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Abstract

To quantify the thermal insulation capacity of thermal insulation fibers, this study first constructed
a multi-dimensional evaluation framework encompassing physical property indicators, environ-
mental adaptability indicators, and human comfort indicators. After collecting sample data with no
missing values or duplicates, box plots were employed to visualize the data distribution character-
istics. Subsequently, a comprehensive evaluation model was established by integrating the Tech-
nique for Order Preference by Similarity to an Ideal Solution (TOPSIS) with the entropy weight
method. Through a series of standardized procedures—including data normalization, calculation
of indicator entropy values and weights (the filling performance indicator obtained the highest
weight, while the thermal conductivity among physical performance indicators had the lowest
weight), and determination of positive /negative ideal solutions—the comprehensive evaluation in-
dex of each fiber sample was derived, followed by performance ranking. Furthermore, based on the
heat conduction theory and in combination with the intrinsic properties of polyester fibers, a math-
ematical model describing the relationship between fiber microstructure and thermal insulation
capacity was constructed. The analytical results revealed that the thermal insulation capacity of fi-
bers is positively proportional to the square of fiber diameter and inversely proportional to fiber
length, which was validated via numerical simulation. Additionally, the study emphasized the reg-
ulatory effects of practical application factors, particularly filling density, on thermal insulation
performance.
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Table 1. Multi-dimensional indicators
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Figure 1. Box plot of performance metrics
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Table 2. 15 sample original matrices
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(K'm¥W) (W/(mK)) (W(mK)) (FLEHN) L&) (EEH) (EEH) (EEH)
1 itk 0.112 0.042 0.043 82.3 83.5 81.8 80.2 78.6
2 B 0.074 0.058 0.059 56.8 55.2 56.3 57.6 57.2
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3 Tt 0.081 0.055 0.056 60.7 59.1 60.2 61.7 61.1
4 fiE4 0.114 0.041 0.042 83.9 84.7 83.3 81.5 79.9
5 ER51 0.118 0.039 0.040 86.9 87.3 86.4 84.8 83.2
6 [ PET 474 0.113 0.042 0.043 82.8 83.2 82.2 80.6 79.0
7 A 0.109 0.043 0.044 80.7 81.9 81.2 79.0 77.4
8 b3 0.069 0.061 0.062 53.0 51.4 525 53.9 53.3
9 Fet 0.098 0.047 0.048 73.4 71.8 72.9 74.3 73.6
10 [B[I5C PET £F4E  0.083 0.054 0.055 62.3 60.6 61.7 63.2 62.5
11 fiEe 0.089 0.051 0.052 66.5 65.0 65.9 67.4 66.6
12 L 0.087 0.052 0.053 64.8 63.3 64.2 65.7 64.9
13 [EU PET £F4E  0.096 0.048 0.049 72.1 70.5 71.6 72.9 722
14 B2 0.120 0.038 0.039 88.4 88.8 87.9 86.3 84.7
15 wa 0.085 0.053 0.054 63.9 62.2 63.3 64.7 64.0
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Table 3. Table of calculation for the weight of some indicators

3. BoERRETER

15 S 1E =B AME
T BUE (%)
e d
YRR FE bR _FABEME 0.954 0.046 10.03
HEEIE MEFR bR PRy 0.945 0.055 11.937
HFVERRFEbR_1T 4 0.923 0.077 16.796
CLO @M A% 355 0.931 0.069 15.059
EPEMEVE Y 0.932 0.068 14.721
R AT BV 4 0.942 0.058 12.617
YRR TR _ 3 R 0.956 0.044 9.621

DOI: 10.12677/aam.2026.151032 331 N H it e


https://doi.org/10.12677/aam.2026.151032

HO
a
$
4B

JERCE A T S 4 SR o, R REFE AR FAPHAE MIALE N 10.03%. IREEIEMPEFR bR _VE /AL E
N 11.937%. HHFEMERETR R PR AL N 16.796% CLO fE3E MR P IALE N 15.059%. FFiEME
P IALE N 14.721% R AR I VE PR AL 12.617% PIEEPERE TR bR #T REUIBLE N 9.621%.
VYL RE R AR TR IR N 9.219%, AR 4R bR AE S K VI 7 REFRAR_TF90(16.796%), H/IME N
VIR RRAR AR _ T HE(9.219%) .

Table 4. Partial calculation results of the TOPSIS evaluation method
5 4. ¥4 TOPSIS FEANEITEER

RilE IEFRARMRIE B5(D") B AR A EE 25 (D) LR TREL G958
fabr_1 0.47168838 0.69383586 0.59529938 17
fabr_2 0.68475051 0.54870843 0.44485342 75
fabr_3 0.64547409 0.59264785 0.47866679 63
febr_4 0.45333697 0.64338973 0.58664545 22
febr_s 0.42844216 0.68565566 0.61543578 11
fabr_6 0.46968647 0.68428324 0.59298198 19
febr_7 0.49953347 0.70915608 0.58671482 21
fabr_8 0.71538849 0.40481717 0.36137754 94
fa¥5_9 0.52771186 0.64035207 0.54821663 35
fabr_10 0.61653051 0.56407443 0.47778424 64
fabr_11 0.64483472 0.68536072 0.5152331 45
FEbs_12 0.62893279 0.63883761 0.50390639 49
kR 13 0.53642413 0.61606411 0.53455132 39
febr_14 0.42405903 0.75507964 0.64036543 7
bR _15 0.61524338 0.52205943 0.45903292 71
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Table 5. Display some intermediate values
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T 1E B AR M7 fEAR AR
YIEEYE R FE bR _FABHAE 0.99998866 0.00001134
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Figure 2. The diagram of the relationship between the heat flux and the diameter of the fiber with different lengths
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