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Abstract

Volatile organic compounds (VOC) emissions from porous wood-based panel with fractal struc-
ture seriously pollute indoor environment. In this paper, a time-fractional mass transfer model
is proposed to analyze the anomalous diffusion of VOC emissions from wood-based panel. The
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time-fractional convective mass transfer boundary condition and mass balance equation are both
developed for the first time. The finite difference scheme and the improved Nelder-Mead simplex
search and particle swarm optimization are used to optimize the model numerically. Compared
with Deng and Kim’'s model, the numerical simulation results of present model are in better
agreement with the experimental data, and the relative error Re (0.0034%) is much smaller than
that of the previous model (0.0257%). This shows that the present model can reveal better the
heavy-tailed phenomenon of VOC releases from wood-based panel more accurately. In addition,
the influences of the key release parameters on VOC emission are analyzed. The results indicate
that higher «, &, D, N and lower K, all can promote VOC emission, which can provide theoretical
guidance for improving indoor air quality.
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FEANEFAPEINGEN, 0 b A ER(MDE) A @I TER (PB), 3% 55 R 3. ZCRMIE. b
W SEAREE( 1] NIENGE ARM SF4E R IR 5T R R T . VOCs T2 AP I RE 08 HT ARG 5
FIFFRE A ERIET A AL [2] (3], Fyoxd NISAE R 26 7™ 5 (O S 52 o £ iR 2 VOCs ('8 A3
KA IS B AR 20 ARG AN R R SER S E, ARG [4] [5] [6]. BEAh, ARTFLEE REE
E R B 5 1 R A LS DI R T i 7] (8], HA RGN Z LSRN VOC HIREBULRE
ok BB . N T EEEEA AR E, HW] VOCs PR BINLE AR B A B 2 3.

FeTAL NG (O BCA O O T R AR AV A WU S A SRR P T O R . 1 4, Little
N[O VAR, DIE7R VOCs MBEE R B IR BAIAT . 2E 10k, Zhang A1 Xu [10]F]
JH ST A R A S it — 20 it 1 A% AR« Bt R 25 F8 BURRL- A AT AL VOCs ¥R #15C 3R , Deng
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A Xu [12]38 1 @SR R R IR B 70 AT A S B0 . Wang 58 N[13]81 Yang 58 A[14]8F 78 138 XU
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ARG PHFE S L SR T VOCs A& BRI N R St Zhou 5 A [23]52 H (A% iU Rt I8 T
ZALMEE B NGRETIEFE K VOCs - Su 55 N [24] WROWL A1 EE 70 # 1 AR R 2 fLEE T VOC [
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Figure 1. The physical schematic diagram of VOC diffuses from
wood-based panel in the environmental chamber
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filfiv BE T a-TRME IR, BEAh, RSO FIAIXT R ZE Re A 0.0034%, Lt Deng Fl Kim [P 1)K, 5 32
FT 86.7704%, XBRIASCEAE TSR, Fik, B B8y ge s Lo g A% 20 58 dE i Hh il 32 f5 114
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Table 1. The parameter values of models

=1 RENSHE

D [m?s] Ko Co [ng/m’] a 2 [s] € Re [%]
Deng fl Kim 8% 1.20 x 107" 5602 3.45x 10° - - - 0.0257%
A SCHERY 8.02x 107 2802 5.57 x 10° 0.7507 50 0.3827 0.0034%
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Figure 2. The concentration of a-Pinene released from PB into the cham-

ber
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Figure 3. The influence of the time fractional derivative parameter a on
the VOC concentration released from wood-based panel into the chamber
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Figure 4. The influence of the areal porosity ¢ on the VOC concentra-
tion released from wood-based panel into the chamber
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Figure 5. The influence of the diffusion coefficient D on the VOC con-
centration released from wood-based panel into the chamber

Bl 5. i BUAR D XA BITEIR PR ERA VOC RERFE

DOI: 10.12677/mp.2022.121001 7 A


https://doi.org/10.12677/mp.2022.121001

4R

Kl 5 HRTEL) 40 /BT 2T, WEEIRIEREE Y BURE D K KM R, /R, & D W R VOC WK E
AR R 2B R, KRS s IR K D sz i 205, 28 s T g k. I R R B
w1 D R NIERM A VOC R, H D FE w5 RN RET B, B D B/, NSRBI
VOC M i RIS T % .

1200
K =2802
ma
Kma =4802
1000 K =6802 ]
Kma = 8802
800
E
2 600
;3
400
50 65
200
0 , ) =
0 50 100 150 200

¢ (h)

Figure 6. The influence of the partition coefficient K,,, on the VOC
concentration released from wood-based panel into the chamber
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Figure 7. The influence of the air exchange rate N on the VOC concen-
tration released from wood-based panel into the chamber
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