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Principle and experimental study of the condensed particle counter

Zhang Bai Jiang Zunyang Cao Wei Kong Dechao

(North Minzu University, Yinchuan 750021, China)

Abstract: Aiming at the problem of nano-scale particle concentration detection in the environment, the condensed particle
counter was researched and designed. Firstly, the growth principle and detection principle of condensed particles were
researched, and the growth device of condensed particle counter was designed according to the heteronuclear principle.
Secondly, the signal processing circuit of the sensor was designed to solve the problem of poor anti-interference ability
and difficult measurement of weak signal of particle detection. Then, a control system based on anti-saturation integral
PID was designed to realize the closed-loop control of sampling flow. Finally, a prototype of condensed particle counter
was developed, and several experiments were carried out, including flow control, nano-scale particle growth and
counting. The experimental results show that the flow stability of the condensation particle counter designed is within
2%, and the relative error of counting with the TSI3772 condensation particle counter as the standard instrument is
within £8. 5% , which meets the requirements of the industry standard.

Keywords: condensed particle counter; heteronuclear; growth device; signal processing

XERE T TR BT BE A I i /)N R A Y SR R By
TR I B A O A ok T B ds L 32Ot U B R
il A AR T 0.1 o (19 JI0RE G U KA A2

N T G A B ' S AL G I 52 A A ARG R R L 5 B

0 31 B
FA TS Y ) B LSO IR T AT R IR
BRSNS 5T P A [ 2 Bk A R T 2 AR A

G, H WUk ) B ARS8 TE 0. 001~100 pm'", 752k Sk
BRGSO AR I T T S SO P B TR
KL 1) K /INFITHR B8 B4 5% i 7 ) R i A ), B
ERERAR M 5 AT B KRR R BT

75 HHEA:2023-12-13

X 0 JOURL 5 R B R, 1980 4 35 [E TSI(Technical
Sales Internationa) A R JF & T 55 — & v F &8 A% kL T 11
B TSI 3020, ZAXAS 2 LLIE T’y T AR . FI)H i 22 7
Az S AN TE T B 2R R LA SRAE M T UKL O BE R

TEEWMABEXARE IS (52065002) T H AR A4 (2022 AAC02045) T H BB

— 94 — [EABRTMELEAR

Hh BB O T



2024F 6 B

e B43% EHE

R 1o 0 R 7% 9B 4 A ORI 2 T ORI 2O AT
VU R R R G 27 L T A S X UKL 3 17 1L
R0 e S o AR T B R AL T R AR B )2
AR ARV o AR X T B R AR I KA AR R A
SRSy AR IO TS Gl A e s EL T It 47 7 TG 3 X 3% T
IKAPAE U A S I F) 5k 4 . i T LA ] PN R SR AT SRR
e 2, H IS AT 5T 5 1 6 R L 72 2D O [ B e kK
Vo WTTOR 2 A M B A 1 — o ml 4 Wy 502 49 £ =
JGT B SRR T RO SR R W 0 A T R
Vo W It UL IR 2 R gy A A N S e R R E T
23~100 nm R A2 [ P ARG IORS B2 » HLH AR AR BRSO
BN G HIR . X P 3 B AR T AR 9 A K
REHEAT T P98, BIRWTIEHESh 1 [ N SRR OB T T B
14 4 o AELAR SEATE T SR AT AR TE BOBO™ dh . 2 H AT
Gy b2 T [ 7 5 SRR T T ARG Al R REE o 1
e AR 5K

AT A, 2 TSI 548 E Grimm 55 & 4h 2 H)
AT B BERAZORL TR s T R A e .
R T W S A g A R R 8 R 5 18 HL 2% AR
ZR R XA AR Y A 7 B AR TR . TS
A% O v o 1 [ 7 A AIE ) A SO il B e L T AR
TBERR TR A RO SRR T R R
AR E BT T BERBORL T B FE L, O BE R BORL T
THRCE AL B B P It T HOR SHE

1 BEBNFITHRERFRE

1.1 ZLEkEE

VBT B AT I Ay 5 19 18 B 3 B W A S A AR
AR PRI G S 1 NS AR RS 1 R . Bk
A4 A FERAL RS B AL . BR AL A h— A T
Hh A Al g A A B R AR R R, O R 1 TR
PLZK A ] o 24 2 e 7K 28 A0k i R 3 31— A I A OF
HR A% v T 2% B K 4y A8 i sh e B bR B
ARG Ty (g AT R A A RN TR . Y
NG B R 3 B B AN B I L K 2RS4 LA /IN VR R B
% B 25 70 /NI Lo o 0 R ST B K. R K 4 F T
12 gl P B /N R ST A AR B B it S R A
A BWFEBALETE K ZE ST R R 7E A AR K

KR T ARMEIE B
ST REDE o  nEEK .
L T
RIS BEY Wi

P S K 78 R A A A 7 R 1

Fig. 1 Schematic diagram of homogeneous nucleation

process of supersaturated water vapor
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Fig. 2 Schematic diagram of heterogeneous nucleation

process of supersaturated water vapor
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Fig. 3 Structure of optical particle counting sensor
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Fig. 4 Aggregate nucleus particle counter growth device
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Fig. 8 Human-computer interaction main display interface
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Table 1 Experimental results of flow stability
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Fig. 10 Connection diagram of condensed nuclear particle

counter and particle generator
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Table 2 Experimental results of particle growth
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Table 3 Experimental results of particle counting
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