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Study on Structural Layout of a Cylindrical Photoacoustic Resonator

Zhao Pengcheng', Zheng Qianying, Zhu Xueliang, Hu Kai
Institute of Optoelectronic Engineering, Xi’an Technological University, Xi’an 710021, Shaanxi, China
Abstract The structures of photoacoustic cavities are among the most important factors affecting the sensitivity of
photoacoustic spectrum detection systems. Considering the emerging trend towards the miniaturization and portability of
photoacoustic spectrum detection systems, this study considers a cylindrical photoacoustic resonator as its research
subject. With a fixed total length of the photoacoustic cavity, finite element analysis of the photoacoustic resonator model
is conducted to investigate the influence of the structural layout of the resonator and buffer chamber on the performance of
the photoacoustic cavity. The results reveal that when the length of the resonator is constant, the maximum sound
pressure signal intensity can be obtained when the two buffer chambers are symmetrically distributed. When the buffer
chambers are symmetrical, and the total length of the photoacoustic chamber remains unchanged, the resonator quality
factor Q increases with an increase in the length of the buffer chamber. The characteristic frequency first increases and
subsequently decreases with the increase in the buffer chamber length and reaches a maximum of 2110 Hz at L, —70 mm.

In the resonant state, the sound pressure signal reaches a maximum value of 5. 61X 10"° Pa at L, ;=40 mm.
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Fig. 1 Structure diagram of cylindrical photoacoustic resonant cavity
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Fig. 2 Simulation results of cylindrical photoacoustic resonant cavity. (a) Acoustic pressure; (b) acoustic pressure level; (¢) frequency

response curve; (d) fitting curve of frequency response

3.2 BMERRBHZIG

LG IR I S K L=200 mm A4E, DLiE IR
s K BE L B ZE M 5% b K Lo CHE 2 Lo
+ Ly g =L-L..) 78 it 38 3 % 56 75 (¥ FEM ) B
IR IRBAT A RS ZhEMRZ AR, A
K3 Al LUE 7RI R I K — W 2T L BEE 22
2% i 5 K BEHG N, A 022 b 2 K B2 JR0/)N , FE AR A3
T R RIS K, JF BB A 20 A I 2 o s K R A
VT, P R OB/ o Y 7E A G h s KRR 3 AT R IR
SN e KARL, B DL ARAT R B 75 TR A5 55, AT 6 i
P 15 2% v 28 R PR FR A Jmy o 20 M 28 b % K —
B A PETR TR M BB  RRAE A R A B K
3.3 BIREKESFENEZI

PRFRC A I H AL S5 S BOR S DU IR I K L
*ﬂm SPR P AR RO 7E &R A R Ty BT RO

TR IR AT 238 R B K R B S R I S B A AR 4

6

Acoustic pressure /(10° Pa)

N , - =L =9cm
7 - - L __10cm
J —L __11 cm

10 15 20 25 30 35 40 45 50 55
Lbu[i' (left) /mm

&3 G2 s JE X PR A a4 75 T 19 52
Fig. 3 Influence of asymmetrical layout of buffer chamber on

acoustic pressure

ME AR, B4 T8, Y R, —E B, IR 5%R
Bifl 1B R R L B B RN R e O R LS
XM E . BiFEEEE R =3 mmiEf,L.H

0730003-3



£ 605 FTH/2023F4H/HAEEBFFHE

60 mmi*jc?ﬁJ 160 mm B, i & 40 9k 7 T 1139 Hz.
I LBt 2 15 I s 2 A0 15, 1 IR A0 23R 03 /)N W R AR /N
M R. =11 mm i}, L. A 60 mm 3 K3 160 mm I}, 38
m:{m/ T 127 Hz, leBhiE IRk 2 5% = 2k 4%
ZAR T U IR i B X I R AR AN o

2500 @
5 — R _=3mm
-~ Ro=4mm
=D Tm
--- R 5=$ mm
- ={ min
= 2000 - R”=8 mm
S =0 Mm
B = == R =10 mm
% e m:llm.m
g | 20 MEEee——
= 1500 F
1000 L— : ' ' ' I
60 80 100 120 140 160
L, /mm
B4 R K AR
Fig.4

3.4 ZMERKEGEIKREKE GG
75 S 0 RS IR A8 R A R R o R B ARG R
EMEREM S8, H RN SR A B LR
PREF G R I B L=200 mm AAE , A2 47 PN 2%
R X PR A R, g b = K L[ L= (L —
L.)/2] k78 &, 4 BI04 B8 R A0 2 S R R JBT
HESZWERKEZRMXER., HE SR,
R..=5mm, L, M 20 mm 3 K %] 90 mm W , [ifi & 25 i}
AR, 6 IR R R S R, 7R R vh = K
Ly=70 mm &b ik B £ KAH 2110 Hz, 1 J5 i % 28 wh %

2200

(a)

2000 F
]
T 1800
E
E‘- 1600 F

1400 F

1200 F

20 40 60 80 100
Lburr /mm

P4 () T, 3 R i e R A S I 3 90 I M~ A 16 v
Bl /P 5 R TR) 2R AR TR A T 38 AR S I B i R AR AH 25 A
K 1 B 3 ﬁ&)?”#ﬁéﬁfﬂfﬂ’ﬂﬂiijto Al LU

NI ] IR R AR RN F ERIHOLE
BER N, 96[51 H&HfzﬂééR =5 mm,
ey
2F % ~++ L, =60mm
\‘.‘:‘ R Lﬂ;.g: mm
10 "N == L-=100 mm
o - L, =120 mm

Acoustic pressure /(*10°° Pa)
[=7]

HISZI o (a) FRAEAA 5 (b) 75 TR

Influence of resonant cavity length and radius. (a) Characteristic frequency; (b) acoustic pressure

e BE B AR AR BEAK . X TR 2R v RSP R
FAETF IR AUR 5 S R I A R B L 5 S iR i R ST
%?TT}E%‘FFF R AR %%@ékfﬁiﬁth““
PRI R B ARBMIFO T, M% o= K E /N
70 mm B, VR s K B X iR A R 32 EEAE %'l?)‘?%?ﬁlﬁ
FRE KT 70 mm B, 97w K R X IR AR R
YER o I S(b) Al T, 24 27 wheas K R 5 R i K B L
{ELE 1 BRI B X 6 7 T I A1 8 5 i) e K el e T DA
F LR g2 = R IR e KR LT LA RO Ok
7 B TR IR A0

2200

(b)
2000

—

oo

=

=
T

Frequency /Hz
=
=
=
T

1400

1200

PS5 G g KX RIS AR A LM o (a) AN ) <3 22 v 38 SR PRAUA 5 (b) AN [) G2 w25 5 08 I e 1 B L A9 41 31 24

Fig. 5 Influence of buffer chamber length on characteristic frequency. (a) Resonance frequency of different length buffer chambers;

(b) resonance frequency of different buffer chamber and resonant cavity length proportions
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