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Analysis of carbon dioxide flow field and optimization design of
sensor layout in micro-pressure cabins
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(1. School of Mechanical Engineering,Guizhou University, Guiyang 550025, Guizhou, China;
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Abstract . The ventilation system is a crucial guarantee for the normal operation of high-altitude residential micro-pressure capsules. Existing
solutions suffer from insufficient ventilation efficiency and high energy consumption. To improve the ventilation performance of micro-
pressure capsules and achieve energy-saving objectives, this study focuses on two key factors affecting carbon dioxide discharge: the
positions of air inlets/outlets and the layout of sensors. A combined approach of numerical simulation and experimental validation was
adopted. A three-dimensional model and a finite element flow field analysis model of the micro-pressure capsule are established using
FLUENT software to simulate the airflow organization and carbon dioxide diffusion inside the capsule. Based on orthogonal experimental
design, 16 comparative optimization schemes for inlet/outlet and sensor layouts are developed and subjected to flow field analysis. A high-
altitude simulation experimental platform is constructed to validate the simulation results. The findings indicate that the optimized diagonal
layout of air inlets/outlets and the four-point distributed sensor arrangement enhance carbon dioxide discharge efficiency and reduce energy
consumption. This research provides a reference for the design improvement and engineering application of high-altitude residential micro-
pressure capsules.

Keywords: high altitude residential micro cabin; flow field simulation; Carbon dioxide; orthogonal experiment; layout optimization

o VA AP A e — AT L T 1 M [X
R iRiEE BH RSN H & EETRAMER, ZE N
FUA Y A5 84T AR b DX 1) G040 e mT 459 A N B2 A 4K
TR 1R DSy T e IR I, B A AR v Do 5 1 i
PRIR X AR R VR R AR S — A
% AR ZE 2 A i TN A B0 TE sl i A
At e BTV T 5, I H 4 R 3 ( GB/T 18883—2002
AR bR ) B A N A A R R R o
<1000 ppm"’  f P 5 19 — S AR B R 3 Ak B e P

5 H#A . 2024-07-15; K F H B :2024-08-30
BEETH M A AE R R B (%44 5] 1. 2023]010)

EEBN R RF(1999—), 5, MEHFR A, B F 6 B ShaeH], i f2de ),

JEAE N B A B 2 4 ) i R R DR LA — SR AR e Tk B 38
F| 1 000 ppm 75 B30 o #F HE S F e SRR AR AL ik ik
B, U AE 5 LA AR RS PR SRE AR B, B 6] 2 P41 25 1]
(35 YL B A3 ARG I Mazumdar 25§57 — 28 43 BT RS A6
LT R P T5 YRR L /A ) e S CHLRE A — 4k
B BT N AR A S B (HX SR 5T R S
YRR AR SR S T AL A AR ) = AR A AN [ 3%
R 2R N R 2 A A B ) 2 P R
BERRE I, 5T AN R KU X R 4L 8L

BIEIEE: P A1 (1976—) , F AR A BB AT @ AR AR A, T ks,

SIRARX . Z AT, Folék, AR, ¥ MEA-ALRAG IS H AHKA[T].

B E KL BN, 2026,45(3):15-21. (WU Qingzhang, LU

Jianfeng, ZHOU Hao, et al. Analysis of carbon dioxide flow field and optimization design of sensor layout in micro-pressure cabins[J]. Techniques of

Automation and Applications, 2026,45(3) :15-21.)



Hzh b3 R 5 5 H

16 Techniques of Automation and Applications 2026 4 55 45 % 5 3
A SCHFSE T B AR HE B L8 A R T 58 R A A% Jk HEA B ITRWT
A AT R 2 B 0 T PN IR 2 B 5 Y R O R Ak 7 BTN
2 IR THIE N A 3R G 1 HRTBCCR ANS 24 au; 0 (1)
FrEAEREIR R H Y, mi R U A&l 1 R, ox,
EI SR EWE )
Ju, Ju, ap 62ui
p3;+p%5g=—5;+ua%ma+p& (2)
[ REWE S|
oU oU du; du, ad aT
pg+uiaij= axjaxi+axj()\8xj)+p (3)
AR Iz T R R
d d d
g(uxc) + a*y(uyc) + E(uzc) =
(2 2o T st @)
Bl1 MEMIWERA gyt o 7

Fig. 1 Physical image of the micro-ballast
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Tab. 1 Average under different human activity modes

carbon dioxide metabolic rate
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Fig. 3 Average carbon dioxide mass fraction in the cabin volume
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Fig. 6 Improved 3D model of living quarters
AR 37 50 A 175 L, e SBCRZ A O oA 3
i) B R AL B R 5 NSRS, 3l A AL
T = B8 A THIFLIE PR 9 82, B THIFLIFE M TR /2 32, B TR FL L PR 8
JE RS, HRIESEERIE DU E A% R K, e
A THFLALE AP 7 Bizs . B iEALAZE, 4nlEl 8 Fii,

,,,,,,, ATHALSE ATHALE
& &
iz + +E
= =
= =
T =<

7 AEAME
Fig.7 A face position

BUALE BIiALSE

BIifLE
BEfLEs |

8 BEAME
Fig. 8 B face position
ARG N SEBrr EAR D, 4455 22 ¢ R0 EHE AL AL
BT, B e T 5 R AR R, 5B
R MFIRFR N3 2 Fn . WG 2 Rl RIALE T R4 &
PUG SIEA 4x4x4x4x2=512 T4,
®2 BRRARRHEKFER

Tab.2 Ventilation factors and their levels table

. FL#/mm fL5E/mm .
B - - - — RN
A Tl B 1H A Tl B
1 200 200 400 300 A T
2 800 800 717 433 BT
3 1 400 1 400 1 034 566
4 2 000 2 000 1 351 700 —
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1 1 1 1 1 1
2 1 2 2 2 2
3 1 3 3 3 1
4 1 4 4 4 2
5 2 1 2 3 2
6 2 2 1 4 1
7 2 3 4 1 2
8 2 4 3 2 1
9 3 1 3 4 2
10 3 2 4 3 1
11 3 3 1 2 2
12 3 4 2 1 1
13 4 1 4 2 1
14 4 2 3 1 2
15 4 3 2 4 1
16 4 4 1 3 2

2.3 EHHSOGCERES N

WNEIOFT 7R | J 7R 1 4% J5 28 B AR 2 — S Al e o
ORGSR AL A AR S 00, A& Rl U, 4507
SERRE NPT 1 — S AR R S BB BT AR (EL 0. 151 9%

F4 BARTERI_SMUK

BT, A T290.088 2% 54T . BAR T AN 15 4
FEBERZEFAR BT 13 78 16 DT EH ik F)
HARE , IR,

10
11
12
13 B
<14
=15
16

o)

t thtttb"ﬁthﬁriﬂr N

=

1

Uik H AR

P
SIS S Sy

SRR 53 B %
o
=

e

o
>
1

A ATTEY
o o

g 3

T

f

f

f

1

——— e

15 000 20 000

o
o
|

0 5000 10 000

I [ /s
B9 BFARMERTEHZEURRES B THEE
Fig. 9  Volume average carbon dioxide mass of

each scheme score decrease chart
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Tab. 4 Timetable for each plan to reach the target value of carbon dioxide mass fraction

WES A TFLH/mm B T FL =/ mm A TFLFE/mm B TFL3E/ mm BESALE #ipco, mENH
TREF] 0. 106 33%H /s
1 200 200 400 300 A T 7 036
2 200 800 717 433 B Ifi 5 491
3 200 1 400 1034 566 A TH 5518
4 200 2 000 1351 700 B i 5519
5 800 200 717 566 B Ifi 5725
6 800 800 400 700 A TH 6419
7 800 1 400 1351 300 B Ifi 5 541
8 800 2 000 1034 433 A T 5543
9 1 400 200 1034 700 B Ifi 5 546
10 1 400 800 1351 566 A THI 4979
11 1 400 1 400 400 433 B 6 525
12 1 400 2 000 717 300 A THI 6 060
13 2 000 200 1351 433 A T 3721
14 2 000 800 1034 300 B 5322
15 2 000 1 400 717 700 A T 6 776
16 2 000 2 000 400 566 B Ifi 6 891
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Tab.6 Comparison table of experimental and simulated values

WS T/ s KA/ s
13 4306 4524
10 5 479 5654
14 5782 5913
2 5971 6 152

FESLRG S A AN AR BB BT , AT AR5 S A < 5
¥ A3 2L TS B9 P AL el £ i 22 Btk
213 3535 BFRE R ITE S 10:15.25, BB 75. 4 min, &
Pedk 75 22 ) ik B A5 18 /9 B S 10, 21 05, 8 B
81. 1 min, A] WL MAb 7 SRR A 7 SE4ER B)_E9/0 5.7 min,
MSZE ISR AR5 1 7 8 T SE B THIE N I 4 SRR
m B Fr,

L ke

1o — kit
o — HARME (700 ppm)
'g:: 900 | .
N
® 800 F 1 1 1
E
= (10:21:05, 700)
& 700
" 10:15:25, 700

500 | | | |
9:00:00 10:00:00 11:00:00 12:00:00 13:00:00 14:00:00 15:00:00
I 21

B 22 7T RIAC A LI = SRR B XL #h £k
Fig.22  Two schemes of in cabin experiments on

carbon dioxide concentration comparison curve

TR HE TR T TR R

3) M PN AR B A RS A B X e UROR A Y
Wi, — AR A B T2 it /K P v £ 18 T e AR, 7 2 7K P
T 0.6 m [ 4 AV BE 4 KIS T ROt N — Ak
LR

(1] EsHrD. SRR R[], BEARTARR, 2018, 3(4) :34-35.

[2]5K28. WRA, Y7 RMGHTITE[ ], TR TR, 2021(5) .23

(31285, T s It 32 S B 52 M) PR 32 43 A7 B A A R XU PR [ D]
=M PEARITE I, 2020.

(4] 7, FLE—, FPmida, S5, w5 A AR R Ak 22 A5 i o VA2 22 4 i 11 PR
MEELT]. mREZRE, 2020, 30(3) :59.

[5]BAHS, = M5 E AR GB/T 18883—2002[ ST. db5T: 4z
HEH R, 2002.

[6] MAZUMDAR S, CHEN Q. Aone-dimensional analytical model for
airborne contaminant transport in airliner cabins[J]. Indoor Air, 2009,
19(1).3.

[ 7]ABOOSAIDI F, WARFIELD M, CHOUDHURY D. Numerical analysis of
airflow in aircraft cabins[J]. SAE Transactions, 1991,35(8) :1294-1304.

[8]ACMEoR, XS, AN, % CHLEE A A S B E AU [ T],
SIS TR, 2016, 16(3) :108-115, 141.

(9] #EHL. KHUEAARAIEBERIIPIZ [ D]. B K, 2013.

[10] 538, B T HE A0 2= N [ SR K5 G 9 ik B2 78k i B2 F 5T
[D]. B PEBHEFRY, 2017.

[ 11]NIKAS K S, NIKOLOPOULOS N, NIKOLOPOULOS A. Numerical
study of a naturally cross-ventilated building[ J]. Energy and Buildings,
2010, 42(4) :422-434.

[ 12]YI Qianying. Numerical investigation on the effects of building configuration
on discharge coefficient for a cross-ventilated dairy building model [ J ].
Biosystems Engineering, 2019 (182) :107-122.

[13]E%0, AW4, HA%. T IE LRI riE R 240k
(1], BUBOHS5HiE, 2016(9) :210-213.

[14] EWEm, 5. LT S7-1200 PLC S5HHEF Y H 3h b &1 R4
BT S53[T]. BEfkEEAR SR, 2025, 44(4) :25-28.

[15] EWendy. 3T PROFIBUS-DP £ A i 32 DS A5 Wl s ) 3R 4
BT SSBLT]. ASMEEOR SR, 2025, 44(11) :37-39.

[16]FAE M, BT, ¥ 5. PLClfsHR T InfeE e £i5 B R E
Rocveit (1], ASLBR SR, 2025, 44(9) :119-123.



