1605 79 339 APARS Aske] Aesoy  dTol #FEsAl wEste FYshks A -f-(uniform
FeAFet F 97Ee Aol v Ay) wie] injeciomE MaHiAOE AT ol HEel T
WA A7 285 AASEolgn /1A AT d F FUFE AAY 200 FAFAT FFSE
ol@ Al Blo) wral wlxE Wzax 9Qpo] /1U(front injection), EE WHHE R} 2070 F9
A gd89 4 SUH= grzy|Z Qs # Tt FF3= 7 $(rear injection)S A A3 A3}
o FEPAF WZEHAS F5 FY A9 wust

-126 -



<

01020304 0506070809

4 4+ 3+ 4 & & 3 4 4 I3 3 3 I LE L LI

=71 A7bE 88 A, A3, A2

il

M)
pa

a mﬁ%ﬂﬂ%wﬂ.ﬂ%aﬁ%ﬂzfﬂﬂ ﬂ?:ﬂmmwg_%o_u%
N _ W F o B o £ T ook Jo o o T
@ > €« 38 TTo ori miE_& Toud_vBisl
B A BRCE S § s S S Y
« =+ « &% T Eqwa_lvﬁp%m_iﬂ I R A
o § =R I NG A . PN
& +mme £ AZFm¢ g F - Tw CCH R
Fe cly_ P atINT Tm_ITx @oda®
- N & . Ho E_..ndloE_.EA_o.HLEWIW,*JOHﬁ Wlﬁn*‘dlla; OMZT‘m_Ia
g S CaCUC P T U R i) cE LN My d
o cmlme S TP L EBToRasvo T TEmgnc 400
® F e?ﬂumwaﬂpu%maﬂwmthqfr m._uaEﬂL.ﬂaadl.ﬂ e
« e - BHTTF k4 5T @MU T o gy M
5 £ W, = — o Hg®h T op®owm X
b TTmTan 2 Sk cxmppl Tz
@ . ©fe zug,NgrE w¥_m T T BT AP
ERVE i oo O M oy T T T o M
« & &€ 3E pauvodleagraengng e S B Hbpw
52 _i& dorlg o N~ of
« > « £ Tetr T I0ENEET Fdismpiks
3 PR AREAK B e PO T Ten” &
* & ¢ £ W TOLERTHRIPIETIR TUTI TRV NPT
s
e A\ fm PRBEHRRNFTO NPT BFHEETT TG OMWE
. . g s ﬂ_oam_u@mwﬂ, %%.n%cfﬂﬁaad%ﬂ Egﬂo_;ow
g o TN 5 J
P8 fMialal Zuastiyz £D.225
@ = — LS ~ o™ T 0 0
e 9 e m7 mﬂwgaaﬁmmwul.mm@rﬂmoﬂsﬂww_ﬂoc_ ﬂmoﬂu%mama
“ = « mcm mﬂwﬂﬂiowﬁo_aqrﬂ:ilmﬂw‘mu sdﬂEl O—H_zT-w‘mﬂszM
E e W% e B o WV ok mio s M W
2 F Tm T — o kT B o o T oo P W
TR - R N e e i XS
ol ;ottmﬁﬂ_wﬁﬁoﬂ%%_/ N %mﬂ%ﬂ =N
. —_— - il juri s o _
« 9 e Mm m_xm_mw_wﬂsMMmLﬂ%%%%%%%%%#ﬂé%%%ﬁ
O.m 1)_A| N ~ ) A —
£ : muzfmamﬁﬂwz_/o@ovnuaodu& %@E%A%ﬂhﬂﬂ%
e S e A 2 T2 L LS P
> o s o] N o
PR e £2 Poptorsan kg i kY 4 F
5T U lEILFER P et es T 0T
e 9 - £ Moremiao Ny gy, tepod  mw
% Hmw. 20 PhFps  wwo Ty ol
9 & RHMT apy "PTEMa 2 PR o
e . oo o4 e o D mouooﬂszﬂ o o T N
- = = - e e o ol mum M B o o Ao
= = = = B pBEITRET TalIkbRDRVET DT ®ol®

-127 -



dfEaA - ASTIATEE A, A3, A2

1.0 T T T T
(a) front
0.8 F injection 1
c
kel
© .
S 06} uniform
@ injection
(2]
®©
E 04 ]
S
% rear
< 02 injection J
0.0 ! 1
0.0 0.2 0.4 0.6 0.8 1.0
x(m)
(a) helium injection of 7 LPM
1.0
rear
0.8 injection :
c
) front
8] .. .
S o6 injection ]
a .
&2 uniform
€ o4l injection ]
S
=
©
< o02f ]
0.0 1 1 1 1
0.0 0.2 0.4 0.6 0.8 1.0
x (m)

(b) helium injection of 10 LPM

Fig. 4 Effects of helium injection methods on the
axial distribution of helium mass fraction in
the cooling gas on the glass fiber surface
(fiber drawing speed of 30 m/s).
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Fig. 5 Effects of helium injection methods on the
axial distribution of convective heat transfer
coefficient on the glass fiber surface (fiber
drawing speed of 30 m/s).
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