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ABSTRACT

IN THIS THESIS, WE RESEARCHED IN THEORY OF THERMIONIC
CONVERTER THAT IS ONE OF DIRECT ENERGY CONVERTION EQUIPMENTS.
THERMIONIC CONVERTER WORKS IN. THE PRINCIPLE OF THERMIONIC
EMISSION THAT METAL CAN EMITT ELECTRON WHEN IT IS APPLIED HEATﬂ
AND WE USE PROGRAM COMPUTER TO SIMULATE THE OPERATION OF
THERMIONIC CONVERTER , DISPLAY RESULTS OF PROGRAM CALCULATION ,
SAVE RESUiTS OF CALCULATION INTO- FILES AND CREATE GRAPH- OF
OUTPUT CURRENT CHARACTERISTIC . MOST PROGRAMS ARE WRITED BY
FORTRAN LANGUAGE EXCEPT PROGRAMS THAT USE FOR CREATE GRAPH ARE

WRITED BY PASCAL LANGUAGE.
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2.3) IDEAL OUTPUT POWER CHARACTERISTIC
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CO W FUN - @1 FIELD MODIFIED COLLECTOR WORK FUNCTION (eV).
JE - @7 FIELD MODIFIED ELECTRON EMISSION 3I1n3iatsad

(AZcn”)
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JC

IE

IC

@1 FIELD MODIFIED ELECTRON EMISSION 31n@dalan
1 2
tA9% (A/cm )
@1 FIELD MODIFIED ION EMISSION 31n3R@iea3(A/cn™)
@1 FIELD MODIFIED ION EMISSION 31NAARLAALADS

(A/cn’)

3) OUTPUT OPTION IP3

tﬂunﬂ1uaaqwanaq CHARGED PARTICLE DENSITY PROFILE mnav

] J . . : -~ [] 3{
ATELRRARZAN TOARENINITUAAINANAZAI1BINTEUR TN Hanassaa i

INT CON K
MODULUS M
Y(X = 0)
P(X = 0)
Y(X = D)
P(X = D)

' < -
A1ONNVANAITIUNLNTR

ELLIPTIC FUNCTION MODULUS M

- CHARGED PARTICLE DIMENSIONLESS DENSITY AT

EMITTER EDGE OF PLASMA

CHARGED PARTICLE DIMENSIONLESS DENSITY GRADIENT
AT EMITTER EDGE OF PLASMA

CHARGED PARTICLE DIMENSIONLESS DENSITY AT
COLLECTOR EDGE OF PLASMA

CHARGED PARTICLE DIMENSIONLESS DENSITY GRADIENT

AT COLLECTOR EDGE OF PLASMA

4) OUTPUT OPTION IP4

Lﬂunﬂﬁuﬁaqwanaq PLASMA PROPERTIES ¥a<nTrUduAaz@A  Taale

. - : o H
NINITUAGINANAZAINANNTEUR  TeNtauaaeAaliu

CS DEN

E-MFP

I-MFP

GAMMA
EL TEMP
SAHA DEN

COUL RES

A21UNUILULEENTA CESTUM (cm )
4749u1ay ELECTRON-CESIUM MEAN FREE PATHS ACROSS
PLASMA (DIMENSIONLESS)
3947u88VION-CESIUM MEAN FREE PATHS ACROSS PLASMA
(DIMENSIONLESS)
w1913 123189017 IONIZATION (¥) (DIMENSIONLESS)
Y -
BUMANTEIELARATAUNAIINT  (K)
] < é -2
A MMMMIKLUTAVAUN1ALTEAT HuAAS SAHA (cm *)
@7 PLASMA COULOMB RESISTIVITY ¢ cm)
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daa ¢
naNeLeas (A/cm)

JI(X =0) - a37uvuiuuunasnszudiaasu
’ - 'S
JI(X =D) - @274MRILUUTANNTEUAI2BAUNAERLIAALADT (A/cn®)

S) OUTPUT OPTION IPS

Lﬂunﬂ1udaewanaq PLASMA PROPERTIES ?oazﬁqnﬂiuﬂﬂeﬁagaﬁqda
N
Myiaanu1Ra CURRENT , VOLTAGE , POWER , EFF , HEAT IN TagITUFAINR

! < . .
qnﬂqnaqn1suans11n1nq1ﬂ1u1m
N ' ‘
uanN3IINNIUAITURASHALA OPTION 3sudavan1  THERMIONIC CONVERTER

) ' » - < N
OPERATING CONDITION aanutal8tdua{slnizudaiwaaa OPTION ranaIN B9

EM TEMP - qmngﬁnaﬁﬁﬁmtaaé (K)

CO TEMP - qmugﬁnaﬂnaataﬂtmaé (K)

RES TEMP - ammiizasia (K)

SPACING - iHrWiIeTEMineia (nils)

WFEO _ ZERO FIELD EMITTER WORK FUNCTION (eV)

JEO _ ZERO FIELD ELECTRON EMISSION FROM EMITTER (A/cm”)

IEO - ZERO FIELD ION EMISSION FROM EMITTER (A/cm”)

WFCO - ZERO FIELD COLLECTOR WORK FUNCTION (eV)

JCO - ZERO FIELD ELECTRON EMISSION FROM COLLECTOR
(A/cm™)

1CO - ZERO FIELD ION EMISSION FROM COLLECTOR (A/cmd)

UBNIINNTITUHAINAUUIDATWLAY Q?ﬁﬁeaﬁuﬂin501ﬁtﬁudﬂtaﬂﬁgnnaq

TuTunTuasliidatoanans

4.5.2 L2MWNDY SIMGRAPH.EXE

tﬁaeﬂﬂﬂtaﬂﬁqnnaq SIMGRAPH. EXE 5utﬁunﬂ1ﬁ¥ﬂﬂtaqﬁ§n1ﬁiﬂ1
uns4 DISPLAYB.EXE tnluwiaansny ¥eiu Iemananiafieasgnaingg &ant

TiUsun9u SIMGRAPH.EXE qzﬁ1n11uam¢dﬂtaﬂﬁqnnaqu1e§uaanuﬂtﬁﬂ
Hua1189 MAXPOINT N1#37nTUTunTs YSCALE.EXE LT LY TR P ML

'Y} ] . ' [ '
WMidsungy DISPLAYB.EXE a1y taziia1luwaaanIvwaealy
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4.6 ﬂﬂ?ﬂﬁﬁﬂﬂﬂﬂ??ﬁﬂ1unﬂﬂTﬂ1uﬂ1N SIMCON

4 '
tuavannTisunTyd  SIMCON azil 2 TUsuningas Aa SIMPROP.EXE uax

ol
~ e

SIMGRAPH.EXE G9ii% 3902u9n1Inasausaniiu 2 a7u Aa

4.6.1 n1anadauTysunsy SIMPROP.EXE

TUTunsy  SIMPROP.EXE 3&sn1n1791aavn1Ineaavnsy THERMIONIC
o « dajaa {d . w o L
CONVERTER rianiu733 CESIUM NHBNALABTINA28TNLIAU (WIUASABRLAALADTIND

Lo d L fd ar ”H
AraTududiln (Mo) Tazauduiifzaviisdiau Tudvdlin uaz CESIUM TdeNAn

s
ANALADT (W)

iwiinazaan (anu) 184
ZERO COVERAGE WORK FUNCTION (eV) 4.75
FULL COVERAGE WORK FUNCTION (eV) 1.95
HEAT OF SUBLIMATION (eV) 8.61
FdivavTane (A) 1.37
BOND STRENGTH 2.62
SUBSTRATE ATOM DENSITY (A-z) 0.192
ADSORPTION SITE DENSITY iA-g) 0.048
D, ENERGY 1.564
EMISSIVITY INTERCEPT 0.020
EMISSIVITY TEMPERATURE COEFF. (K ) 0.117%10 °

{
fapalaaland (Mo)

iwiinavaan camu) 06
ZERO COVERAGE WORK FUNCTION (eV) 4.38
FULL COVERAGE WORK FUNCTION (eV) 1.95
HEAT OF SUBLIMATION (eV) 6.77
fdunavians (A) 1.36
BOND STRENGTH q 2.31
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SUBSTRATE ATOM DENSITY (A™%)
ADSORPTION SITE DENSITY (A%
D, ENERGY

EMISSIVITY INTERCEPT

EMISSIVITY TEMPERATURE COEFF. (K

1a (Cs)
i niinazaay (anu)
HEAT OF SUBLIMATION (eV)
FaunavTane (A)
BOND STRENGTH (DIMENSIONLESS)

IONIZATION POTENTIAL (eV)

ELECTRON-NEUTRAL CROSS SECTION Pla

ION-NEUTRAL CROSS SECTION (A7%)

o4 {
A1RINFulsvInTnay RECOMBINATION (k)

o4
A1A9Nn SCHOTTKY EFFECT (k)

0.192
6.048
1.065
0.0

0.103%10 °

400

570

268

2.8%10"

1an augaiqﬁﬁ THERMIONIC CONVERTER N147uTudn1wn 13119 uaa

Y a
TUu a8
- <o 4
aunpiinavaNaLany T,
[
AMMNNTAYABAIARLART T
auwpilnas CESIUM T,

V)
sraeniI9TENIsia d

EMITTER EMISSIVITY INTERCEPT A_
dﬁﬁuﬂisanénac EMITTER EMISSIVITY
TEMPERATURE B_

COLLECTOR EMISSIVITY INTERCEPT A,
d1¥uil7eAnF1a COLLECTOR EMISSIVITY

-TEMPERATURE B
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2000.0 K

1000.0 K

600.0 K
10.0 mils
0.02

1.17e-4 X °

0.00

1.03e-4 K *



. . [ 4 '
Tﬂﬂﬁl‘3'161’3\371']7?1'Iu')mﬂ"lﬂ'lnﬂ\i‘l“"i‘i"la LARATATING NEIAITHAURILUY

¢ - y
nacnsguﬁtaqnqn avaallu
0.0,1.0,2.0,...,19.0 Amps

4 3 ' - 1 v . [ v] t 24 - v
inan1n1TdauABuwnane kRN 1TFUTUTUATHAUATULRY A=TaAN
]

s - N
laﬂnﬂﬂ Ay

THERMIONIC CONVERTER OPERATION CONDITIONS

EM TEMP  CO TEMP  RES TEMP  SPACING WFEO . JEO IEO ¥FCO Jco
2000. 000 1000.000 . 600.000 10.000 3.060 9.414  .158374 1.749 .184

OUTPUT CURRENT CHARACTERISTIC

CURRENT YOLTAGE POVER EFF E-COOL I-COOL CS COND TH RAD HEAT I

.000 1.946 .000 .000 .083 .006 1.833 8.853 10.77
1.000 1.435 1.435 .101 3.556 .009 1.833 - 8.853 14.25
2.000 1.248 2.492 143 8.748 -.001 1.833 8.853 17.43
3.000 1.185 3.555 172 9.987 -.018 1.833 8.853 20.85
4.000 1.145 4.580 .192 13,235 -.043 1.833 8.853 23.87
5.000 1.106 5.531 . 204 16.465 -.080 1.833 8.853 27.07
6.000 1.085 6.391 .211 19.667 -.132 1.833 8.853 30.22
7.000 1.021 7.150 .215 22.836 -.202 1.833 8.853 33.31
8.000 975 7.801 215 25.STP -.294 1.833 8.853 36.36
9.000 .927 8.340 .212  25.086 -.411 1.833 8.853 39.34

10.000 .875 8.754 207 32.125 -.554 1.833 6.853 42.25
11.000 .822 9.038 .200 35.143 -.728 1.833 8.853 45.10 -
12.000 . 768 9.198 .192 38.124 -.933 © 1.833 8.853 47.87
13.000 .709 8.211 .182 . 41.658 -1.177 1.833 8.853, 50.56
14.000 .643 $.005 .169  43.921 -1.478 1.833 8.853 53.12
15.000 ST7 8.658 .156  46.748 -1.819 1.833 8.853 55.61
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AT WT
184.000

AT ¥T

96.000

AT ¥T

133.000

EM ENIS
.020

THERMIONIC CONVERTER PROPERTIES

EMITTER PROPERTIES

BYFUN CVWFUN SUB HEAT  RADIUS  BOND STR
4.750 1.950 8.610 1.370 2.620
COLLECTOR PROPERTIES
BYFUN CV¥VFUN SUB HEAT  RADIUS ~ BOND STR
4.380 1.950 6.770 1.360 2.310
VAPOR PROPERTIES
SUB HEAT = RADIUS  BOND STR  ION POT  E-N XSEC
.730 2.680 1,000 3.8%0 400.000
RADIATION PARANITERS
EXNT COEF  CO EMIS €O T COEF
.117E-03 .000 .103E-03

(53)

SUB DEN  ADS DEN D1 ENE
.192 .048 1.56
SUB DEN  ADS DEN D1 ENE
.192 .048 1.06
I-N XSEC  REC CON  SCHO
570.000 .000 1.



CONVERTER PROPERTIES FOR J = .000
YOLTAGE AND EMISSION CURRENT SUMMARY

EM ¥ FUN  EM SHEATE  PL VOLT CO SHEATH CO W FUN JE

3.040 -.167 379 425 1.731 10.568
PLASHA PROPERTIES

CS DEN  E-MFP  I-MFP  GAMMA  FL TEMP  SAHA DEN COUL RES

.230E+17  13.745 13.852  1.246 1965.545 .22BE+i4 LA07
CRARGED PARTICLE DENSITY PROFILE

INT CON X  MODULUS  Y(X=0) P(X=0)  Y(X=D)  P(X=D)
1.361 .929 1.133 -.828 120 -1.439

(54)

Jc IE IC.

.228 .139292 .000

J1(X=0) J1(1=D)

.006087 .01057



CONYERTER PROPERTIES FOR J =  1.000
VOLTAGE AND EMISSION CURRENT SUMMARY

EX ¥ FUN  EM SHEATH PL VOLT  CO SHEATE  CO ¥ FUN- JE Jc IE IC

3.040 -.169 .207 .098 1.742 10.578 .201 .139165 .000
PLASMA PROPERTIES

CS DEN  E-MFP  I-MFP  GAMMA  FL TEMP = SAHA DEN COUL RES J1(X=0) J1(X=D)

.230E417  13.745  13.852 .965 1915.020 .165E+14 433 .009179 .00607
CHARGED PARTICLE DENSITY PROFILE

INT CON X MODULUS  Y(X=0) P(X=0) Y(X=D) P(X=D)

2.748 .802 1.524  -1.804 095  -1.594
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AMINARALAIINANADYYaITYTUNTY SIMPROP.EXE

IMNWANIINAFaUTUIUNTH Lﬂat1ﬂﬁﬂua#15u1Lﬂ?antﬁauﬁuwanﬂsﬁﬂ
uTuI189Iun8y  NUCLEAR THERMIONIC POWER OPERATION , NUCLEAR
TECHNOLOGY DEPARTMENT , GENERAL ELECTRIC COMPAﬁY NO GESR-21091789
SIMCON : A DIGITAL COMPUTER PROGRAM FOR COMPUTING THERMIONIC
CONVERTER PERFORMANCE CHARACTERISTIC I4wan13iuisuiiautéuanisdiun

v ’.
Lnﬂﬁuqnﬂﬂ RPN 171wad§ﬂ151ﬁ N1T118 14T TYTUnT SIMPROP.EXE gnﬁaq

4.6.2 nrinadautdTundy SIMGRAPH.EXE

4 . J : "
Luanﬂnﬂiﬂauﬁuqnn1§1un11na#au1ﬂ1un1u SIMPROP.EXE U&7
TUsunT8 SIMGRAPH.EXE ®374n37Waanua wavaantiu THTUIunTn SIMPROP.EXE
. . ar 4 v [y ar 3
(RURE LRI BEVELEEI R EL I TELEEE ERTR N 8 ERLE LY Te1duunusanTrud

13 - - . -~ g
Taa?ﬁﬂﬁauqntaaﬂnu FIMAUANITNAT DU IR

THERMIONIC CONVERTER OPERATION CONDITIONS

BMTEMP TP RES TR  SPACING WFED JEO 1150 WFCD
JO . _Im
2000.000 1000.000 600.000  10.000  3.060  9.414 .156374 1.749 .isa .000000

OUTPUT CURRENT CHARACTERISTIC

CURRENT VOLTAGE POWER EFF E-CO0L I-000L CS D TH RAD HFAT IN

22.680 003 .01 .00l 66.805  =6.393 8 :

22.690 003 .057  .001 66.830  -6.401 isgg gggg %%
22.700 002 039 .00 66.855  —6.409 1833 8.853  7TL.131
22.710 001 022 000 66.880  ~6.418 1.833  8.853  71.148
22.720 000 005 .00 66.90  6.4% 1.833  8.853  T1.164
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. ld r ar
INNNANVTAMNMWWUIINATEUE 22,72 Amps/cm2 qswuqnuusomutﬁu 0.00
.ﬁldﬁ ] L] .;3 < v
\' T9L uﬂqnustqmimmenaqunu Y waa AYUU quqawaasﬂ§ﬁ1ﬂ1ﬂ Tsungu

d V¥ v} 3
FM1TavaaandIIWlaaIvnNuUNan1ITaA UnnaSTUsunIe SIMPROP.EXE

A.7 A1 8UL NBUNANITAIMNUNUNANITNARD

4 4
AMNWANIINARBINTARINTIHIIUL D TECO 1989 "EMITTER CRYSTAL
STRUCTURE STUDY" J.P.L REPORT,NASA CONTRACT 950228 TECO REPRORT,TE
Y <
36-64. TAHTUINIAIIULL HUNANITNAARSTTE9n THERMIONIC CONVERTER Tipn®
¢al . g .
Lﬁainnﬂaﬁa POLYACRYSTALLINE,HEAT-TREATED TUNGSTEN , COLLECTOR 1NN
aQﬂ POLYCRYSTALLINE MOLIBDINUM
4 - 1 ] - - A
L¥au1IAT  PROPERTY @149 € ININN1TAMWMINM Ted SIMCON 1 CONDITION
[} t %) . ] ar 4 t .
A4 LRIUIEINTEUALAZUTIGRIHYINTARINAITAIUINLALNITNAREY N1 PLOT

) PV - L) H
f177%W OUTPUT CURRENT CHARACTERISTIC aztanIvavaatunaa

(58)



1640 818 6.0 603

50 8406.0 605

17
i 1850

I

882 6.0 605

i 1350 €10 6.0 605

(°K) (

-

°K )M CK)

Measureéd
#— == ——— Computed

0.4

0.2

~ -~ =

fEu\ sdwy) Juazang inding

Ovtput Voltage

(59)



32

2
— N ~N N
o~ (=] de o

Output Current Denwlty (Ampa Jem

[
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Curve TE TC i Tcs
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IMNNTIWILULIT NANTEUFAITUR A THUANRINTERIINHANITATIUIN NUNA

< W P S - X ' < X &
n1TInNaaaNIziaIuDg LUBAINTEUALWHIU A2qdLaNRIYAITUInTIURIuTUe 28

«

4.8 wan1InNaaavl¥TUIUNIy  SIMCON  #319n37Wp8s  OUTPUT CURRENT

< '
CHARACTERISTIC Namuaii@19718y EMITTER

naanv Ty TUTunTn  SIMCON #319n97W OUTPUT CURRENT CHARACTERISTIC

4 4 : L
namwniinay EMITTER id1iniiy 1800, 1900, 2000, 2100, 2250,2400 Tasail

- 4 < - : - [ H
qmﬁuuaauqtnuauﬂu STACHERL LRLTR IO

" )

TE-1800
TE-1900
TE-2000
TE-2100

TE-2250

Output Current DPensity ¢ As/c

TE-2400

Output Uoltage ¢ v ) -

Thermionic Converter Characteristic
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