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Simulation of molecular contamination based on gas diffusion equation and
experimental study of contamination effect
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(1. School of Chemistry and Chemical Engineering, Harbin Institute of Technology;
2. School of Mathematics, Harbin Institute of Technology: Harbin 150001, China)

Abstract: With the rapid development of space optics technology, high-performance space optical payloads
raise higher requirements for the mitigation of molecular contaminations. It is necessary to carry out simulation
analysis of molecular contamination transmission and deposition at the initial stage of payload design, so as to
provide better feedback and to guide payload design. In view of the time-consuming feature of conventional
Monte Carlo method to deal with complex structures when simulating space molecular contamination, an
innovative simulation analysis on molecular contamination transmission and deposition in space based on gas
diffusion equations was carried out to obtain the distribution data of contamination deposited on the sensitive lens
in this work. The contamination effects were also investigated by ground experiments and the results indicated
that molecular contamination can lead to an attenuation of 5.3% in the optical performance of sensitive lens after
three years in orbit. The results may provide some guidance for the design and development of space optical
devices.

Keywords: space molecular contamination; optical payloads; gas diffusion equations; simulation analysis;
contamination effect; experimental study
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Fig. 1 Schematic diagram of optical system structure of a
space camera
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Table 1 Typical data of material outgassing process

/Gt . TEALRRE,/ | AT BIERE TY/K

B (kJ-mol ™) (Ty=E,/kg)

R | '~ 4~42 500~5000

yEe " 21~63 2500~7500
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Table 2 Simulation results of contamination deposited on the sensitive lens surfaces
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Table 3 Contamination deposition and attenuation of optical
properties of lens

DEHP{5 44/ | DEHPI5 4L LR | RHE
J5 % /am % B/ (mgm”) | BE% | BHEY%
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474 46.7 3.2 5.6

H_E IR Fr AR E e, KA [R5 G S B X B 1
T2 T 2R R 2 ST 2 RH S 5 A A 1 B 1 AT 2R 1
&, R 7 FE 8 Frs.

A %

3=0.06027x

0 . . . . ,
0 10 20 30 40 50
J5LJE mm
B 7 (55 S E R R AR IR (R'=0.954)
Fig. 7 Linear fit chart of contamination thickness and rate of
transmittance change (R2:0.954)
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