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Abstract

In response to the requirements for COz concentration stability and uniformity in the “protection
against rebreathing” test for positive-pressure ventilation masks specified in the YY/T 0671-2021
standard, this paper describes the design of a CO:z gas mixer for simulating exhaled gas. A 3D struc-
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tural model was created using Creo Parametric, and the internal flow field was numerically simu-
lated using the Flow Analysis module. By simulating multiple COz concentration conditions (5%,
10%, and 25%), the study analyzed the flow line distribution within the mixer and the uniformity
of the outlet concentration, using the coefficient of variation (COV) of the outlet concentration as
the evaluation metric. The results indicate that the mixer achieves stable output under various con-
centration conditions, with a COV consistently below 3%, thereby meeting the requirements for sta-
bility and uniformity. The study results indicate that the designed mixer can effectively improve the
stability and reliability of COz simulation gas in rebreathing tests, providing technical support for
optimizing the “rebreathing prevention” test method for positive-pressure ventilation masks.
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1. 5|8

P 2 1A B BIG I H2 %7 45 (Obstructive Sleep Apnea, OSA) & —Fh i WIS EZR, FERIUVIENRS A4 B
RIE B IRk, FEURECECEE . BEIRZEREL L2 AR RSE. HAT, 2Rz A#F 2l 10 12, Hrrp
HEHRE AN ORI, BAERERGOS IS IE R . A N D2 MRS BT, OSA
EL A B A e AR W[ 1], FR4E/<E IF K8 < (Continuous Positive Airway Pressure, CPAP){f I 32
BORyT B, i SRR e RS IR R 4ERE EAETT, G AR AR NIRRT IR L . FFSEIE Rl AR YT
JUIE), IR RIS AR O R S, P B RS et B BRI R YT R 2]

[ 58 N BB SUARB A 5 iT B SO B AUAUERE . 51K CO, EEWFIY, T PRI N U4 ot & FF 520
JYR(3]e RIS ST NG B BRI P 2 8 N EE R IR R AU . YY/T 0671-2021 Atk 25K i
T BRI G AR FR I AR COL R BEAR A, 3E47 17 58 B PR I BB AR AR VPAN (4]0 IR FEBEAUL T Hh Sk rh
COL R EE I S M S R e XA IR 25 SR 1) B B . A SO TE 7 —Fh CO SRR A3, KM Creo
Parametric B | = 4EREAY IR AT ARG FL 04T, TPAIR G R B N T An, PRI I R4
AARIRG A S B IR, D 1E A I8 ST S e B R PR R P BE VRN R A T R IR ¥
2. CO: SHERGIFLI

ASCER AT ARIR G 3 0TI CO 5 A E BN SR E, AR EEIFRARLE T CO HALL
SAERRRE S T ZARIRA S TR LN ER, Wk 1R,

Table 1. Gas mixer design plan
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Figure 1. CO2 gas mixer model
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3.1. FREREL

Creo Parametric #fFHT, $RHL CO» MR &85 BT PRI ARER, IS RRRBRBEAT SEAR L, SRIGZAE
BRI, s 2 fR.

Figure 2. CO2 gas mixer fluid domain model

B 2. CO SRR AR I ERE

3.2. MRS
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45 FL A BE RIS SSU ME 2p A P LA g PRSI o 1) 90 X 6 PR 20 B0 75 S AT P72 28 0 A2 5 1) DR A 114 o T J2
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[7]. A&3CiEH Creo Parametric 34 [ Flow Analysis FELNT CO, SARTR A 2507 FA R BT WA &Il 43,

DOI: 10.12677/m0s.2026.155072 74 A ()


https://doi.org/10.12677/mos.2026.155072

Wk, iKEIT

K 3 B

Figure 3. Grid division of CO2 gas mixer

[ 3. COo, SRR & 2R M8 X 57

3.3. iLA/EH

R AR AT R S R R e v ok A
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Figure 4. Boundary conditions for CO2 gas mixer
E 4. Co. SRR ERAAFFMH
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COr AN AN N E 938 € FIRARIE &, 2 A BUE BARYE T # IR & U COs Ik
PEHEATRME . RGN FONIRERE M H, %S BEN 0 Pa.

4. C. SIFREB[BRESH

FIRHRAR M5, A DBRLVSARLE CO, SRR &35 B N IR SIIRAS, M S Ak A IR A 15
W COy SARTR &35 B 1 DA RLEE N 15.5 L/min, EEUTHE] COL IR ESAMIKE, 0514 5% 10%.
20%. FFIELTE TR R COL S AR NARFUE &M 2 S N A &, W5 2 Fis.

Table 2. Input data for CO2 gas mixing device
F 2. CO 5 RAREMNEIE

THA COr A S MR EE CO2 SAEHI N A A8 & (L/min) S A N AR HE(L/min)
5% 0.5 15
10% 1.05 14.45
25% 2.8 14.7

RASMH O8I Rk 6 MRS, K S BRSMIREE, 1SRRG 150 i I Wi ik 4,
w5 s .

Figure 5. CO2 gas mixer monitoring point
E 5. CoO SFREREIER

A5 LR BE T 4, RH Creo Flow Analysis #EAT AT, BUE ZHMRE . MRAMREA H
R, J R E PR, AR R IR ke B, SRAFEST R, BOEIBAKEL 500 Wk, #E4T
AR E AT

4.1. CO,BRAESMHRE: 5%

%Tﬁﬂ%ﬁ%&%ﬁaﬁﬂA%%,&%%Awﬁ%#%ﬁ WA 6 fros:

COy SARN S NAH : AR RN 0.5 L/min (IEEAR CO, A4 SN DA : AAE SN 15 L/min
FIEAR =R,

BATIHMAFRSE, EARRE 500 %, BRE 7 Fosiimg . RN Co, SRR A #1111 CO,
RASRIREEA LI ZE, WA 8 Fin, KEURER CO SMARTRA 2R H O CO IRASMIKEN 4.8%, K6
A R CORA ML, 3k 3 Fim.
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Figure 6. Fluid simulation parameter setting for a CO2 mixed gas with
an expected output concentration of 5%
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P=0 Pa

Figure 7. Streamline distribution diagram of CO2 gas mixer (5%)
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Figure 8. CO2 concentration at the outlet of CO2 gas mixer (5%)
& 8. CO SIFRARRE N CO2RE(5%)
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Table 3. CO2 mixed gas concentration (5%) at 6 monitoring points
3.6 NI RE CORARMIRE(G%)

g POINT 1 POINT 2 POINT 3 POINT 4 POINT 5 POINT 6
COx RE IR E 4.8% 4.7% 4.9% 4.9% 4.8% 4.7%

42.CORESERE: 10%

N T IRBUGKREE N 10%I1) COL 1RGSR, Wi NS, Wl 9 Fis:
CO, SARN N : ARFIEEAN 1.05 L/min AUFRAE CO, Sk SN HMNE: AFREE N 14.45
L/min FJHAHZS,

VF=1.05 L/min 7 A/

VF=14.45 L/min

P=0Pa

Figure 9. Fluid simulation parameter setting for a CO2 mixed gas with an
expected output concentration of 10%

9. TERLHIKE A 10%H) CO RESHMRIMAESEIRE

BT RE S B, AR E 500 YR, BRIWE 10 s’ . 350 co, SRR G2 1 CO,
BEAAWIEA I ZE, mE 11w, FEIREBUAER CO, SARIRE 25 H 1 COL B-ESARIRIE N 9.9%,
/Ez NS AR CORESMIKEE, Wk 4 iR,

VF=1.05 L/min

VF=14.45 L/min

P=0Pa

Figure 10. Streamline distribution diagram of CO2 gas mixer (10%)
10. COx SR & BRHIRE DT E (10%)
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Figure 11. COz concentration at the outlet of CO2 gas mixer (10%)
11. Co: SR AR/ E O CO2iKE(10%)

Table 4. CO2 mixed gas concentration (10%) at 6 monitoring points
= 4.6 NEIERHY CORESIIRE(10%)

M POINT 1 POINT 2 POINT 3 POINT 4 POINT 5 POINT 6
CO2 IR & AR EE 9.8% 10.3% 9.6% 10.2% 9.8% 9.7%

4.3. CO,BESMEFRE: 25%

T IRBGRE N 25%I1) COL IRESAE, WA &S5, WA 12 fok:
CO, SN OBNE: AFEEN 2.8 L/min I CO, 5ik; 8 NOENE: AFLUEEN 127
L/min FFEAEZT S

VF=2.8 L/min

VF=12.7 L/min

P=0Pa

Figure 12. Fluid simulation parameter setting for a CO2 mixed gas with an
expected output concentration of 25%

12. FREAMILHIREE R 25%K) CO R ASHRIMIESHIRE

AT RE S B, RS 500 YR, BRIWE 13 Finafmg . 3F0 co, SRR G2 1 CO,
EEMRIREA 2, W 14 s, HFRBURER COy SARTR &8 H 1T COy R A SRR E N 25.1%,
/zz AN S H COREAMIRSE, Wk 5 fis.
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Figure 13. Streamline distribution diagram of CO2 gas mixer (25%)
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Figure 14. COz concentration at the outlet of CO2 gas mixer (25%)
14. CO, SR ERRE O CO2KE(25%)

Table 5. CO2 mixed gas concentration (25%) at 6 monitoring points
5.6 MR RH COURESIIKRE(25%)

WA R POINT 1 POINT 2 POINT 3 POINT 4 POINT 5 POINT 6
CO2 IR & AR 24.8% 25.4% 24.5% 25.4% 24.8% 24.6%

4.4. AR

EERLEE 7. K100 K13 8%, CO,RMMMESAREGRNOL RN, ERERATRTE
T, THEBRMAEX, HAFRRAE D, iERHZEESASEIEE RS giaE.

H O R CORER/MMEMIKEHSERA TP ERRH COV A%, HHO#HEKMIERRE CoOV
< 5%, IANAHER COo, BMEMZSIREEIZI[9].

cov=2
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Table 6. The coefficient of variation (COV) for different expected concentrations of CO2 mixed gas

6. TRIFH COLRASFRENERZRE COV

T CO2 IR &SRR E 5% 10% 25%
cov 1.9% 2.9% 1.7%

JHE R 6 AT LASH CO, SRR G HEE M H DA COV {H3<3%, UEIZEEE H 1 COy S A
FRIRE AT R
5.

&g

ARSI G 1 38 T A EE R PR AN R COn UM E PEAS AR A IR, BEVHIFIRAIE 1 ik T e 3 4
FJE) COr MR G & . I Creo @G (T H T, RGEVFE 1 AR BFRIKE T RS SR AR 4521
R (1) RS AH RER R ARSI S, WA S (2) & TO0T H DR AR 7 &
HEVINT 3%, RUPREGHSIMERE: (3) Fri@ i HInERW A RPN AR ST, AR R B3
RS %

PIL, ASCHrFE K COL TARIR A SR AL S5 A BT 5 1 AR I 42030 A2 1E I /T B 38k O B SR NP
fIfRY” PEREFEAR RIS A o COL IR E SRR S SRR EER, AT IR 25 3 il 6 45 R A HE 1
Ve SEE k. JE 8wt gl — D A5 A ST IR 0 B A RIEAT IR, JRIU SIS B CIE N S T,
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