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Abstract

Internal infrared (IR) radiation is an important factor that affects the thermal performance of high
altitude balloons. The internal IR radiation is commonly neglected or treated as the IR radiation
between opaque grey bodies. In this paper, a mathematical model which considers the IR transmissivity
of the film is proposed to estimate the internal IR radiation. Comprehensive ascent and thermal models
for high altitude scientific balloons are established. Based on the models, thermal characteristics of a
NASA super pressure balloon are simulated. The effects of film IR property on the thermal behaviors
of the balloon are discussed in detail. The results are helpful for the design and operation of high
altitude scientific balloons.
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1. Introduction

High altitude scientific balloons are un-powered lighter-than-air (LTA) vehicles. They are
considered as the ideal low cost observation platforms for scientific research, such as cosmology [1],
astrophysics [2] and aerophysics [3]. In recent years, high altitude scientific balloons have attracted
growing interests all around the world.

The lift of a high altitude scientific balloon is mainly derived from the density difference between
the internal buoyancy gas and the ambient air. Therefore, in order to accomplish the mission of a high
altitude scientific balloon successfully and safely, it is important to predict the buoyance temperature
and film temperature distribution of the balloon before it is launched.

In the past several decades, many investigations have been carried out on the thermal
characteristics of high altitude balloons. Kreith and Kreider [4] proposed a simple model to evaluate

the thermal behaviors of high altitude balloons. It was considered to be the starting point for the
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