= HUZSS|X| M 393 X 75 pp. 493-500

July 2022 /493

< | ron

Korean Soc. Precis. Eng., Vol. 39, No. 7, pp. 493-500

« Topical Issue * Z{F Al SHA{e] 1

SEUX 43 FHoIM was
4 a7

I

http://doi.org/10.7736/JKSPE.022.058
ISSN 1225-9071 (Print) / 2287-8769 (Online)

a2 7=
Ja0ll [ME 3 Tl @y

A Study on the Heat Transfer Characteristics of a Glass Lens Mold
Heating Block according to Design of a Heat Radiating Block

MEBI, MS0?, o 29, upargss

Bo Min Seo', Dong Yean Jung? Keun Park®, and Chang Yong Park®*

1 M2arsty|athstu tish 7[AIMAIZE2ZSn} (Department of Mechanical Design and Robot Engineering, Graduate School, Seoul National University of Science & Technology)

2 @H=HR 7|24 (R&D Center, Daeho Technology Korea Co., Ltd.)

3 M2 |t 7| AIAMABIC|XIR1ZSH} (Department of Mechanical System Design Engineering, Seoul National University of Science & Technology)

KEYWORDS: Finite element analysis (23t AsfA

# Corresponding Author / E-mail: cypark@seoultech.ac.kr, TEL: +82-2-970-6360
ORCID: 0000-0002-0958-3316

A1), Glass molding process (R2| A3 B74), Heating energy consumption (7t Of|LX| AH|),

Heat radiating block (UHEEZ), Mold heating (2&7+2), Temperature distribution (2= £E)

The purpose of this study is to propose a better contact surface pattern of a heat radiating block in a progressive GMP
(Glass Molding Process) heating assembly. In this study, a simulation model based on FEM was developed to perform a
thermal analysis for the heating assembly. It was verified by comparing experimental results. The temperature distribution
on the heating block surface and heating energy consumption was analyzed with the change of contact surface pattern and
area of a heat radiating block. The considered pattern on the contact surface was cross (+) and straight (-) shape. The
contact area ratio was changed from 16 to 100%. The simulation results show that the heating energy consumption
increased to reach a target temperature with the increase of contact area ratio. The straight-shaped patterns on a heat
radiating block presented more uniform temperature distribution on the mold heating surface than the cross shaped surface,
whereas it resulted in a slightly higher energy consumption of up to 9%. This study shows that the contact surface pattern
on a heat dissipating block can control the temperature distribution on the mold heating surface.
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Table 1 Properties of materials

STS310S STS304 SM45C
Density [kg/m?] 7,800 7,880 7,850
Conductivity [W/mK] 14.1 15.1 49.8
Specific heat [J/kg'K] 501.2 466 489.53

Table 2 Boundary conditions (Heating power and convection heat
transfer coefficient (%)) of the model verification

Boundary conditions
Heating power [kW] 1.365
h (Coolant) [W/m?K] 1,350.3-1,374.5
h (Vertical surface) [W/m*K] 3.72-12.3
h (Horizontal surface) [W/m*K] 4.99-13.5
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Fig. 3 Experimental facility for model verification
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Table 3 Measurement accuracy of the devices

Device Range Accuracy
Thermocouple (K-Type) [°C] —200-1,000 +1.1
Thermocouple (T-Type) [°C] -250-350 +0.2

Pressure transducer 0-500 kPa +0.15%
Volume flow meter 0-120 L/min 0.5% reading
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Fig. 4 Temperature comparison between measurement and

simulation results at the location of a heating block
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Fig. 5 Temperature distribution of the heating block by the
simulation model
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Fig. 6 Required heating power for different surface patterns on the
heat radiating block
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Fig. 7 Heating block temperature change with different patterns on
the heat radiating block
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400, 500, and 575°C

T Aol AX sk 7t mHlo] L& Aol ojwl k.
oji= wetd ABHE W Lwo] Aol 98] FPEBo] nE
SR Bur F03e BRI 5 glov], HEs mulelq 77t

& $910] 2EE SV dpel Al LS 43}
o GlEle] Alof el Folol g ol

71—‘— H]—Od‘_ﬂ_éo] X—LQ_Q‘——

577°Co Tgsle 1S

E59] HEHZ o] 7t

SheE Lk mdsly] $igt A¥E Aok stEE 1 At

WHdER gido] gl A-GFHEHE v& 100%)°] =7
o]

N
Vg G S5 S-S o 4 9lon, EuAe] vg

f
g
K
o
fin)
2
>
<
pa)
_t:l,
ﬂﬁ
o
oEE 1‘
il

Fig. 8& %é 2] =k AolA B 7E aHgE
g 3zolct. 7FFEZ 0] 400°Co| TSt A Fol|A]
]a(;;% AEWA H]go] 100%3] ALE A9t
S HojErh JFHHA vlEo] 100%2] 7
=ot7] QA AlhE Mzt A




498 / July 2022

W SEARSo] o|Folx X YRS R WALt &
A o] 217 uie] B Lmo] mesb] $1g A vl
2 B e 2 PARES A9 Jout Avke 2
oF 4= leh. S00°Co mEEh el 4u] Aol HEw
2] ulgo] 4804 16% Aol utet 9] Fasha 9aS
HolZM glou] Fag e (Y YABSC|A ) 9.0%, (+)
g gABSA Al 62%50ch B AHUHNS 2= 3
P (A WABEL (Y WABEO| H]3] 3887% W

=
WA 500°C0] Tl AnE Rzt HE
| =

A5 F9loIA BRLE Aol7t PAET
7] Etanss e Byt
YABEY Puyo| Y W] fRoltt. 57Co| Tk

4 B el Ao 7R biZell meEEle AlRtellA
= 2ol g " 1 A avfske AR Fig 69 8+
Aol GASE A7ko] oA BE 575°Co] Tg A Au] HE
Fe 87AET} fARE S 2 "k
3.3 YE=F Yol WE 7IEEF 2= 2E H[W
HAEER A2 7IEESY 25 B2 71 dast
A9 v = o 59] 7Hdes dHY 2k 2
wdEe =27 AFEE 53 A A5t hee] =
o Fo e v T8 FFe AT GMP FAH M &
g A= 98 ¥Ed 599 A5E 120 mmet 7PgstaL,
ZtAEs A E9e] 120mm 252 7MY o YR 2k 22
€ dHEIE BEste] AT Fig 9= 2 7k AlE o]
T AN S0 HSohs oM Bl Hol 9
HeegdS HolE

Fig. 9ol 3#W 0] Het2 et HEWA 9 v|go] F7Igh|
w2t AR AR 2 2ol Algko] Akl whet ghassial, Ak
FefolAs A9 LT 25 etk B Al 7,500
ZZ0014 FA4E oA o] FH e} HaL ko] Aol= ()
AE WAER A 12.0-25.0°C, (HAE WIER|M=
20.7-38.7°Ce] o2 Ryon, HEHZ O nlgo] 2HeLm
e} FaE: e fgashe Fde A dEo] ¢
£ YAESoA A4 A Hgme}t HALE 2H= 36.6°C
2t Table 4= 7FEES EHL] 2|5 120 mm 7M1

=
22 42 (A WradeSol 2= 540l Figs. 83} 9 112

T Table 40149 TS B ofulx] dmjeEe FaAE 2
voll A (A8 BaEEe] BAL 7Hd 4 glont HEuA
HZE A A9 osle sdo] gl WaEsuG e ¥
FUE} AR wep (94Y HARES A B9
sele] WA dAleh SN wet 7k BAo] A

M2 & % ek
Figs. 10@%} 10(by= 718 A|12F & zkz} 3,00029} 7,500%
ol AHoIA TtAEE He] L BEE HolRm glow,

700

[ 1500s/ (+) : (+) shape
[ 3000s | (-) : (-) shape
I 7500s

600 -

500 -

Temperature (C)

400

300
(=)16% (-)32% (-)48% (H16%  (+)32%  (+)48% 100%

Fig. 9 Heat radiating block pattern effect on heating block surface
average, maximum and minimum temperature

Table 4 Temperature difference between maximum and minimum
temperature at the heating block surface

Shape Contact area ratio 1,?)00 S 3,(())00 S 7,200 S
[%0] [°C] [°Cl [°C]
16 11.7 11.8 12.0
©) 32 17.8 18.3 18.7
48 232 24.5 25.0
16 22.6 20.2 20.7
) 32 35.8 38.0 38.7
48 40.0 42.8 44.0
No. 100 335 36.1 36.3
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(a) 3,000 seconds after supplying heating power
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Fig. 10 Temperature distribution contours at the heating block surface with different heat radiating block shapes

Fig. 11 Heat flux distribution at the heating assembly with different
heat radiating block shapes (Unit: W/m?)
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