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ABSTRACT . ' ' • 

The performance of a thermionic fuel rod consisting of 
fifteen thermionic diodes in series is calciilated when the 
axial input power distribution is non-flat, but varies as a 
triHicated cosine curve. The calculations are based on the 
numerical solution of a set of ordinary differential equa
tions approximating electrical conduction and heat transport 
in a cylindrical thermionic diode. Experimentally determined 
cTirrent voltage characteristics at constant cesium pressure 
are used to determine emission current density as a function 
of emitter temperature and voltage. 

Maximum power output and maximum efficiency are cal
culated for (a) a series of diodes with all emitter supports ' 
having the same resistance, and (b) a series of diodes in 
which the emitter support resistances are adjusted individu
ally. This is done with the constraint that the maximum 
emitter temperat\ire is 2100°K for values of minimum to peak, 
(thermal) power ratio ranging from 1.0 to 0.6. 

The restilts show that considerable improvement in therm
ionic fuel rod output can be obtained by varying emitter 
support resistance versus choosing a constant support re
sistance for the series arrangement of the fifteen thermionic 
cells. 

INTRODUCTION 

The performance of thermionic fuel rods consisting of a number of therm
ionic cells in series is generally considered to be very sensitive to the de
gree of flatness of the axial power distribution in a thermionic reactor. 
There are several possible ways to compensate, at least in part, for the effects 
of non-flat axial power distributions. Among these, perhaps the simplest is to 
vary the emitter support resistance from one thermionic diode to the next. 
This paper presents the results of an investigation of the extent to which the 

Work performed under the auspices of the U. S. Atomic Energy Commission. 

NTIAL^ 



DISCLAIMER 
 

This report was prepared as an account of work sponsored by an 
agency of the United States Government.  Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights.  Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof.  The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 



DISCLAIMER 
 
Portions of this document may be illegible in 
electronic image products.  Images are produced 
from the best available original document. 
 



effects of non-flat axial power distributions can be compensated by this pro
cedure. The calculations for this investigation were done with the use of the 
computer code for determining the performance of cylindrical thermionic diodes 
which was described at the I966 Thermionic Conversion Specialist Conference.1 
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•2 -̂  COI-IFUTER CALCULATION 

The computer calculation which was used in this investigation is described 
briefly as follows. The partial differential equations representing electrical 
conduction and heat transport in a cylindrical thermionic diode have been ap
proximated for a one dimensional model by a set of ordinary differential equa
tions. By solving this set of equations, axial variations of temperature and 
voltage are determined for a single diode. Experimentally determined current-
voltage characteristics at constant cesixom pressure are used to determine emis
sion current density as a function of emitter temperature and voltage. The set 
of equations and the boiindary conditions for which solutions are obtained, 
together with the calculational procedure, are given in Ref. 1. 

The performance of a fuel rod consisting of series connected diodes can 
be evaluated by means of successive computer calculations with properly ad
justed boundary conditions corresponding to successive diodes in the fuel rod. 

OPTIMIZATION OF THERMIONIC FUEL ROD PERFORMANCE 

The calculation summarized above was used to determine optimum emitter 
support resistances with respect to maximum efficiency and maximum power output 
for a thermionic fuel rod consisting of 15 thermionic diodes connected in 
series. The calculational model is shown schematically in Fig. 1. Axial power 
densities were assiiraed to vary as truncated cosine curves symmetric about the 
center diode in the fuel rod. 

For a given axial power distribution, the emitter support resistances were 
optimized for 

a) a fuel rod with all emitter supports having the same resistance, and 
b) a fuel rod for which the emitter support resistances were adjusted 

for each diode individually. 

As is well known, thermionic diode performance is usually enhanced by in
creasing emitter temperatures. In order to be reasonably realistic, maximum 
emitter temperatures were constrained to 2100''K in this study. It was found 
that, for the fuel rod considered, both maxim\im efficiency and maximum power 
output occur for designs which permit the maximum allowed emitter surface tem
perature for some, if not all the diodes in the rod. 

For a given thermal power distribution, characterized by a minimum to peak 
thermal power ratio (the ratio of average thermal power in the end diode to 
that in the center diode), the process of optimizing rod performance starts 
by selecting a value of the current. Selection of a value of the thermal power 
in the center diode then establishes the thermal power for each of the remain
ing diodes. 

For case (a) the emitter support resistance of the center diode is then 
varied to achieve the raaxiraim allowed emitter surface temperature. This value 
of emitter support resistance is then used for the remaining diodes, and the 
performance of the rod (electrical power output or efficiency) is calculated. 
This process is repeated with different values of the thermal power for the 
center diode until optimum performance is attained at that current. The 
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current is then varied and the process repeated until optimum performance with 
respect to emitter support resistajice and current is achieved. 

For case (b) the optimization procedure is the same as for case (a) except 
that for each value of the current and thermal power level, the emitter sup
port resistance of each diode is varied to achieve maximum electrical power 
output with the constraint that the maximum emitter surface temperature shall 
not exceed 2100'*K. 

RESULTS - -•-• -•- • 

The thermionic fuel rod for which results are reported here consists of 
thermionic diodes which' have the dimensions and material properties given in 
Table 1. 

Two sets of current-voltage characteristics were used to obtain the emis
sion current density: 

a) Wilson-Lawrence data for a W-Ni diode with 5 mil spacing and a cesium 
reservoir temperature of 643°K; 

b) TBEC03 data for a W-Mo diode with 7 mil spacing and a cesium reservoir 
temperature of 598"K. 

For a H calcvilations the collector temperature was 1000°K. Variable emit
ter support resistances were obtained by varying the inside diameter of the 
emitter support. Calculations were done for values of minimum to peak power 
ratio of 1.0, 0.8 and 0.6. 

In Fig. 2, maximum electrical power output for cosine shaped axial power 
distributions is compared to maximiom electrical power output for a flat axial 
power distribution. Results are given for the cases of constant emitter sup
port resistances and of variable emitter support resistances and for both 
Wilson-Lawrence and TEECO current-voltage characteristics. Similar comparisons 
for maximum efficiency are given in Fig. 3. Minimum specific mass designs are 
\isually intermediate between designs for maximtim efficiency and designs for 
maximum power output (see, for instance, Ref. l). 

As indicated by Figs. 2 and 3> the fractional decrease in both maximum 
attainable power output and overall efficiency due to non-flat axial power 
distributions is essentially the same for high performance diodes corresponding 
to the Wilson-Lawrence current-voltage characteristics and for relatively low 
performance diodes characterized by the TEECO characteristics. Losses in maxi
mum power output are typically almost twice the losses in maximum efficiency. 
The amount of potential recovery of these losses by the use of variable emit
ter support resistances is about helf the original loss. 

For a given thermionic diode geometry, optimxmi performance (either maximum 
efficiency or maximum power output) for a single diode is obtained at a tinique 
operating point. For this study, such an operating point is determined by 
values of the current and the emitter support resistance. It might be expected 
that an optimum operating point for a rod with a non-flat power distribution 
would be quite different from the corresponding optim\xm operating point for a 
single diode. This is not generally true for rods with constant emitter sup
port resistances. Optimum operating points for these rods are essentially the 
same as for single diodes. This means that, for the case of constant emitter 
support resistances, the center diode in a rod will have the maximum allowed 
emitter surface temperature, ajid all other diodes in the rod will have maximum 
emitter surface temperatures which are less than the maximum allowed. 
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For the case of variable emitter support resistances, performance can be 
improved considerably by choosing operating points which permit higher emitter 
surface temperatures for diodes which are not near the center of the rod. 
Emitter support resistances are relatively small for diodes near the center of 
the rod and increase for diodes near the ends of the rod. Such a design per
mits large thermal leakage by conduction from diodes near the center of the rod, 
but this disadvantage is more than offset by increased power output from other 
diodes. 

Figure 4 consists of curves of the maximum emitter temperatvire of suc
cessive diodes for the fuel rod design corresponding to maximum efficiency 
based on Wilson-Lawrence current-voltage data. In Fig. 5) values of the cal
culated optimum emitter support resistances for these designs are given. Cor
responding sets of curves for maximum power output designs exhibit similar 
behavior. 

CONCLUSIONS 

In a fuel rod consisting of series connected thermionic diodes, the de
gradation in performance due to non-flat axial power distributions can be 
partially compensated by optimization of individual emitter support resistances. 
For the thermionic fuel rod considered in this investigation, more than half 
the loss in maximum efficiency and maximum power output incurred with constant 
emitter support resistances can be recovered by this procedure. 

Since axial power flattening in thermionic reactors is difficult to 
achieve, particularly for small fast reactors, the use of individually optimized 
emitter supports appears to offer a convenient partial alternative for enhancing 
reactor performance. 
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TABLE 1 

DIMENSIONS AND MATERIAL PROPERTIES OF THERMIONIC DIODES 

Emitter length 

Emitter diameter i ' , L 

Emitter support length 

Emitter support outside diameter 

Emitter support Inside diameter 

Collector thickness 

Thermal conductivity of emitter 

Thermal conductivity of emitter support 

Emlssivity of emitter and emitter support 

Emissivity of collector 

Resistivity of emitter 

Resistivity of emitter support 

Resistivity of collector 

4.0 cm 

1.2 cm 

1.0 cm 

0.8 cm 

variable 

0.127 cm 

0.35 w/'K-cm 

0.65 W/°K-cm 

0.3 

0.15 

150 (A ohm-cm 

55 u, ohm-cm 

25̂Jl ohm-cm 

V 

INSULATOR 

COLLECTOR 

•EMITTER 

MODEL FOR THERMIONIC FUEL ROD CALCULATION 

FIG. 1 . (No Caption) 
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FIG. 2. Relative Maximum Electrical Power Output as 
a Function of Minimjjm to Peak Thermal Power Ratio 

TEECO 
CURRENT-VOLTAGE DATA 

VARIABLE EMITTER 
SUPPORT RESISTANCE 

CONSTANT EMITTER 
SUPPORT RESISTANCE 

WILSON-LAWRENCE 
CURRENT-VOLTAGE DATA 

VARIABLE EMITTER 
SUPPORT RESISTANCE 

CONSTANT EMITTER 
SUPPORT RESISTANCE 

1.0 0.8 0.6 
MINIMUM TO PEAK THERMAL POWER RATIO 
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