
Spacecraft Thermal Control Handbook 
Volume I: Fundamental  Techno log i e s  

David G. Gilmore 
Editor 

Second Edition 

The Aerospace Press • E1 Segundo, California 

American Institute of Aeronautics and Astronautics, Inc. • Reston, Virginia 



The Aerospace Press 
2350 E. E1 Segundo Boulevard 
E1 Segundo, California 90245-4691 

American Institute of Aeronautics and Astronautics, Inc. 
1801 Alexander Bell Drive 
Reston, Virginia 20191-4344 

Library of Congress Cataloging-in-Publication Data 

Spacecraft thermal control handbook/edited by David G. Gilmore.-- 2nd ed. 
p. cm. 

Includes bibliographical references and index. 
ISBN 1-884989-11-X (v. 1) 
1. Space vehicles--Thermodynamics. 2. Space vehicles--Cooling. I. 

Gilmore, David G. 

TL900 .$595 2002 
629.47'4--dc21 

2002013535 

Copyright © 2002 by The Aerospace Corporation 
All rights reserved 

Printed in the United States of America. No part of this publication may be repro- 
duced, distributed, or transmitted in any form or by any means, or stored in a data- 
base or retrieval system, without the prior written permission of the publishers. 

Data and information appearing in this book are for informational purposes only. 
The publishers and the authors are not responsible for any injury or damage result- 
ing from use or reliance, nor do the publishers or the authors warrant that use or 
reliance will be free from privately owned rights. 

The material in this book was reviewed by the Air Force Space and Missile Sys- 
tems Center and NASA, and approved for public release. 



Preface 

In keeping with its goal of strengthening its relationship with customers and 
industry, The Aerospace Corporation has prepared this handbook, a compendium 
of corporate knowledge and heritage in the field of thermal control of uncrewed 
spacecraft. The objective of this effort was to develop a practical handbook that 
provides the reader with enough background and specific information to begin 
conducting thermal analysis and to participate in the thermal design of spacecraft 
systems. It is assumed that the reader has had at least one introductory heat-trans- 
fer class and understands the fundamental principles of conductive, radiative, and 
convective heat transfer. 

The handbook is written in such a way as to be useful to thermal engineers of all 
experience levels. The first two chapters provide a general overview of uncrewed 
spacecraft systems and space flight thermal environments. Chapter 3 describes a 
number of actual spacecraft and component thermal designs to familiarize those 
new to the field with some historical design approaches. Subsequent chapters dis- 
cuss, in detail, thermal control hardware and the thermal design and testing pro- 
cess. The final chapter provides an overview of emerging thermal technologies for 
the future. 

This book is actually a revised and updated edition of Satellite Thermal Control 
Handbook, published by The Aerospace Corporation in 1994. The name change 
reflects the expanded scope of this work, which now includes thermal environ- 
ments and design techniques for interplanetary spacecraft, in addition to the 
Earth-orbiting satellites that were the focus of the original handbook. The reader 
will now find an updated characterization of the thermal environment in Earth 
orbit, new material documenting the environments of interplanetary missions, 
more detailed information about each of the thermal control hardware elements 
found in the first edition, and presentation of some newer technologies such as 
heat switches and precision temperature control techniques. 

Two additional volumes of this handbook are planned. Volume 2, devoted to 
cryogenics, is expected to be published late in 2003. Volume 3, coveting heat 
pipes, loop heat pipes, and capillary pumped loops, is planned for a later date. 
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