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Abstract

The cavity temperature distribution was measured under different injection speeds when the two
different grades of POM melt fill micro mold cavity at different cavity depths; cavity surface
roughness, and the heat transfer coefficient (HTC) between the melt and the micro cavity wall
were calculated. The results indicate that the HTC increases with the increase of the injection
speeds and the cavity surface roughness, and decreases with the increase of the cavity depth and
the melt flow distance. The coupling effect between the cavity depth, surface roughness and the
melt flow distance also has significant influence on HTC. The HTC is simulated by the fluent soft-
ware when the POM (M90-44) melt fills the micro cavity; the results are highly consistent with the
experimental results.
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Figure 1. Schematic of micro-injection mold
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Figure 2. Schematic of temperature sensor installation

2. BEARBREREE

Table 1. The main parameters of experimental materials

1. IEMRNEESY

SHEH V/W-m !

B p/Kgm ™

MEL EL#vss o/ 7Kg - C™!
POM (M25-44) 2056 (200°C) 0.18 (200°C) 1151
POM (M90-44) 2591 (170°C) 0.21 (170°C) 1158
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Table 2. The reference process parameters of experiment
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Table 3. Viscosity model parameters
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Figure 3. Variation of HTC with injection speed at different polymer mate-

rials
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Figure 4. Variation of HTC with the injection speed at different cavity thick-

ness
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Figure 5. Variation of HTC with the injection speed at different cavity sur-
face roughness
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Figure 6. Variation of HTC with injection speed at different measuring posi-
tions
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Figure 7. The simulated values and experiment values of HTC at different
positions

7. NEINEM BRI RBARBEN S K0 E

5500
6000 -,
5000
- 5000 -
ot 14500
£
=
= 4000 - 14000
—-— 3500
P M
6 Pt e 06"
8 10 Py Sty -0 30.40‘5

12147 g0 01027
X/mm

Figure 8. Variation of HTC with x and ¢
B 8. XA FR KB x 70 ¢ BN

E A A IR B P 2 5 R TR RS B A A0 KT, X 3 R B AR ALz . B, 4R THRLRE 493l
4 0.062 pm, 0.393 pm F10.695 pm i, BEIERTRSNEE Z K, XA RO PEIE 2 518 16.97%-
21.37%H1 23.67%. 1 4 REIEEE 238 6 mm, 9 mm A1 16 mm I, 22 1 HURE BEAE A 1S I, 6HA
P R B IR 4 AN 50.53% 36.49%. 38.37%. X2 H XA ARE TS M LAY i, i e 4 R A0 B I
IR BN EE B 1Y T ok /]N , I 25 s 2 T KELRRS 38 189 DT 304 DK, TR 8 56 %ot 4t A R B30k B A I IV E i 3
DAL LG It 3 P 25 5 R s 3 TR RS P52 2 RN AE AR LU ) B 56 5 K R

5.2.d Ml ¢ BRI REAR KRN

TEVE SN 2.2%0F, DL POM (M25-44) 444 3H 78 A [F) 1R 5 A1 3R TR RS P 20 s g 2 s, 045 6 mm 9t
SHERBSAL, FaAAk 5 A s BETHI 18] A5 R e R B 141 9 B .

DOI: 10.12677/app.2018.85025 212 I EEY/BEH


https://doi.org/10.12677/app.2018.85025

ST

9000 8000
8000
~ 7000 17000
“ S8 ;
56000 CSSACSKIEIDIIRE. 16000
g “‘:““:“:‘\“““““ N |
= 5000 ‘3.::.:.:;.;:‘;:‘;:»:‘% n
= 4000 I
3000 4000
2000 Lo e 5707
2035047 s 5203049577 3000
d/mm 05055 00.1 &/um
Figure 9. Variation of HTC with d and ¢
B 9. 3R ARLIE d 71 e ITIL
9w, YR IR — e, BRI IR EERG AN, A A b5 R Jins B T ) 10 X VA i P 2R R ok
R, JIAE R TS P /0N, 1 2 % 3 SRR BT, ¥t 45 PR R B0 T P 3 R (IR 2868 Wom >K '
T R R 2 TR KRS 3 #0584 K B B R MBI, SR A R ECh 4060 W-m > K 'y LEAUBERE IR/, K

RS FE A8 S0 K XA e R8N T 4718 W-m ™K™', Hl/ MR E I 53.75%. 1% 2 B T i df i R
KUt R fp R P T /0 7 R T AL PS8 KT 8 K, P A 0 it i PR AR S A S 1 1 FH
%, RURIREE S RN R 2 8] [FIREAAAE A ESE P Mok 22, ARG VR T S5 2R & BRI i
RARBI AL

5.3. d 7 x BT RIRA R BRI RN

TEVES R LR 2.2%I8, POM (M25-44) 1B AR 78 R IHIRHRE [ 0.062 pm FYALJEE,  PUASAS 5] Y flas Fi AN
IR AN EE SR, A5 28 fs B THT [R] o R 4 B R Ban 11 10 B

B 10 Bom, JEARPE B — i, SEINB R URRE, 2 (e 1A 55 Y s BB TR R] FRORH AL 46 R R 45 2 LI AR
s, JUICAE R fis R B R SE 75 38 20 0 2 S 1G K B e KB, %o VAL 4 B R O T P B B ME 2135
W-m K™, NPREIEREIE 61.34%. AR T 8 s I8 B de KT 945 1% 370 50 128 gt /N B (00 ) 3 45 B R B 2868
Wem 2K, H N FRIRFE N 25.56%. S8R, 1A T X6 it 39 1A 28 B0 75 fs 32 A0 A S8 2 B 188 48 K ik
XA I SR 22 R R R BCR B F IR S, W AR RS 1E R, A A |5 i BE T ]
(IR T R ECT PR BN RS

6. &t

X PR R (K] POM. I A £ AN (R S 3k P 5 SRC7E AN (R BERIAN [ R T REL A F5E Aot L 2R s DA R R 4
FEEREG AN, R s o e AR S N RO R AT TS, AR EIBL R S5

D) FHTZSHMBERSE AT, REVMELE 51T AR EO IR S AP E SRR, i
TSI AR e A R K

2) REVIEIFGERR I, 388 KR P S T RS P2 LB Dol A7 A 50 0 ) 2 S A 5 2 s e i 1)
DX R A 2R A K5 T KT A T PR A 201 e 18] 7 AR B D) BE AN, A A S BE I (R L AR RO, 2
T EUR GBI AU IAT D B R 9 ) B AR

3) CRRMEEARTE , W AR A TSI KR RAT IR, Ll SO R 3 TR M PR A (A SRR A B B
BHONHIE, JCHGRAE R IR RO BN

DOI: 10.12677/app.2018.85025 213 I EEY/BEH


https://doi.org/10.12677/app.2018.85025

S9N

6000

5500

5000

4500

+4000

h/W-m2K™!

43500

L 3000
16

2500

05 8
d/mm 0.55 6 X/mm

Figure 10. Variation of HTC with d and x
B 10, XPmEAREBE J Fx BT

4) PRI AOVREE « 2 T RELRE P2 RIAR (A S e B 1 2 1A AR AR EL R B PR, XTI IR I I AR 37 e A 2R 5

RN AR AT 1 S I B
E&ME

JRHE 2K AR B E 34 (NO. 51175060, 51575080) %% Bl i

SE

(1]

(2]

(7]

(8]
(9]

Ghajar, M. and Darabi, J. (2014) Evaporative Heat Transfer Analysis of a Microloop Heat Pipe with Rectangular
Grooves. International Journal of Thermal Sciences, 79, 51-59. https://doi.org/10.1016/j.ijthermalsci.2013.12.014

Khan, T.S., Khan, M.S., Chyu, M.C., et al. (2010) Experimental Investigation of Single Phase Convective Heat Trans-
fer Coefficient in a Corrugated Plate Heat Exchanger for Multiple Plate Configurations. Applied Thermal Engineering,
30, 1058-1065. https://doi.org/10.1016/j.applthermaleng.2010.01.021

Farahani, S.D., Kowsary, F. and Jamali, J. (2014) Direct Estimation of Local Convective Boiling Heat Transfer Coefti-
cient in Mini-Channel by Using Conjugated Gradient Method with Adjoint Equation. International Communications in
Heat and Mass Transfer, 55, 1-7. https://doi.org/10.1016/j.icheatmasstransfer.2014.03.004

Liu, Y. and Gehde, M. (2015) Evaluation of Heat Transfer Coefficient between Polymer and Cavity Wall for Improv-
ing Cooling and Crystallinity Results in Injection Molding Simulation. Applied Thermal Engineering, 80, 238-246.
https://doi.org/10.1016/j.applthermaleng.2015.01.064

Liu, Y. (2015) Heat Transfer Process between Polymer and Cavity Wall during Injection Molding. Chemnitz Univer-
sity of Technology, Chemnitz.

Liu, Y. and Gehde, M. (2016) Effects of Surface Roughness and Processing Parameters on Heat Transfer Coefficient
between Polymer and Cavity Wall during Injection Molding. International Journal of Advanced Manufacturing Tech-
nology, 84, 1325-1333. https://doi.org/10.1007/s00170-015-8021-2

HIHE, fREny, £, 85 FtEREHOT S HARAE 2 FLA BT A XA S mI[T]. RIERE TR 2244, 2015(2):
119-126.

Xets, THETE, B&. BIEAUE I REAEEET T[T]. TR K 2R, 2009, 38(3): 476-480.
e, fan, WCE, SE AR R A R S EE A ], N T T, 2013, 42(19): 15-18.

[10] RN, FHodE A 2 A3 e 1 BB B 72 [D]: [t Aie 3], R Wb Tl oK%, 2007.

[11] FER. FERAREZ L 58 BqET 7T [D]: (22 Arig ], RiE: KER TR, 2014,

[12] BeEUE, Prie, b BEEE sk - MR AR/ Emwt[r]. TREEREINATL, 2016, 44(3): 54-59.

[13] Nguyen-Chung, T., Jiittner, G., Loser, C., et al. (2010) Determination of the Heat Transfer Coefficient from Short:

DOI: 10.12677/app.2018.85025 214 I EEY/BEH


https://doi.org/10.12677/app.2018.85025
https://doi.org/10.1016/j.ijthermalsci.2013.12.014
https://doi.org/10.1016/j.applthermaleng.2010.01.021
https://doi.org/10.1016/j.icheatmasstransfer.2014.03.004
https://doi.org/10.1016/j.applthermaleng.2015.01.064
https://doi.org/10.1007/s00170-015-8021-2

KPR 4

Hots Studies and Precise Simulation of Microinjection Molding. Polymer Engineering & Science, 50, 165-173.
https://doi.org/10.1002/pen.21536

[14] Ilkhchy, A.F., Jabbari, M. and Davami, P. (2012) Effect of Pressure on Heat Transfer Coefficient at the Metal/Mold
Interface of A356 Aluminum Alloy. International Communications in Heat & Mass Transfer, 39, 705-712.
https://doi.org/10.1016/j.icheatmasstransfer.2012.04.001

[15] Tt REWRATSEIE K FE ML AERR[D]: (A2 00832). A A K2, 2003.

1
Hans Xt
PR 2R BT 2
1. FTHF%0M T http:/kns.cnki.net/kns/brief/result.aspx?dbPrefix=WWJD

TRIFIFRAELESE: [ISSN], FAIAT) ISSN: 2160-7567, EPAJ £ if

2. FTHEIME T http://cnki.net/
FEN I BROCRREE” BEN, BN SCERRE, B i)

WhaiE A . http://www.hanspub.org/Submission.aspx

HATIMEFE: app@hanspub.org

DOI: 10.12677/app.2018.85025 215 I EEY/BEH


https://doi.org/10.12677/app.2018.85025
https://doi.org/10.1002/pen.21536
https://doi.org/10.1016/j.icheatmasstransfer.2012.04.001
http://kns.cnki.net/kns/brief/result.aspx?dbPrefix=WWJD
http://cnki.net/
http://www.hanspub.org/Submission.aspx
mailto:app@hanspub.org

	The Study of Convective Heat Transfer Behavior of Polymer Melt in Micro Injection Molding
	Abstract
	Keywords
	聚合物熔体充模流动中的对换热行为研究
	摘  要
	关键词
	1. 引言
	2. 实验原理与测量
	2.1. 实验原理
	2.2. 实验设备及材料
	2.3. 测量方法
	2.4. 实验工艺参数

	3. 数值模拟
	4. 实验测量结果及分析
	4.1. 聚合物材料不同时的对流换热系数
	4.2. 不同型腔深度时的对流换热系数
	4.3. 不同型腔表面粗糙度时的对流换热系数
	4.4. 熔体流动距离不同时，对流换热系数的实验与模拟

	5. 不同参数耦合作用对对流换热系数的影响
	5.1. x和ε变化对对流换热系数的影响
	5.2. d和ε变化对对流换热系数的影响
	5.3. d和x的变化对对流换热系数的影响

	6. 结论
	基金项目
	参考文献

