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Abstract

This study investigates the relationship between volume fraction and thermal conductivity of low-
density polyethylene (LDPE) powders with particle size ranges of (500~800) pm and (800~1000)
pm using an improved thermal probe methodology. A novel measurement apparatus and cor-
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responding algorithm were developed to enhance measurement accuracy. Experimental results
demonstrate that the effective thermal conductivity of LDPE powders at different volume fractions
falls within the bounds predicted by the Bruggeman model and Maxwell-Eucken model. Specifically,
for powders with volume fractions in the range of [0.35, 0.59], alinear regression model was estab-
lished to characterize the effective thermal conductivity, showing good agreement with experi-
mental data.
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Figure 1. Schematic diagram of the probe structure: (1) K-type thermocouple; (2) stainless steel
casing; (3) heating wire; (4) thermal conductive silicone grease; (5) epoxy resin
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Figure 2. Block diagram of the measuring circuit
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Figure 3. Measurement result of thermal conductivity of LDPE powder: (a) with t as the horizontal coordinate; (b)
with Int as the horizontal coordinate
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Figure 4. Measurement result scanned with an interval width of 0.5
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Figure 5. Measurement results of the thermal conductivity of glycerol
at different currents
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Figure 6. Measurement results of the thermal conductivity of LDPE
powder with different particle sizes and volume fractions

B 6. TRIRIEZEMAIRTHAY LDPE MR MRS ENNELERE

ME R LLE Y, B K5 2R IR AR B, B S AR BCR B n, 302 RO AR 4
B S8 ST G WE K, RN SRR D TIREER G, SRR ASHRAEEN. 5
— 7T, ARAR S B B 0 AE A B 5 0 UKL 5 UKL 2 [R] PR E s o, o] 5 [T A ) A G b A RO
3G, EAREFHRAEEK.

IR, R4S B /N DR R AT LIS BB K AR 0 4, PIROR R TEAR AT 0 0.41 2 0.45 BFAFIERCAE,
HAELEXEARSFREFHESE.

H SIZI6 I 45 R 5 R R FRARAER[17] [18]. Maxwell-Eucken [ 19147 DL & Bruggeman [20]#5 5 347

DOI: 10.12677/app.2025.155051 459 I EEY/BEH


https://doi.org/10.12677/app.2025.155051

AR 5

THE, il 7 R

0.25 T
Maxwell-Eucken|
Series
— Parallel
Q 0. 20+ Bruggeman
8
% 0. 157
ﬁ
X0. 107
4
I
0. 051
0.3 0.4 0.5 0.6 0.7
(LN

Figure 7. Comparison of measured data with theoretical model
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Figure 8. Linear fitting chart of experimental data

8. SLIHIEHLMIUSE

WMETENK 12

DOI: 10.12677/app.2025.155051 460 I EEY/BEH


https://doi.org/10.12677/app.2025.155051

AR 5

A =0.1927-0.013 (12)
5. &t

AR SCARE 3 T R EE I AR 0 AN R KA DA R AS [RIARAR 20 350 (IG5 P 5% £ M ¥ R (LDPE) A5 R4
FEPAT TIE, CEE IR IR E BT TR, R R = B R EAT T b,
DIk 2R VERY B i 2 52 5. X% LDPE #RSEEe IR 8, LDPE #ioRKA B 3 3 b E A 0 5L
(g N N, EURCAR BN R R T DU B R AR 7 4, AT BV SR I A RS 3, K12 R(500
pm, 800 um]FH(800 pm, 1000 pm] R FR RAEABFR /3 808 0.41 & 0.45 BIAAAERCER, A BT TH
B E AR RAEAARA 72 H0h 0.32 £ 0.59 I A RS R LB A7 18 2, =0.192n—-0.013 30K,
Aoy NEBAGTE, n NEFSE

EL£mAB
2022 F RV p R R R B HE WAL 0 I H (22ZHIY YBO0S).
SE 3k

(1] 4, RU A SUORE WA R ROBT 7 SN T R (0], & b REE A 5 REHT, 2025, 54(1): 86-89.
[2] Breitkopf, C. (2024) Theoretical Characterization of Thermal Conductivities for Polymers—A Review. Thermo, 4, 31-
47. https://doi.org/10.3390/thermo4010004

[3] Wang,J., Hu, L., Li, W., Ouyang, Y. and Bai, L. (2022) Development and Perspectives of Thermal Conductive Polymer
Composites. Nanomaterials, 12, Article 3574. https://doi.org/10.3390/nan012203574

[4] Ouyang, Y., Bai, L., Tian, H., Li, X. and Yuan, F. (2022) Recent Progress of Thermal Conductive Ploymer Composites:
ALOs Fillers, Properties and Applications. Composites Part A: Applied Science and Manufacturing, 152, Article 106685.
https://doi.org/10.1016/j.compositesa.2021.106685

(5] ELR. JVEPIEE POSS BUEANKIRL RS R 2 A5 A R il 2 S R REWE 7T (D): [ t-22 4018 50). Jbat: denith

T K%, 2024.

[6] Zzif =SS TEE O RYCE MR H] & K AR R 7 [D]: W20 52]. dbat: FER IR,
2024,

[7] fEZfh. T A1203 ook r S IIAEM IR E A AR & SRR 7T [D]: [l 24008 30, BTN W TR
22023,

[8] R, Tk, akikik, 2. AERENINGE R B AT ], B EE, 2016, 42(6): 29-32.

[91 Zhang, H., Zhao, G., Ye, H., Ge, X. and Cheng, S. (2005) An Improved Hot Probe for Measuring Thermal Conductivity
of Liquids. Measurement Science and Technology, 16, 1430-1435. https://doi.org/10.1088/0957-0233/16/7/004

[10] Chudzik, S., Grys, S. and Minkina, W. (2009). The Application of the Artificial Neural Network and Hot Probe Method
in Thermal Parameters Determination of Heat Insulation Materials Part 1—Thermal Model Consideration. 2009 [EEE
International Conference on Industrial Technology, Churchill, 10-13 February 2009, 1-6.
https://doi.org/10.1109/i¢it.2009.4939511

[11] Pilkington, B., Goodhew, S. and de Wilde, P. (2010) /n Situ Thermal Conductivity Measurements of Building Materials
with a Thermal Probe. Journal of Testing and Evaluation, 38, 339-346. https://doi.org/10.1520/jte102636

[12] Szymczak-Graczyk, A., Gajewska, G., Laks, I. and Kostrzewski, W. (2022) Influence of Variable Moisture Conditions
on the Value of the Thermal Conductivity of Selected Insulation Materials Used in Passive Buildings. Energies, 15,
Article 2626. https://doi.org/10.3390/en15072626

[13] Klemens, P. (2013) Thermal Conductivity 14. Springer.

[14] Blackwell, J.H. (1956) The Axial-Flow Error in the Thermal-Conductivity Probe. Canadian Journal of Physics, 34, 412-
417. https://doi.org/10.1139/p56-048

[15] Witharamage, C.S., Maddumage, M.M.B.S. and Weragoda, V.S.C. (2018) Determination of Thermal Conductivity of
LDPE Using Dual Hot Wire Probe Method. 2018 Moratuwa Engineering Research Conference (MERCon), Moratuwa,
30 May-1 June 2018, 259-263. https://doi.org/10.1109/mercon.2018.8421899

[16] Bioucas, F.E.B., Koller, T.M. and Froba, A.P. (2024) Thermal Conductivity of Glycerol at Atmospheric Pressure

DOI: 10.12677/app.2025.155051 461 I EEY/BEH


https://doi.org/10.12677/app.2025.155051
https://doi.org/10.3390/thermo4010004
https://doi.org/10.3390/nano12203574
https://doi.org/10.1016/j.compositesa.2021.106685
https://doi.org/10.1088/0957-0233/16/7/004
https://doi.org/10.1109/icit.2009.4939511
https://doi.org/10.1520/jte102636
https://doi.org/10.3390/en15072626
https://doi.org/10.1139/p56-048
https://doi.org/10.1109/mercon.2018.8421899

AR 5

[17]

[18]

[19]

[20]

between 268 K and 363 K by Using a Steady-State Parallel-Plate Instrument. International Journal of Thermophysics,
45, Article No. 52. https://doi.org/10.1007/s10765-024-03347-x

Woodside, W. and Messmer, J.H. (1961) Thermal Conductivity of Porous Media. I. Unconsolidated Sands. Journal of
Applied Physics, 32, 1688-1699. https://doi.org/10.1063/1.1728419

Godbee, H.W. and Ziegler, W.T. (1966) Thermal Conductivities of MgO, Al2Os, and ZrO2 Powders to 850°C. II. Theo-
retical. Journal of Applied Physics, 37, 56-65. https://doi.org/10.1063/1.1707891

Qiu, L.,Du, Y., Bai, Y., Feng, Y., Zhang, X., Wu, J., et al. (2021) Experimental Characterization and Model Verification
of Thermal Conductivity from Mesoporous to Macroporous SiOC Ceramics. Journal of Thermal Science, 30, 465-476.
https://doi.org/10.1007/s11630-021-1422-7

Ordonez-Miranda, J., Ezzahri, Y., Joulain, K., Drevillon, J. and Alvarado-Gil, J.J. (2018) Modeling of the Electrical
Conductivity, Thermal Conductivity, and Specific Heat Capacity of VO2. Physical Review B, 98, Article 075144.
https://doi.org/10.1103/physrevb.98.075144

DOI: 10.12677/app.2025.155051 462 I EEY/BEH


https://doi.org/10.12677/app.2025.155051
https://doi.org/10.1007/s10765-024-03347-x
https://doi.org/10.1063/1.1728419
https://doi.org/10.1063/1.1707891
https://doi.org/10.1007/s11630-021-1422-7
https://doi.org/10.1103/physrevb.98.075144

	热探针法测量LDPE粉末有效热导率的研究
	摘  要
	关键词
	Research on the Measurement of the Effective Thermal Conductivity of LDPE Powder by the Hot Needle Probe Method
	Abstract
	Keywords
	1. 引言
	2. 测量方法
	2.1. 热探针法原理
	2.2. 测量装置
	2.2.1. 热探针
	2.2.2. 测量电路

	2.3. 测量数据线性区的判断
	2.4. 测量装置的标定

	3. 样品制作
	4. 测量结果
	5. 结论
	基金项目
	参考文献

