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Abstract

Respiratory infectious diseases seriously threaten human health and
public safety, and interactive human movement can significantly affect the
spread of respiratory infectious diseases. This thesis aims to elucidate the
influence of interactive human movement on the transmission mechanism
of respiratory infectious diseases and research on critical scientific issues,
such as the airborne transmission mechanism of respiratory infectious
diseases, airflow characteristics of interactive human movement, the
impact of interactive human movement on individual exposure and regional
risk, multi-person interactive movement airflow, and regional dynamic
risk assessment. The impact of interactive human movement on the
transmission mechanism of respiratory infectious diseases was revealed. It
provides theoretical guidance and primary data for formulating control
strategies for respiratory infectious diseases. The main contents are as
follows:

A research method on the influence of interactive human movement
on the transmission mechanism of respiratory infectious diseases was
established to provide tools for studying the transmission mechanism in
dynamic scenarios. A full-scale experiment platform for interactive human
movement and a transient measurement platform were constructed.
Multi-attitude three-dimensional numerical respiratory human models
were constructed. A computational fluid dynamics (CFD) method for the
interactive human movement was established. The research method of the
influence of interactive human movement on the spatial and temporal
distribution of indoor risk was established. They provided tool support for
comprehensively studying the influence of interactive human movement on

the airborne transmission mechanism of respiratory infectious diseases.
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The typical airborne transmission process of infectious substances
along the “patients’ respiratory tract-air-inhalation of susceptible people”
was explored. Considering the infectious source characteristics, the
differences in exhalation and diffusion characteristics of infectious
substances from different parts of a patient’s respiratory tract were
quantified. It was found that the virus released from the larynx might
cause a higher exposure dose in indoor environment. The respiratory
exposure risk of susceptible persons was found to be dominated by
aerosols both in the short-range and long-range airborne transmission
routes. The long-distance airborne transmission risk was clarified as non-
negligible. These findings provide theoretical support for studying the
airborne transmission mechanism of respiratory infectious diseases in
dynamic scenarios.

The airflow characteristics of interactive human movement and its
influence on respiratory infectious diseases’ transmission were revealed.
The mechanism and differences between interactive human movement’s
transient effect and continuous effect on individual respiratory exposure
were quantitatively revealed. Individuals’ respiratory exposure decreased
briefly during interactive movement, while continuous interactive human
movement increased respiratory exposure and infection risk. The
“enhancement effect” that interactive human movement leads to
expanding the high-risk area of respiratory infectious diseases was
proposed and verified. The causes and countermeasures were discussed.
The influence of interactive human movement under different interactive
distances, movement speeds, human postures, and ventilation conditions
was studied. Moreover, the airflow characteristics of human interactive
movement and its enhancement to the transmission mechanism of
respiratory infectious diseases were expounded, providing a scientific basis
for formulating safe social distancing and designing ventilation strategies
and other critical scientific issues.

The multi-person interactive movement’s characteristics of wake
fusion, strong indoor convection, promoting long-range airborne

transmission, and expanding high-risk areas were revealed. A regional
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dynamic risk assessment method was established for multi-person
interactive movement scenes. It was found that the number and the
location distribution of moving people significantly influence the indoor
airflow field and the spread of respiratory infectious diseases. The particle
size range of the “enhancement effect” was expanded. It provides technical
guidance for risk assessment of respiratory infectious diseases in crowded

places and developing control strategies.

Keywords: human safety; respiratory infectious diseases transmission;

personnel exposure; interactive airflow; risk assessment
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fiiy
>
0

gk
WA 45 Bk FEBH
SRR PR TS He[E Cambustion Inc. &K 42 35 Bl & 5~1000 nm, fiz 5 K
DMS500 FEAZE N 10 Hz, i &~ 8 L/min
e H e 7% i 70 GRIMM Inc. . MR A2 TG R 0. 25~32 pm. 5 &5 KB
v IR R Y FH 1 ne. &R VE N pm s Bz R B
GRIMM11-A %ﬁ?ﬁﬁ? Hz. &~ 1.2 L/min
S R A % [E GRIMM Inc. , A] 72 42 R 48 8 5~200 nm Y NaCl 5 i
GRIMM?7811 T 7 A% 4 A AR BT A 43 A L {4 20~50 nm

FEIR AL S1100

MR EEEEIITHRMA AL PR ETE RN 7.5 L/min
(£0.15 L/min) , IE5Z P 4368 15 ¥ /min(£0. 1/min)

Z AL 7% 403H YL 10 BR 297 B 45 A3 A PR A AL B 10 L/min
LR -03, BN 0. 10~4. S
R 4 S Hfli Ka‘nomax Inc.,f/ﬁ?0965‘ 03, 5N 0.10~4.99 m/s
SrPEEI 0,01 m/s. REESIH S 10 Hz
2 i WA Kanomax Inc. , 815 6242-1550, 7] 32 i if [7] 45 I 4

2.3 FEXWIFEEIHNIN
() MEMZHL S1100; (b) KWWK A% GRIMM7811; (o) 44K K42 3#%1 DMS500;
(D) BORALAZRTEI GRIMMI1-A; (e) Z54b4a% 403H; (D BRI L ; () £ 8L
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2.2.2 ZEHREITHHEARBL

ZNS I o SR PN 1 W N B =) LR a0 N Yl R o PO LA 2
W T8 AL Y i AL 4G e LB . T B3k B 4 0ot T A AT BRI L B
AR T e B L DX B S DT AR o 19 3 9 S 0, R 8 I S A4S 4 A4S T
OBFSZ TS s OMETFW RZEBES LA, OFENRGBS LA @%F
oA DX 3 XU 728 Ak 55 v AU, DX B Al . N B 3¢ B2 2l S 0 T i 5 R R 4
K 2.4 TR,

RE D L
BRI T =
an] T, B s "
BRI | I RN
‘ R B  —) | BEEL
xuen| | —— Y YT T

4 ZH XX
625 4k 5 5 IR
6 X BRIl

SHBAR
RERE

e L i 3 E":‘: = R sy 2 [ i USRI
BAWE, s W) © WEWBIOLGERASE ) o e o

> BEMETA 2 AT NIERE T By AR
ok L TR

B 24 ARXEEHIHRGITERRELE

MM R B8 3 L5 & Ga s B & S BESEF- 5) . 5 et
FEAT IR BN B 58 HL32 B0 55 vh B IR 28 R O 0 I R DX Y A IR
W E AR AL, URS B i A N B3 52 B2 By 0 A 1R IR 1 2 5 1Y 52 e KL A 5 2% T )
A2 HL3& Bl B 5 3 Bt i — 20 0T RN B A8 L as B X w4 s ) Y
Wik 25 52 W AIF S o I 2R 96 T B DURR D5 ik F 72 28 P X3RS 22 Ak

TEMT 5878 o5 Y0 5 AR e 1 b AR TS h i o, BT 1 5T iy
AN B3 58 B3z Bl 25 O AR IR 5 A IR I 2 R AL B I B 1 = N 2 R
AR DX KU B A L TR AR T 51 58 .32 2l % WP IRGE 1% G i 28 AL 7% AL
AR

HHRAWFM L AL SR A S mHmT . OB T
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T A BT XS IR GE £ e 25 SRR LA SEIR PR R 2 E TS5
SRy BRI 53 538 sz gl il A TR A PR SE 301 253 5% 0 W3 A% e 4 4R L EE
AR EE IR @ UL E . BRR R B R I B AR R A
AL HAE B 5 T RAT HSE AR IE S A RONBE L BER A s B 4D L S HY
NRAZHIB S IFLR5 5 08 T WP N APREON il KUAE R TR ABESE N A
AEHI B G I % NI A L BT 5 52 LAz gl X 0 E A% i 4
FER LR 5 O A4S S5 AT 5T R X T I B 4% 2 P 0 A% i 7E 3
SYRN =BV EA L ES S M E. A B L SRS
i T3 S B O A SR S AR AT AR Z R R R R A R T RS 5
S P R 3 e =5 AR AR LA T

2.3 ARXEEBEHHERMTE

BEH AL RE R K L L CEFD J7 36 0 AU B BUE AU 15 I B AT A
AR FEMJE T R AR E R W SF LA S8 B T E NS T
W3 A% G AL 3 O B9 . E N B2 A8 HLIE B i B 58 v R e RO PR A
TP CFD 155 9 8 5L Al A D3 52 .32 2y 1) 52 3 R 45 5 3 1) i O A 2 2
P32 MR 1Y N D332 BB S B B2 SR A DG Bl BRI, AR T AR
OZBE =B E N E; QLR N R L HIZK CFD 3 M%7
% QW H B R 507k

2.3.1 B3 RE=ZEHAAAKRERMZE

NARTE 35 25 5% W) N 5432 3l (9 S0 R AIE 55 %6 4% Y 0 T 37 1% 52 ) B A3
PRI o A 45 1 S i) i B A B0 S IR 38 5 W W s 1 = 4 50 (E N AR A A
R JE SR SRR . BUE N AR TR () R i B A S AR A — R AR
SEARGR A JUART S5 48, — 08 AT 5 0 W s S A0 38 (1T By S P MIGGED

B ALY (4 K T TL Al 25 04 i AR IBOL BRANTR « o A O = 2 43 4400 [
EAEANR LA 4 R ST N Newton #5475 £ 4 , i 1 il & 19 4% 14 98 47
Je A B, G A B AR BB N AR AT 8 A8 5 T b e R N A R ) A2
AAME G5 AL 35 T TUE S AR A0 T A AR R b A A R B
AR NIRRT A AR B YRR BEA T B AR AL Dl %
NRBERL, @A NRBEARL, @iz s AMRB AL, $t 4 A, 53 5 4 5 P01~
PO4, A 2.5 s,
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[Tk e
> &

IR A4 5

W i

IEm

(b
R T A4
K
] PR
Ef W Ef

|
|

AR Z BEY N 1.7 m KT JLAT 2549 #4158 F Newton R IF I 34
ST RO AR H5 iz g R A sy O i &, Hoh O R S g R A 0. 618 ~
7.1 em® P IR Bt 907 BT 5 F b s PR S 23 T
HAFERWSD TFARAESY S B EEIBIG . 4 4 AR BRI 5
L/

(1) % NARBEARL POL . w28, ELAT &R 40 757 5 50 5 0 0 18 45 44, mT A
PO/ B0, i AL 1. 68 em® . PRIEGGE SR 40 i 1 2 R AR O & . 1
i W I SAF S RRE 15 H(GL~GHH P,

(c) (d)

B 2.5 SES=ZHHENGER
(a) PO1 BE#; (b) P02 B (o) PO3 AL (d) Po4 FiAY
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(2) BHZNARRAL PO2 . i % KT 250 T L 1 i 75 Pol AR,
TC I 1 3

(3) AL NARBERL PO3. Ar ¥, ik 10 S 3 FL, JCWF W 3& , 11 1 AL
1.68 cm”,

(4) 3B NARRERS PO4 . 3k %, fai Ak O Bl Bt JCF s , 5 88 A 51z
Sk R AR R E R 4. 73 em®

JFJE CFD H 8 B, ffi F§ ANSYS ICEM 4 % 5 {8 N\ AR A5 59 53 47 b
L T HUE Y b 5 ROAR A B ] ANSY'S Fluent #0005 8 2 7560
I A A A

2.3.2 ANRZiEZFH CFD 3 M#&7 ik

TEN 258 B 38 3y B B E B 0L 2o A o s BB B 3 3l B HG X6 S0 1Y) 5
B— A AME S . CED H Y 3l P& 85 A (dynamic mesh model) 2% A & X
155 A Y 8 Bl i O B W AR 4 32 B, W] R SR AL R TR AR sl A
32 B S BOROY R B I ) A A L % ik T S P 49 B 5L 8
32 B E AT B B3 101012

B A% J7 1 (A A% 0 B R TR A ) A2 B B0 A% 2 Bl 1 5 = B
R 7 k. B A O vk R R R T B O vk B A 6
(smoothing) . M #% B 44 J5 I (remeshing) 5 #1543 )2 J7 ¥ (layering) . A& 43
) 1 = A RSO N AT 3% 1 40 1 R AR B RS S5 A 2 2% IR, 2R
KOG T5 v 5 A% B4 5 ik 64T 2l I AS 14U

SN Ty 2 S He it 1 2 A 5 s, F2 25 T/ NS TE HAE AR B o A vh
K& RN R RN KA 5 . FEABE ANSYS Fluent #F:
AT =G . R T BT (spring-based) . § OB (diffusion) |
28 PR S PE [ K (linearly elastic solid) , A WY WIF 9% 358 FH 58 5% 50T fBL 6 I 2%
W T i ) B A RE AR O T R D) A A R AR A 5 R o AR A ) A o A T
BB, WS F, WA

F, =2k, Az, — Ax)) (2-1)

A A, B A, KN BARAR BORERE s 0, KA M
SRR by, RBRRIEE XN

kfac
b, —— (2-2)

ij
Y. ‘1'1‘ —; ‘
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Kk, AATBEEN spring constant factor 4L,
YT AL T ARSI A R A R A N 0L A

E/eij (Ax, —Ax,)=0 (2-3)
J
P e A B0 B A AR AU R A
Dk, AL
N (2-4)
2k

SRR AT A TR E 0 EESHCR 3 W ORI R
(spring constant factor) s BUEE [ 0~ 1, BUELER K, 52 M 38 [FlBR T, ZE A%
BRI EFBEE R 0.7; QIS (convergence tolerance) , 7E A 45 i) 1T
FARE N 0.001; @QFEIRE(number of iterations) , B B 3B 7 B3R
fiff (1) 2% AR UE FEA 1B T W A6 (B R B O 20, 78 T R AR 4l Wi ST
WRHE

) A ) T % 2 — I R A DA B0 B0 Y Bl A T 1 R AR e R A
T GALA AR v 4R 5 W D A BT o, 0 B IR TR A AR O R AT R R 4
FESZBR R, PR FE RS 5k R T AR S5 A S (= AT L DU AR AR
It Haw 500y g w782 ANSYS Fluent 34 rp, M 5 Fh K k%
B OQFEM N IC (local cel); QFEMAEHIA L =HF
TH M #% (local face) ; QT A4 5 32 2h 371 5 4H 2B A9 10 W #% (region face); @&
) 4505 DX 38 1 190 445 BT LA K2 TG ) A% Ccuteell zone) s @ B 3D X 38, A (1 4%
HIZHIC(2.5D) . FEAR B IHE P B G local cell 55 local face J7 ik
SEEL Bl RA% A

Mk A T EREN S EEATH 5 W, O /Mg R
(minimum length scale) , 54 1 P& 5/ ST KT E AR ;. @ KRS R
“F (maximum length scale) , 54 {4 (% f KR /NTF 3 BE(E s O B KWK
ERHE (maximum cell skewness) , 24 % 7B £} B #5358 (8 B, P#% 2 9k
HA s @ f KT S B RHE (maximum face skewness) o >4 T 9 4% 78 &} 22
iof U A, A S, HA TR0 local face EI BT A 8 G s © M
#% B 14 [8] B (size remeshing interval) , JI T 6 sh A iR, & -
RAE BT L 38 1 Mesh Scale Info Hj g 38 HU 24 Fif 9 4% A5 784 A9 e R A% R )
/NIRRT R R A TERHE S35 BAE N 2% . TEAR B E T, 3 Mg
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