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Fig. 1. Atmospheric parameters of Mars at different altitudes: (a) Gas composition; (b) temperature; (c) pressure; (d) horizontal

wind speed.
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Fig. 2. Vertical profiles of (a) the molecular molar mass, (b) specific heat ratio, and (c) ideal gas sound speed of the Martian atmo-

sphere.
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Table 2. Shomate formula coefficients for the major gas constituents of Mars.
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N, 28.9864 1.85398 -9.64746 16.6354 0.000117
CO 25.5676 6.09613 4.05466 -2.67130 0.131021

0 - - - - -

H, 33.0662 -11.3634 11.4328 —2.7728 —0.15856
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Fig. 3. Variation of the constant pressure heat capacity of

the six main gas components of the Martian atmosphere

with temperature.

WS, R R el U2 IRV (3) TR
B KR SR LI Ly BEIEE 3R B2 4L, Kl 2(D)
7R, AERfE T K BRI 3 TS EBEEk )%
R ZIE, ATLRYE (1) SRR REK R Z RS
Hh B AL A ST, ANIET 2(c) . BRARAUIA
PRI TR T SR TR G, e i JR Rl 7=
BRI, 5 EXHAEATEE.

2.3 FTENMEHREZSUHRSEFHSE
STTEL

h T R AR T A ARO S, T T

TRLARR R AR PR (4 7 ) e S . R P BRSO 2

BREADUEG AR IR B — AL R 85, SR P Ve

300—10* Pa, #HIKS BE K410 Pa; T EF 45 i 31 [

H-80—20 °C, IRBERISIRE Ry 5 °C. fi HII 22 30

(2) e

KAHE S

B it LR RN

elchtess

ges [ T o

[ 4 w22 Al R (a) AR,

(b) physical diagram.

WA, WA 4 7R, 3 XA (21, 34, 40 kHz)
(AR FH B RE R ARl d TEXF 58, a5 S Ab 3 )y
DARBUR BT S5 HAES EF 22 ¢, FIA (7) 20T
13BN ST 1 S e 2k
2d

= (7)

YIRS R AR R AN 5 Fis. B TREA
PR RS NG , AEAN RV UE S Pl AR 2
A0 T B A S ], BT LA S rh g R 4 i 4
— AR N RYIREE, MEic sk TR LR T T
TEEE. B 5 il SR B T SRR SR T Y
W AN (1) PR, BARASAR TS S R T
BE L, AR R AR Ak, 76 520 AR T 1 2
RS SR AN R 5 rp B g 2R . Sl ) —
SRR T (L0680 TEAUERN 101 Pa 551 T
SR A RS BOIEAR—F, 0 °C M SRR
AR AT AR 2288 0.03%, —20 C
FMFETF 228 0.14%. SRRl 1 A, 52560
S S AR SRS ) 25 B R I K . Y
SEFELE] 500 Pa, 0 °C F1-0 °C iR EE T (1952560
7 AR SRR R 25 0] 0 I Sl 1.30% A
1.87%.

FEAR G O A A T 3T 75 D A
R B A T BRI AR Ak R AR A A i —
PP B S, Ab, 7 SR AR T AR 1. 1A
W75 M BEIUR SR (f/p) 2810 B 52 Y (50 18
SRR AT G B, AR EE, R A
W RIS RN R £ B, Rt
SAREINRE. BEE-DNRUET, 5417
R AR A AE 1010 Hz 2247, At ARG 2k i (GHz)

C

(b) Tz Il

Fig. 4. Diagram of the experimental setup for measuring sound speed by the time difference method: (a) Schematic diagram;
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Fig. 5. Variation of sound speed of 21 kHz sound wave with pressure in carbon dioxide: (a) Around 0 °C; (b) around —20 C.
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Fig. 6. Viscosity-temperature curves of the six main gas
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range of 100-300 K.
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Fig. 7. Vertical profiles of (a) viscosity, (b) thermal conductivity, and (c¢) dimensionless number P in the multi-component mixed

atmosphere of Mars at different altitudes.
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Fig. 10. Predicted sound propagation paths for different sound speed profile models of Mars: (a) Ideal gas sound speed; (b) 0.01 Hz,

(¢) 0.1 Hz and (d) 1 Hz NS sound speed, where different curves indicate sound lines emitted at different angles, with ray emission

angles range from 15° to 60°, angular interval 3°, horizontal range 0-700 km.
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Table 4. Comparison of sound lines at different sound velocity profiles.
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Fig. 11. Effect of sound source height on sound propagation paths. Propagation paths of sources at (a) 50 km, (¢) 110 km, and
(e) 150 km based on ideal gas sound speed profiles; propagation paths of sources at (b) 50 km, (d) 110 km, and (f) 150 km based on
simulated NS sound speed profiles of 0.01 Hz sound waves; where different curves indicate sound lines emitted at different angles,

with ray emission angles range from —45° to 45°, angular interval 3°, horizontal range 0-700 km.
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Abstract

At present, Mars acoustic detection is gradually becoming an important new tool for understanding and
exploring Mars. To explore the sources of Mars sound, it is necessary to study the sound speed and the sound
attenuation in the thin and low-temperature Martian atmosphere, and to model the sound propagation in the
stratified atmosphere. According to the extremely low pressure of Mars and the large variation of gas
composition with altitude, we propose a simulation method based on the Navier-Stokes (NS) equation and the
mixed-gas model to calculate the vertical profiles of sound speed and attenuation in the Martian atmosphere at
0-250 km altitude in this work. A comparison among sound-speed profiles at different frequencies shows that
there is a notable sound dispersion in the Martian atmosphere, especially at high altitudes and in the high
frequency range. It is also verified through sound speed measurement experiments that significant sound
dispersion does exist in low-pressure carbon dioxide, implying the need to consider sound dispersion in the
modelling of Martian sound speed profiles. The scope of application of the NS equation in modelling the sound
speed of the Martian atmosphere is also discussed, as the NS equation may fail in a too rarefied gas. Next, the
non-dispersive ideal-gas sound speed profiles and the dispersive NS sound speed at different frequencies
(0.01, 0.1, 1 Hz) are used to simulate the sound propagation paths in the multilayered Martian atmosphere.
And both cases of the Martian ground-based and high-altitude sources are compared with each other. It is
found that the dispersive sound speed has a significant effect on the sound propagation path on Mars. The main
influence is that the first fold back height and the first return distance of the sound ray to the surface are both
shortened, which directly changes the area and location of the acoustic quiet zone. The effect of dispersion on
the sound propagation path becomes more notable with both the frequency and the elevation of the acoustic
source increasing, confirming that consideration of dispersion has a significant effect on the calculation of the

sound propagation path.
Keywords: Mars acoustic detection, acoustic dispersion, mixed-gas sound speed, rarefied gas
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