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Modelling of gas flow measurement based on MEMS calorimetric sensors

Sun Hongjun, Xu Haowen, Ding Hongbing, Liu Yuhang

(School of Electrical and Information Engineering, Tianjin University, Tianjin 300072, China)

Abstract : Gas flow measurement is widely used in respiratory monitoring, pipeline transport, and other fields. In this study, the thermal
boundary layer parameters in the one-dimensional temperature distribution model of MEMS calorimetric sensors are carefully analyzed,
and the corresponding empirical corrections are made. On the basis of the one-dimensional temperature distribution model, a new semi-
corrected theoretical model of the sensor voltage output with respect to the gas flow rate is proposed for MEMS calorimetric sensors with
two pairs of upstream and downstream temperature measuring resistor chip structures. The theoretical model can be applied to different
types of single-medium gases. Meanwhile, N, and CO, flow measurement experiments are implemented to compare with the theoretical
model, which shows that the proposed theoretical model can accurately predict the flow of different gases, and the RMSE is 0. 15% for
the CO, measurement medium. In addition, combined with the theoretical analysis, a high-precision measurement model with a simple
fitting form and a better applicability to deterministic gases is proposed, and the RMSE is 0. 05% for the CO, measurement medium.
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Fig. 1 One-dimensional channel structure inside the sensor
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Fig. 2 Structure of the channel calorimetric sensor
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Fig.3 Constant temperature difference control circuit and flow

measurement circuit for the calorimetric sensor

R,=R,=R, =R, =R,(1 +aT,) (10)

T O B A IEEE 20 A T PRI A R R, AN
Ry R, FI R, S BRAIA AN 4400 438 B AH ], 23331l 3E
T\ F Ty s UK IR 28005 181 B I B 49 A A P X FR
WHF R, (R, R, FIR, WIREES AN T, T, T, F1 T,

HI T R BRI AS T A TP RS PRI L 10
Bty 0V, [EEE AESE PRI i A AR AL wA
) AR TR 22 100 5 A L2 AT e 1A 1l LA
AR A K0, M A 200 2 o i 1 A2 (1)

AU =aaT,, = baTy +c=0 (11)

Ha = LR,,b = I,R,,c = a=b, ¥ JHE, 4
PR R R, AT LS B0 2 AR 0 H e i 3Rk
X (12):

AU = aaT, - baT, + ¢ (12)

A C12) el (1), BRI A5 21 46 H e TR 5 —
IR LR R, AT R, MR BE A OE R RIA(13) .

AU =aa(T, - T,) - ba(T, - Ty) (13)

[F) B, Ay DA 20t H TR 5 g — bl B F B R,
R, R EE ARG R R IR, B m AT DA 34 H e
5GP X I ik P RELVRL 22 ) e AT R (14)

1 1
AU = —aalT, + —balT, + 7 =g(q,) (14)

Hrh AT, =T, -T, AT, =T, - T,, n WELBIEZR
B, FTFEIE 4 A0 i A BH A 52 B i 8% 9 0 i BELE
TR REAAAE RN ZE R . K (14) B 0 1 1 1k
A R SE T ARG = 1B IE B AR A
2.2 fERiEEEAEMIR

AHIFFEAESEAT I 2 I o S 56 =2 |17, % MEMS 2 #4aX
LIRS I X R R B (R, (R, R, R,
PR R,, LR BREE IR LB R, MEAT T A SE AIAR 2
S8, FETEIRAE N, IR M 25°C ~50°C A5 4k, ] B iR N
5C 2R 100 A BERS Sl , W0 2 s A BE R o FL ., A4
TR RE I S AT T 2 W A, B A TR IR N
A HEL BHL A 5 48 R BRI G BEL(EL , DA ) 3L
RI(14) AHDC R B, bR 25 R Al 4 Fos

1900 ¢ = R, R, v R, PR, ® R 4 R,
1800 - — g, e R, 4 i R, A
1700 f ----- R - - R AW R, 2k
1600 @i .
1500 | o cammas = R 0.9947
-square, = 1.994
1400 + .
]
&< 1300
E}l 1200 R-square, =0.992 1 R-square, =0.997 0
= 1100 |
#1000 —
900 | R-squarep =0.998 1 R-square, =0.994 2
800
700
600 L T EENEIE) LIPS -- A-
500 F R—sqllarckwﬁl.‘)‘)oz
20 25 30 35 40 45 50 55

|EET/C
P4 s AR H BEAR E 2k

Fig.4 Sensor internal resistance calibration curves
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