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Abstract Venus, as a major component of terrestrial planets, is of great scientific significance for ex-
ploration and research. Understanding Venus can enhance our knowledge of the formation and evolution
of terrestrial planets, the development of Earth’s habitability, and the strategies for searching habitable
exoplanets. Recently, Venus exploration has witnessed a resurgence, with Europe, the US, Russia, and
India planning new missions around 2030. However, its infernal surface conditions, a scorching 462°C,
crushing 9.3 MPa pressure (equivalent to 900 m underwater on Earth), and corrosive CO, atmosphere

laden with sulfuric acid aerosols, which have limited prior missions to mere hours of operation, exempli-
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fied by the Soviet Venera 13’s 127-minute survival record. To address the need for long-duration Venus
surface missions, this paper analyzes the challenges of lander long-life survival based on Venus’s environ-
ment, i.e., energy acquisition and environmental adaptation. It reviews the research progress in four
areas: lightweight pressure-resistant structures, high-temperature electronics, power systems, and ther-
mal control technology, while offering design recommendations. Lightweight pressure-resistant structures,
represented by honeycomb structures, lattice structures, and composite materials, show promise in effec-
tively reducing the lander’s weight while maintaining structural integrity. High-temperature electronics,
based on materials like Silicon Carbide (SiC), can significantly enhance the performance and service life
of electronic devices in extreme heat. Efficient energy systems, including radioisotope Stirling generators
and high-temperature batteries, are expected to supply stable power to the lander and lessen the energy
system’s demand on thermal control resources. In terms of thermal control technology, building on high-
performance heat storage and insulation materials, employing high-temperature Stirling cooling or com-
pression cooling techniques can effectively tackle the heat dissipation issues for landers in high-tempera-
ture settings. The design recommendations outlined in this paper aim to provide valuable references for

potential future Venus lander exploration missions, aiding in the development of more advanced and
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durable lander systems capable of withstanding Venus’s challenging environment for extended periods.
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Table 1 Overview of the Venus lander
7 bl an 4 Kt H ) 5 Wi A bR BRSO/ C o HRSES/MPa TAERHK /min
1 Venera 7 1970-08-17 5°N, 351°E 475 9.2 23
2 Venera 8 1972-07-22  10.70°S, 335.25°E 470 9.0 50
3 Venera 9 1975-08-22  31.01°N, 291.64°E 455 8.5 53
4 Venera 10 1975-08-25  15.42°N, 291.51°E 464 9.1 65
5 Venera 11 1978-12-25 14°N, 299°E 452 9.26 95
6 Venera 12 1978-12-21 7°N, 294°E 468 9.36 110
7 Venera 13 1982-01-03  7.55°S, 303.69°E 457 8.9 127
8 Venera 14 1982-03-05  13.05°S, 310.19°E 470 9.4 57
9 Vega 1 1985-06-11  8.10°N, 175.85°E 467 9.5 56
10 Vega 2 1985-06-15  7.14°S, 117.67°E 463 9.1 56
11 Pioneer Venus 2 1978-12-09  32°N, 318°E (day) 21459 249.45 67
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Crystal growth on the surface of materials in Venus’s extreme environments
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Table 3 High-temperature batteries
HL it LiAl-FeS, Na-NiCl, Na-S
TAEIREE/C 400~475 250~500 290~450
HE/V 1.73/1.33 2.58 2.08
WRERE/ (W-hikg ') 100 90~100 80~120
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Table 4 Thermal physical properties of phase change materials commonly used
for temperature control in electronic devices
7 V3 HIE/(kgm *) A (k) kg ) AR /C

1 LiNO3-3 HyO 1500 235 30

2 CH3COONa-3 HyO 1450 254 58

3 CaCly6 HyO 1710 191 29

4 NayS0,-10 HyO 1490 254 32.4

5 IR (T B~ k) 21810 244~254 28~61

6 RO _mE 1212 190 66

7 TR R 840 200 56

8 Ga-Sn 6010 78 20

9 Cerrolow-136 8600 91 57.8

10 Cerrobend 9400 33 70

11 HyO(7K) 917 335 0
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Fig. 7 Schematic of the Venus lander gas-liquid

phase change temperature control””
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of a Venus long-lived lander™
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