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Introduction:  The Fission Power System (FPS) 

project at the NASA Glenn Research Center (GRC) has 

established an initial concept definition for a 40-kWe 

system which could be used by a variety of exploration 

missions [1].  The current focus of the FPS project is 

the Technology Demonstration Unit (TDU), which is a 

system level test, using full-scale FPS components in a 

thermal vacuum environment.  The original design of 

the TDU radiator was a close approximation of the FPS 

design.  However, budget restrictions now require less 

prototypic, more affordable radiator designs to be con-

sidered. 

The FPS radiator design consists of two high con-

ductivity composite face sheets bonded to opposite 

sides of titanium-water heat pipes.  The FPS team has 

tested variations of this design from several different 

vendors on multiple sub-scale panels [2] and one full-

scale panel (2
nd

 Generation Radiator Demonstration 

Unit)[3].  These panels each use high conductivity 

composite materials in a dual facesheet configuration 

and low density graphite foam saddles to attach the 

round heat pipes to the flat facesheets. 

This paper describes the trade study which led to 

the baseline conceptual design of an affordable radiator 

for the FPS TDU.  The design focuses on reducing 

radiator material costs while replicating, as closely as 

possible, the performance and response of the proto-

typic radiator. 

Preliminary Trade Study:  Two basic panel 

layouts were considered.  The first uses a single face-

sheet with heat pipes bonded directly to the facesheet 

(Figure 1.).  The second uses saddles to bond the heat 

pipes to two different facesheets, similar to those used 

during component testing (Figure 2).   

 

 
Figure 1.  Single facesheet design with direct bonding 

of heat pipe to facesheet. 

 

 
Figure 2.  Dual Facesheet design with saddles connect-

ing heat pipes to facesheets. 

 

Facesheet dimensions were chosen by minimizing 

radiator mass for the required 36 kWt of heat rejection, 

using a simple finite difference model of the heat pipes 

and facesheet.  This process was repeated for both pan-

el layouts, using a variety of facesheet and saddle mate-

rials.  Due to manufacturability and structural consid-

erations 0.25 mm was selected as the minimum face-

sheet thickness for both composite and aluminum face-

sheets and the maximum allowable radiator area was 

set by the TDU specifications at 55 m
2
.  Figure 3 

shows an example of the output from these optimiza-

tions for a 2-sided high conductivity composite face-

sheet using graphite foam saddles, similar to the FPS 

baseline design.  Also included in figure 3 are the 

measured values of mass and area from the full-scale 

2
nd

 gen RDU panel which was tested at GRC. 
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Figure 3. Facesheet optimization for 2-sided high con-

ductivity composite facesheets with graphite foam sad-

dles. 

 

For 2-sided high conductivity composite facesheets, 

the facesheet geometry which minimizes mass requires 

an unacceptably large radiator area.  The designs that 
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were identified as optimal have slightly higher mass, 

but require only 45 m
2 

to reject 36 kWt.  When the de-

sign above is extended to 55 m
2
 the result is a 25% 

power margin and a projected mass that is within 10% 

of the mass of the 2
nd

 Gen RDU.  

Similar optimizations were performed for each 

panel layout, facesheet material, and saddle material.  

The results of those optimizations are summarized in 

Table I.  The mass numbers reported in Table I consist 

of facesheet and heat pipe mass only.  The mass of 

manifolds and structures were neglected in this trade 

study.  The numbers reported here are rough estimates, 

based on simplistic models used to identify trends and 

determine if there are clear winners and losers.  More 

detailed analysis and optimization will be done on spe-

cific designs to refine these numbers once a specific 

design is selected. 

 

Table I.   Summary of radiator mass and material cost 

for 36 kW heat rejection 

Design 

Description 

Total 

Mass 

(kg) 

Material 

Cost  

($) 

High Conductivity Composite – 

Single Facesheet  
45 70 K 

High Conductivity Composite – 

Dual Facesheet– Poco Saddles  
100 200 K 

Low Conductivity Composite – 

Single Facesheet 
55 65 K 

Low Conductivity Composite – 

Dual Facesheet – Poco Saddles  
110 175 K 

Low Conductivity Composite– 

Dual Facesheet–  

Aluminum Saddles  

270 125 K 

Aluminum Facesheet –  

Single Facesheet  
63 35 K 

Aluminum Facesheet – Dual Face-

sheet –– Aluminum Saddles  
286 61 K 

 

Designs that reduce cost by replacing graphite foam 

saddles with aluminum saddles incur a substantial mass 

penalty and were not considered viable.  Single face-

sheet designs consistently have lower mass and cost 

than corresponding dual facesheet designs because they 

eliminate one facesheet and all saddles.  The single 

aluminum facesheet design reduces mass by 37% and 

reduces material cost by $165 K compared to the dual-

facesheet, high conductivity composite designs identi-

fied in the FPS initial concept definition.  For these 

reasons, the single aluminum facesheet design was se-

lected as the affordable baseline radiator. 

Dual facesheet designs were originally chosen over 

single facesheet designs because they offered improved 

structure and compensated for CTE mismatch between 

heat pipes, manifolds and facesheets.  Testing has been 

conducted on single facesheet designs at GRC in the 

past [4], but these designs have not been tested as tho-

roughly as their dual facesheet counterparts.   There-

fore, sub-scale prototypes are currently being designed 

and built which will be tested in thermal vacuum to 

verify performance, functionality, and reliability to 

reduce technical risk.   

Conclusions: 

The initial concept definition of the FPS heat rejec-

tion system specifies a radiator design consisting of 

dual-facesheet high conductivity composite radiators 

bonded to titanium-water heat pipes.  Several compo-

nent level tests were done on sub-scale and full-scale 

radiator panels which followed this design methodolo-

gy.  Originally, the FPS TDU radiator included a proto-

typic radiator based on the FPS specifications.  How-

ever, budget constraints have made it necessary to con-

sider alternative designs which are more affordable.  

This trade study identified single aluminum facesheet 

designs as an option which could reduce material cost 

by $165 K and could also lower radiator mass by 37%.  

Since this design has not been tested as thoroughly as 

the dual-facesheet high conductivity composite design, 

sub-scale prototypes must be fabricated and tested to 

verify functionality and performance prior to beginning 

fabrication of radiators for the TDU. 

References:  

 [1]Fission Surface Power Team (2010) NASA 

TM-2010-216772.  [2]Sanzi, J., Jaworski, D. (2011) 

NETS 3497.  [3] Ellis, D. et al. (2011) NETS, Paper 

3181.  [4] Rozzi, J., Hilderbrand, J. (2011) NETS, Pa-

per 3489. 

3031.pdfNuclear and Emerging Technologies for Space (2012)


