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Abstract

This paper explores the inverse problem of optimally determining the porosity of tex-
tile materials based on a two-dimensional dynamic heat and moisture transfer model
tailored for fabrics. Initially, an existing two-dimensional dynamic heat and moisture
transfer model for fabrics under low-temperature conditions is refined by adjusting
its boundary conditions to the second-type boundary conditions, enhancing its realis-
m. The finite difference method is utilized to solve this refined model. Furthermore,
based on this two-dimensional heat and moisture transfer model, an inverse problem
is formulated with the aim of optimizing the thermal insulation and moisture perme-
ability of clothing under low-temperature conditions. A mathematical model for this
inverse problem is constructed using the moisture permeability index, and is solved
through the application of the Particle Swarm Optimization (PSO) algorithm. Lastly,
numerical examples are presented, comparing the results obtained from the PSO al-
gorithm with those derived from the exhaustive search algorithm, thereby illustrating

the effectiveness of the proposed algorithm.
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Figure 1. Human body-fabric-external environment
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Figure 2. The three-dimensional schematic diagram of clothing is simplified
to the two-dimensional schematic diagram of clothing components
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Table 1. Particle swarm optimization algorithm
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Table 2. Example 1: Wool parameter coefficient
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Table 3. Example 2: Parameter coefficient of polypropylene
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Table 4. Parameter selection in control equation
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Figure 3. The optimal porosity convergence curve of two different materials, with wool on the left and
polypropylene on the right

3. PR R FLBR SRS £, N R, AN RN

B (15)-(17) 7 & I FRIUR 2] (1)-(3) B A IR Z & T

(Caea)ijl_l =(1—2ry —2r3) (Caga)f,n +r ((Caaam);:—l,n + (Cagaz);c—l,n>

k k k (18)
+ 73 ((Casaz),m+1 + (Caeaz)l)n_l) — Atep&y (Tg);, -
(plgl)f’:lrl = (1 = 2uy = 2us) (plgl)in T <(p15lr)f+1,n + (plElI)f—l,n) (19)
19
+ ug ((Pﬁlz)f,nﬂ + (Pz&z)f,nfl) — Ateséy (Ff)in.
TF = (1 - 2wy — 2ws) T,
+w (Tl’il,n + lefl,n)
(20)
+ws (Tllfnﬂ + Tll,cnﬂ)
At
- 0751‘ (Ff)in (&1 hp + &) -

3. R [a)R

ARG T AR AR BT (1)-(3),  DAMRBRIZIRIESAE Y H (05 H BRI SRS B K AL

DOL: 10.12677/pm.2024.1412415 147 R


https://doi.org/10.12677/pm.2024.1412415

g

FRRGE SRR, FERM TR TR ESLIE AT SR
Table 5. Comparison of two examples of particle swarm optimization with ergodics
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Table 6. Experiment 1: Wool parameter coefficient
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Table 7. Experiment 2: Polypropylene parameter system
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Figure 4. Optimum porosity of wool: Temperature change in fabric
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Figure 5. Optimal porosity of polypropylene: Temperature change in fabric
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Figure 6. Porosity of wool: Variation of water vapor concentration in fabric
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