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Space Shuttle Thermal Environments
and
Its Thermal Protection System
By
Hideo IKAWA

Abstract: With the debut of the Space Shuttle, the future use of space for
scientific, commercial, and military researches and applications will
experience a significant change. The direct benefit of the reuseable Shuttle
system, which is capable of transporting a larger and heavier payloads than
an expendable booster, is the reduction of the cost of space operation.

The key features of the Space Shuttle is the development of the
manned, winged orbiter vehicle. During a space mission, the orbiter will
play the roles of a vertical launch booster, a space satellite, and a
hypersonic glider. The role of a hypersonic glider with efficient aero-
dynamic maneuverability makes the Shuttle orbiter a unique space vehicle.
It can select a landing site away from the path of a prescribed ballistic
entry trajectory and is able to land horizontally on wheels.

The requirements on the orbiter vehicle are that it must be reuseable
for at least 100 space missions and it can be serviced and readied for
another flight within two weeks of landing. Meeting these requirements is
difficult because the orbiter will be exposed to intense aerodynamic
heating caused by atmospheric entry and hypersonic flight during the
repeated space missions. To satisfy the requirements for the extended
reuseability and the quick turn-around capability, the orbiter’s primary
structure, which is made of an aluminum alloy, must be protected from
these severe thermal environments. The development of a reuseable surface
insulation, which covers the entire orbiter surface, is one of the break-
throughs that make the economical, effective and routine use of space
possible.
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CONFIGURATION

PROFILE

NUMBER ATP PRR PDR CDR
WING PLANFORM |50° BLENDED |50° BLENDED | 45°/79° DBL 45°/81° DBL
DELTA DELTA DELTA DELTA

DRY WEIGHT (kg) 77,110 68, 039 68, 039
PAYLOAD (kg) 18, 144 18,144 11, 340 14, 515,
CG RANGE (% Ls) 65-68 65-68 65-67.5 65-67.5
WING AREA (m") 299. 15 299.15 249.91 249.91
WING SPAN(m) 25. 60 25.60 23.80 23.80
OVERALL LENGTH(m) 37.79 38.10 38.10 37.04

ATP : AUTHORITY TO PROCEED (FEB 1972)

PRR : PROGRAM REQUIREMENT REVIEW(AUG 1973)
PDR : PRELIMINARY DESIGN REVIEW

CDR : CRITICAL DESIGN REVIEW
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