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Major Advancement and Development Trends in Study
of Hot-Wall Microwave-Transparency Mechanisms and

High-Temperature Microwave-Transparent Materials
LI Zhongping

(Science and Technology on Advanced Functional Composite Materials, Aerospace Research Institute of

Materials & Processing Technology, Beijing 100076, China)

Abstract; The background and physics-basis of hot-wall microwave-transparency problem are discussed in this paper.
Major advancement is summarized in areas including behavior of ablation and heat-transfer, thermo-dielectric behavior and
hot-wall microwave-transparency mechanism, high-temperature dielectric testing, simulation of hot-wall microwave-trans-
parency, and high-temperature microwave-transparent materials. Future development trends in related areas are presented.
High-temperature melt and dynamic diversification of solid/liquid/gas result in break of dielectric property for hot-radome
or antenna window, which is the main reason for the “blackout” of hypersonic aerospace vehicles. Silica, boron nitride
and Si-O-N material are melting ablation, evaporation ablation and melting/evaporation ablation materials respectively.
The microwave transporting efficiency of boron nitride is directed by electron conducting loss, while the microwave trans-
porting efficiency of silica is directed by ion conducting loss. Large-scale, high precision, wide temperature range and
wide frequency range are the main objective for next generation test and computation technology for hot-wall transparent
materials. Big size and Si(B)-0O-N-(M) based materials are the important trend for developing new hot-wall transparent
materials.

Key words: hot-wall microwave-transparency; blackout; heat barrier; melting ablation; evaporation ablation; mix-
mode ablation of melting/evaporation
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Table 1 The blackout of different aerospace vehicles!?~*!
Aerospace vehicles Structure Blackout time/min Remark

RAM C Blunt nosed cone ~0.5 For investigating the reentry communications blackout
Apollo Blunt nosed cone 3~4 Depends on the different band
Shuttle Lifting-body ~16 Before employed TDRESS

Mars Pathfinder Blunt nosed cone ~0.5 Pass across the Mars aerosphere
Galileo Blunt nosed cone ~30 Pass across the Mars aerosphere

Sharp RV Sharp cone ~0 Probably exists blackout in seconds
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Fig. 2 The dielectric loss of HPBN obtained by different methods
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Fig. 3 Real-time hot-wall microwave-transparency characteristics of different SiO, materials
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Fig. 4 Hot-wall microwave-transparency mechanisms
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Table 2 Factors for hot-wall microwave-transparency study

Ablation mode

High-temp & wide-band mode

Ablation mode mechanisms and analysis method in unbal-

. ance state;
Design

mal properties

Material

new system

. Fabrication for large components ;

Preparation . - L
high efficient and low cost fabrication ways

Dielectrical properties in high temperature ;

- wave transmission properties in high temperature;

Examination e prop .° P ’
uniformility of electrical properties;
thermal and mechanical properties

Modified electrical properties;
Application machining and connecting;

environmental protection

Harmonize and optimize mechanical, electrical and ther-

Improve existed material system; design and development

Large-scale analysis for wide-band wave transmission;;
structure design for Wide band;
hot structure design

Tougher and lower electrical loss materials;
heat insulation and wave transmission material

Grads and multi-layers fabrication processing;
Y 5
porous structure fabrication

Dielectrical properties in high-temp and wide-band;

wave transmission properties in high-temp and wide-band;
uniformility of electrical properties;

Hot-structure testing

Modified electrical properties;
machining and connecting;
environmental protection
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Table 3 the candidate methods for testing high-temperature dielectric properties
Test method High Q cavity Short-circuited Perturbation  Open coaxial-line  Free-space Stripline cavity
st metho method line method Method method focused method method
—— N W
Test model \ C i ﬁ@ﬂt é%?
est mode \ s
b
Dielectric constant 5 1~100 1~20 1~100 1~100 1~15
scope
Loss tangent scope <0.05 <2.0 <0.1 <2.0 <2.0 <0.05
coaxial-line ;
$50 mm (Out diameter) ¢4 mm $150 mm 10 mm X35 mm x5 mm
Sample si (7 ~18 GHz) ¢7 mm, (2 ~7 GHz) S bld (2 ~7 GHz) (2 ~4 GHz)
ampre size $300 mm (In diameter) $3 mm ¢l mm $14 mm $50 mm 10 mm x 35 mm x2 mm
(2 ~7 GHz) ( Wave-guide) : (7 ~18 GHz) (7 ~18 GHz) (4 ~8 GHz)

>75 mm x 30 mm(2 GHz)
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Ceramic

Ceramic matrix composites

Aluminum oxide, pyroceram
(cordierite ) , beryllium oxide,

silica, silicon nitride, boron ni-

Phosphate,,

silica/ aluminum  Silica, quarz fiber, boron ni-

Material system

oxide/mullite composite, silicon

tride fiber, silicon nitride fiber,

tride Si-Al-O-N  complex . . . . -
¢ R omplex, nitride,, boron nitride, precursor  aluminum oxide fiber,
complex phase with nitride or . . S
. . . derived ceramics mullite fiber

oxide, Si-O phased ceramic by

PIP process

Pressureless sintering, reaction
Preparation sintering, pressure sintering, Recurrent Infiltration process, pressure compacting, winding
process Hot pressure sintering,  process, Precursor Infiltration pyrolysis, in-situ compacting process

HIP, CVD
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