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X A B S T R A C T 

1 
As p a r t of the p r o g r a m for the d e v e l o p m e n t of a r e l i a b l e v a p o r -

fi l led t h e r m i o n i c c o n v e r t e r for u s e wi th a n u c l e a r hea t s o u r c e , a s e r i e s 

of inp i le e x p e r i i n e n t s was c o n d u c t e d . The i np i l e e x p e r i m e n t a l p r o g r a m 

c o n s i s t e d of two p h a s e s . 

The f i r s t p h a s e V/as a s e r i e s of inp i le h e a t t r a n s f e r e x p e r i m e n t s 

m which a n u c l e a r - f u e l e d e m i t t e r was o p e r a t e d a t the t e m p e r a t u r e s and 

hea t flux r e q u i r e d by the t h e r m i o n i c c o n v e r t e r . E m i t t e r t e m p e r a t u r e 

d i s t r i b u t i o n da t a with e l e c t r i c a l and n u c l e a r hea t s o u r c e s w e r e s i m i l a r . 

No a d v e r s e t e m p e r a t u r e p e r t u r b a t i o n s w e r e i n t r o d u c e d by the n u c l e a r 

fuel . 

The second p h a s e was the s u c c e s s f u l inp i l e o p e r a t i o n of the R C A 

C o n v e r t e r , Type A-1197A, for 300 h o u r s m the L y n c h b u r g P o o l R e a c t o r . 

A m a x i m u m e l e c t r i c a l p o w e r output of 155 w a t t s (2, 58 w a t t s / c m ' ) w a s 

p r o d u c e d a t a coinputed eff ic iency of 1 0 . 3 % . 
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1 INTRODUCTION AND SUMMARY 

1 1 I n t r o d u c t i o n 

1 1.1 P u r p o s e 

.•\s par* J* the p r o g r a m for the d c \ o lopmen t of a r e l i a b l e 

v a p o r - l i U e d t h e r n i i o n i c cor - e r t e r for u s e wi th a n u c l e a r hea t s o u r c e , a 

^ e r . e b of npi le expf - r .men t s h a s b e e n c o n d u c t e d . The w o r k w a s per fo rnned 

m conjunc t .on wi th ^Ki- Rad io C o r p - i r a t . o n of A m e r i c a u n d e r C o n t r a c t 

No NObs 8482 5 f r o m the U S Niivy B u r e a u of S h i p s . The o b j e c t i v e s 

of the m p i l e e x p c r : m e n t a l p r o g r a m w e r e 

1 To o p e r a t e a n u c l e a r - f u e l e d e m i t t e r at t he t e m p e r a t u r e s 

and hea t l lux r e q u i r e d by the t h e r m i o n i c c o n v e r t e r s deve loped u n d e r the 

p r u n e c o n t r a c t . 

2 To o p e r a t e a n j c l e a r - f u e l e d t h e r m i o n i c c o n v e r t e r in the 

Lynv.hburg P o o l R e a c t o r ( L P R i f o r a p e r i o d of up to 100 h o u r s . 

The pe r i od of per''c5riT>anc e for the inp . l e e x p e r i m e n t a l p r o 

g r a m vva^ J u n e 7, I'^bl to Janu .a rv 30, 1963 After the suci e s s f u l c o m -

p l t l i o n OS t •if 100 -hour t h e r m i o n i c - c o n v e r t e r e x p e r i m e n t , a p p r o v a l w a s 

ref e . ' <=.! ior the con t inua t ion oi ' h e inp le t e s t an add i t i ona l 200 h o u r s . 

1 1 2 P r o g r a m Desi r i p t i o n 

The o v e r a l l l e s t p r o g r a m for the d e v e l o p m e n t of a n u c l e a r -

' u e l e d t h e r m : o n ; c dev, i '> c o n s i s t s ot t h r e e m a j o r p a r t s 

1 E l e c t r i c a l l y hea*t-d c o n v e r t e r t e s t s , 

2 inp i le heat t r a n s f e r e x p e r i m e n t s . 

3 C ^ r v e r t e r e x p e r i m e n t s . 

The g e n e r a l a p p r o n c h h a s been to d e v e l o p the c o n v e r t e r and 

p r o v e Its p e r l o r inane e by e l e r l r . c a l t es t b e f o r e in i t i a t ing e x t e n s i v e r e a c t o r 

t e s t s Th'-oughout the c o n v e r t e r d e v e l o p m e n t p r o g r a m the r e q u i r e m e n t s 

l o r u l t i m a t e u s e of the c o n v e r t e r a s a s u b c o m p o n e n t of a n u c l e a r r e a c t o r 
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V. e r e c m s i d e r e d The s e l e c t i o n of m a t e r i a l s and the g e o m e t r y of the 

c o n v e r t e r w e r e t a i l o r e d to the r e q u i r e m e n t s of tiie n u c l e a r r e a c t o r fuel 

e l e m e n t At, a r e s u l t a p ro to type the r t n io l ie c o n v e r t e r uni t w a s m a n u 

f a c t u r e d by RCA for the inp i le t e s t o p e r a t i o n s . The d e s c r i p t i o n of the 

d e v e l o p m e n t of the c o - i v e r t e r d e s i g n h a s b e e n r e p o r t e d m a s e r i e s of RCA 

Q u a r t e r l y T e c h n i c a l R e p o r t s . T h i s r e p o r t d e s c r i b e s the s u b s e q u e n t inp i l e 

e x p e r i m c . . tal p rc igran i for t e s t i ng t h e s e d e v i c e s . 

The m p i l e e x p e r i m e n t a l p r o g r a m w a s d iv ided into tv\ 

The f i r s t of t h e s e \\a& a s e r i e s of m p i l e h e a t t r a n s f e r e x p e r i n i e n t s ir. .^h 

a : .uc lear - f jc lc -d e m i t t e r was opeCcstcd c t the h e a t flux and t e m p e r a t u r e s 

rr-qiiirc-d for t'ne t h e r m . o n i c c o n v e r t e r o p e r a t i o n . The s e c o n d p h a s e w a s a 

3 0 0 - h o u r life to s t of a n j . c l e a r - f u e l c d t h e r m i o n i c c o n v e r t e r in the Lynchbu rg 

Poo l R e a c t o r . The fr,lj;,vv;ng p a r a g r a p h s d e s c r i b e the conduc t of the inp i le 

e x p e r i m e n t a l p r o g r a m . 

1 1.3 Inpile E x p e r i m e n t C h r o n o l o g y 

To c a r r y out the plan. ied p r o g r a m of inp i l e e x p e r i m e n t s , it 

w a s in-cPBsar \ to u p g r a d e the pov. e r c a p a b i l i t y of the Lynchburg P o o l 

R e a c t o r to one m e g a w a t t , -A. f o r c e d c i r c u l a t i o n coo l ing s > s t e m for the 

r e a c t o r and a cool ing t u w e r w e r e added to the f ac i l i t y to p r o v i d e for the 

i n c r e a s e d p o w e r output T h e s e m o d i f i c a t i o n s w e r e m a d e by The B a b c o c k 

fi Wilcox C o m p a n y wi thout cos t to the c o n t r a c t and w e r e c a r r i e d out in two 

d'--ti ' ct s t e p s . The f i r s t mod i f i ca t i on p e r m i t t e d operatio.T at 450 KW for 

one h c u r , the sei.i;i c • - c r m i ' t t d con t i nuous o p e r a t i o n at one m e g a w a t t wi th 

f o r c e d c i r i i i l a t i o n 

Be fo re mod i f i ca t i ons to the poo l w e r e begun , a n u c l e a r m e a s 

u r e m e n t s p r o g r a m wa.-? coi iducted . One p u r p o s e of t h i s p r o g r a m w a s to 

verif\ tha t the upg rad ing s t eps w e r e c o n s i s t e n t wi th the p o w e r and t i m e 

r e q u i r e m e n t ^ of the s c h e d u l e d e x p e r i m e n t s . T h e s e m e a s u r e m e n t s e s t a b 

l i s h e d tha t a p o w e r leve l of 450 KW w a s a d e q u a t e for the h e a t t r a n s f e r 

e x p e r i m e n t s , but a p o w e r leve l of one m e g a w a t t would be r e q u i r e d to p r o 

vide suff ic ient m a r g i n to m e e t the p u w c i r i ; q u i r e m e n t s for the t h e r m i o n i c 

C c n v e r t e r e x p e r i m e n t . A s t rcord p u r p o s e of the n u c l e a r m e a s u r e m e n t s 

vv a s to d e t e r m i n e n e u t r u n i l ax d i s t r i b u t i o n s in the c o r e and in tlie e x p e r i 

i n e n t s . A c c u r a t e m o c k - u p s vvei" m a d e of bo th the h e a t t r a n s f e r and c o n 

v e r t e r m p i l e c o n f i g u r a t i o n s F lux and r e a c t i v i t y m e a s u r e m e n t s w e r e 

n^ade wi th t h e s e n ^ o c k - u p s . 
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While the n u c ' e e r measure in r^ . t . and m o d . t i c a t i o n ^ to the 

pool v e r e in p r o g r e s s , the dt bign and l a b r i c ? t i o n of the h e a t t r a n s f e r 

e x p e r i m e n t s w e r e c a r r i e d out E l e c t r i c a l c a l i b r a t i o n e x p e r i m e n t s w e r e 

p e r f o r m e d v\ ith the hea t t r a n s f e r d e v i c e to p r o v i d e a c o m p a r i s o n w i th the 

t e m p e r a t u r e and pov\er r e s u l t s l a t e r ob ta i ' i ed inp i le The f i r s t s e r i e s of 

inp . l e hea t t r a n s f e r e x p e r i m e n t s w a s c o n a u c t e d f r o m S e p t e m b e r 12 t h r o u g h 

S e p t e m b e r 2 0, 1 }b2 , and c o n s i s t e d of t h r e e s e p a r a t e p o w e r r u n s . 

When the f i r t t s e r i e s of inp i le e x p e r i m e n t s w a s c o m p l e t e d , 

the s e c o n d pool mod i f i ca t i on w a s i n i t i a t e d Meanwhi l e the a s s e m b l y of 

a s e c o n d hea t t r a n s f e r d e v i c e p r o c e e d e d I m p r o v e m e n t s b a s e d upon 

r e s u l t s f r o m the f i r s t s e r i e s of e x p e r i m e n t s w e r e i n c o r p o r a t e d m the fuel 

p r e p a r a t i o n s , the dev ice a s " i embly , and ine e x p e r i m e n t o p e r a t i o n and p r o 

c e d u r e for the s e c o n d s e r i e s of m p i l e t e s t s 

In add i t ion , the d e s i g n of the inp i le tonv e r t e r e x p e r i m e n t 

p r o c e e d e d a s a c o o p e r a t i v e e f for t by RCA and B&..W Dur ing t h i s p e r i o d , 

RCA m a d e a n u m b e r of c h a n g e s m the c o n v e r t e r c o n f i g u r a t i o n , w h i c h 

m a d e the d e v i c e m o r e r e a d i l y a d a p t a b l e for m p i l e o p e r a t i o n . 

Af te r m o d i f i c a t i o n of the r e a c t o r to p e r m i t c o n t i n u o u s o p e r a 

t ion at one n e g a w a t t , the n e c e s s a r y c h e c k o u t of e q u i p m e n t w a s m a d e aud 

the s e c o n d s e r i e s of hea t t r a n s f e r e x p e r i m e n t s was begun . Th i s s e r i e s of 

e x p e r i m e n t s took p l a c e b e t w e e n D e c e m b e r 14, 1962, and D e c e m b e r 31 , 

1962, end inc luded six pov\ e r r a n t A l so ii e luded w e r e a n u m b e r of d y n a m i c 

e x p e r i m e n t s to s t id> the h e a t t r a n s f e r c h a r a c t e r i s t i c s of the d e v i c e 

The t h e r m i o n i c c n \ e i t e r tc be o p e r a t e d .n the Lynchbu rg Poo l 

R e a c t o r w a s f a b r i c a t e d and t e s t e d by e l e c t r i c a l h e a t i r g of the e m i t t e r at the 

RCA p lan t in L a n c a s t e r , P e n n s y l v a n i a Suo^equen t to d e l i v e r y on D e c e m o e r 

19, the u r a n i u m dioxide fuel o e l l e t « , v\hich had b e e n p r e v i o u s l y o u t g a s s e d , 

v^ere loaded in the e m i t t e r c a v i t y and the c l o s u r e we ld w a s m a d e F i n a l 

o u t g a s s i n g and s ea l i ng of the fuel cavity vv e re a c c o m p l i s h e d p r i o r to i n s t a l 

ling the fueled d e v i c e m the t e s t a s s e m b l y 

Th i s a s s e m b l y vvas then i n s t a l l e d inp i le on J a n u a r y 14, 1963, 

and f inal p r e p a r a t i o n s and c h e c k s w e r e c o m p l e t e d on J a n u a r y 15 E l e c t r i c a l 

p o w e r f i r s t e x c e e d e d 1 0 0 - w a t t s output at 2006 on J a n u a r y 15. Upon c o m 

p le t i on of the s c h e d u l e d ! 0 0 - h o u r t e s t , a p p r o v a l to c o n t i n u e the e x p e r i m e n t 

an a d d i t i o n a l 200 h o u r s w a s r e c e i v e d The 3 0 0 - h o u r marK w a s s u c c e s s f u l l y 

r e a c h e d wi thou t i n t e r r u p t i o n and the e x p e r i m e n t w a s t e r m i n a t e d a t 1553 on 
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J a n u a r y 28 , 1963. F . g u r e l - l shows ' h e k e y e ' e . - t s :ha t o c c u r r e d 

d u r i n g the inp i le e x p e r i m e n t a l p r o g r a m . 

I 2 S u m m a r y 

1 . 2 . 1 Hea*^ T r a n s f e r E x p e r i m e n t 

The Aeat t r a n s f e r e x p e r i m e n ' a l p r o g r a m w a s c a r r i e d out 

m t h r e e s t e p s The f i r s t s t e p waS a s e r i e s of e l e c t r i c a l c a l i b r a t i o n 

e x p e r i m e n t s ^n w h i c h e m i t t e r t e m p e r a t u r e ^nd c a l o r i m e t r i c m e a s u r e 

m e n t s vvere m^^de m an e l e c t r i c a l l y hej.*ed d e » i r e . The sccoKd and 

th rd s t e p s c o n s i s t e d of a s e t i e s of m p . l p h e a t "^raiisfer e x p e r i m e n t s 

F o r the m p i l e e x p e r i m e n t s t h e d e v i c e c o n s i s t e d of a 

n u c l e a r - l u e l e d e m i t t e r wi th in a s ta . .n ie5s s t e e l o u t e r c a n . H e a t w a s 

i n i t i a l l y t r a n s f e r r e d bv r a d i a t i o n f r o m the e m i t t e r to a c a l u m i n u m sp l i t 

s l e e v e and t hen by i o n d u i t ; o n tc "̂ he ou*^eT . SR An a l u m . n u i n •water 

I oo led j a c k e t was i n s t a l l e d a r o u n d the o u t e r c a n and the e n t i r e assembly-

w a s c o n t a i n e d m a l u m i n u m to p r o v i d e d u a J - c o i i t a i n m e n t for the e x p e r i 

m e n t i n p i l e . 

T h e r m o c o u p l e s vvere l o c a t e d on the e m i t t e r t c m e a s u r e 

c i r c u m f e r e n t i i l and ax^al t e m p e r a m r e d i s t r i b u t i o n s . In le t and o u t l e t 

w a t e r t e m p e r a t u r e ^ind flow m e a s u r e m e n t s v . e - e m a d e for c a l o r i m e t r i c 

c a l i b r * t i o n s 

1 2 1 1 Inpi le Hea* l i a r . : ; f e r E x p e r i i n e n t S e r i e s 1 

The f . r s t s e r i e s z-i ir .pilc e.xpe r i m e n t s c o n s i s t e d 

ot t h r e e r c i ^ t o r p o w e r r u n s In the f i r s t e x p e r i m t o t . e m i t t e r t e m p e r a -

*^ure m c a s u T e m e n t s w e r e m<ide at ^;gh» r e a c t o r p o w e r l e v e l s f r o m 20 to 

350 KW At the m a x i m u m r e a c t o r p o w e r c.f 350 KW. a m a X i i n u m 

e n . t t e r t e m p e r a t u i e of 1433 C vv^s ie<i. hed at t he m . d - p l a n e . The input 

p o w e r ro ' h e e m i t t e r i t t h i s r e a c t o i p o w e r w a s 1243 w a t t s . T w o a d d i -

tjonsil p o w e r r u n s w e r e m ^ d t vvi^h ' h i s as = eTRbly. D>i.ring t h e s e e x p e r i 

m e n t s the e m i t t e r t e m p e r a t u r e s redu» ed w i ' h t i m e at a c o n s t a n t r e a c t o r 

p o w e r i n d i c a t i n g i m p r o v e d h e a t t r a n s f e r befAef^n the e m i t t e r and s u r 

round ing sp l i t s l e e v e . S ince f i s s i o n g a s s e s cou ld d i f fuse . n t o t h i s g a p . 

the c h a n g e m h e a t t^ransfer c h a t a ^ t e r i s t i . ^ w a s a t t r i b u t e d t o i m p r o v e d 

g a s e o u s c o n d u c t i o n . 

The f i r s t s e r i e s of h e a t t r a n s f e r e x p e r i m e n t s 

was i m p o r t a n t in showing the e q u - v a l e n c * of t h e n u c l e a r and e l e c t r i c 
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t i"at s o . i i ^ e s A l s o , tile r e s u l t s led to a n u m b e r of i m p r o v e m e n t s in 

fuel ar.d de^-'ce o ^ t g n s s . n g , v a t u u m c. ipabi l i ty and expe r iT i en t i n s t r u 

m e n t a t i o n j n d o p e r a t s o u , which w e r e i n . o r p o r i ted be fo re the s econd 

s e r i e s of e x p e r i m e n t s w a s c a r r i e d out 

1 2 , 1 2 Inpi le Hea t T r a n s f e r E x p e r i m e n t S e r i e s 2 

The s e c o n d s e r i e s of ' n p i l e hea t t r a n s f e r 

- x i - e n m t - n t s c o n s i s t i n g of s i x p o w e r r u n s w a s c a r r i e d out a f t e r the 

. ij^rading ot the pool r e a c t o r to a one m e g a w a t t Capabi l i ty vvas c o m -

p l e f a The d e v u e w.js of the S a m e d e s i g n as thj.t of the t i r s t s e r i e s . 

The • h e r m o ^ o u p l e p a t t e r n w j s u n p r o v e d to p r o v i d e m o r e ax ia l t e m p e r a 

t u r e m e a s u r e m e n t s 

To i n s u r e m e e t i n g both the e m i t t e r t e m p e r a -

t i r^ . ^p.d h c i t t lux o b j e c t , v e s the r e . n t o r p o w e r w a s i n c r e a s e d in s t e p s 

•c 2^2 KW . w h e r e a ma .x imum e m i t t e r t e m p e r a t u r e of 1358 C w a s 

r e a c h e d T e m p e r a t u r e s r e m a i n e d c o n s t a n t at a cons t an t r e a c t o r p o w e r 

• i! 2r 2 KW lor «pproxun<.itelv two h o u r s T h e r e a f t e r , it was n e c e s s a r y 

to i n e r t - i S c the r e a c t o r povver to hold the d e s i r e d e m i t t e r t e m p e r a t u r e 

ot 1350 C A n i a x . m u m r e a c t o r p o w e r ol 390 KW, c o r r e s p o n d i n g to a 

p o w e r input to the e m i t t e r of lb99 Watts vvas r e q u i r e d to r e a c h an 

e r n j t t e r t e m p e r a t u r e o£ 1357 C a p p r o x i m a t e l y four h o u r s a f t e r r e a c h i n g 

135s C at the 262 KW r e a c t o r p o w e r l e v e l . The r e a c t o r p o w e r l e v e l 

w aS he ld j t 300 KW „s a. l im i t 01 the m a x i m u m d e s i r e d hea t flux and 

'ht; e m i t t e r 11 r i^ t -e r i ' - . r t s Ciuii.r.aed to d r o p w th t i m e E m i t t e r t e m p e r a 

; , r c= vvere r e t o r d e d . o r . tmuous lv t h r o u g h o u t the e x p e r i m e n t . 

Two add i t iona l p o w e r r u n s w e r e m a d e to 

1 . r t h e r n v e s t i g a t e *he c h a n g e ;n h e a t t r a n s f e r ev ident in the f i r s t p o w e r 

ri r. In aod . t ion t h r e e e x p e r i m e n t s w e r e p e r t o r m e d to d e t e r m i n e the 

d% i a m , c beha.vior ol the s y s t e m wi th c h a n g e s m hea t input T h e s e 

e . x p e n m c n t s .n-. o lvcd b r i n g i n g the s v s t e m to e q u i l i b r i u m povver and 

then .iiakzng a r . jpid p o w e r < h a n g e U s u a l l y the change was m a d e by 

s . r^mn-. ing the r e a l t o r With n the at c u r a c v of the e x p e r i m e n t s , the 

dvnarr . . . and s ta t ic m e a s u r e m e n t s of the h e a t t r a n s f e r c h a r a c t e r i s t i c s 

1 the e m i t t e r t-G-1 u i l c c t o r gap w e r e m good a g r e e m e n t . 

B a s e d upon the r e s u l t s ob ta ined m the s e c o n d 

s e r i e s 01 inp i le hea t t r a n s f e r e x p e r i m e n t s , the fol low.ng c o n c l u s i o n s 

w e r e r e a c h e d 
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1 The e m t i e r I e m o e r c t u r e tjud lieat llu.x o b j e c t i v e s 

w e r e s u c c e s s l i J lv u i t t .An e m i t t e r s . r ' 3 i . e t cmuer , . . tu re oi 1350 C 

>cas ach:e< t d '.vnh a n a X " i a i o power nput ot a p p r o x m i a t e h , l-OO w a t t s 

to "̂ he e m i t t e r 

2 T e m p e r a t u r e d i s t r i b u t i o n m e a s u r e m e n t s i nd i ca t e no 

ac i ^c r f e t e m p e r a t u r e p e r t u r b a t i o n s a r e i n t r o d u c e d t h rough the u s e of 

t n e i i i c l e a r fuel p e l l e t s 

3 . \ l t h o a g h an a n a l , t i c e v a l u a t i o n w a s m a d e , a p o s t -

. r rac i atioi- exammafic^n is r e q u i r e d to est i^blish -in a c c u r a t e v a l u e for 

t ^ t f i s s i o n - u a s r e l e a s e r a t e 

4 The d . r ^ m i c beha" jor of the s y s t e m w a s a d e q u a t e l y 

desi. r ibed with .- s i : ig le l u m p e d p a r a m e t e r t i m e cor .s tant S ince a s i n g l e 

• i m e constc-nt decas WaS used the s e p a r a t e m e c h a n i s m s of r a d i a t i v e 

and t o n d u c t i v e heat t r a n s f e r could not be independen t ly e v a l u a t e d How-

c' e r the i i .ethud did i n d . c a t e how a t a l v t i c s t u d i e s of the k i n e t i c s can be 

s mp l i f i ed 

The heat t r a n s l e r e x p e f i t a e n t s a r e r e p o r t e d 

vv.th g r e a t c ; r e t a i l m Sec t i on 3 and Append ix A 

1 2 2 Thermio .n ic C o n v e r t e r Expe i iment 

The m p i l e t h e r m i o n i c i jn e r t e r a s se inb lv c o n s i s t e d of 

t r r e s e c ' < -.t Tic c ' > p \ , r t e i s i i t i o i i u n s i s t c d c : the B CA Con^ ' e r t e r 

T ^ p o - \ 1 1-̂ "A " iM. c ( S lum-he -t e r a^ semblv cic vj t <• t Pe r m o c o u p l e s 

% 1 insf rL.me "tat icjn Icid-- an a 'umi t i^n- cool ing i - i k c t with a s s o c i . i t e d 

ccc la ' i t t ubes ;nd an ou te i a l u m i n u m can The c i u v c t e r secticin w a s 

I. o .pled to a l o - d sec t ion that c xt ended a b o \ e the ^ctiv e c o r e and con-

tc l e u the coolant l i n e s ar.d c a l i b r a t e d tubes "hat m a d e up p a r t ot the 

e l e c t r i c .-1 Ic^d A por t ior i ot the tota l load was p l i c e d inpi le to m i n i -

n^i..t thv. -->/c < t the c o n d u c t o i s brought to t)ie top ol the pocl The out -

c t - p . ' e pci '*.^n ot the locO on ta incd a v a r i a b l e r e s i s t a n c e leg to p e r m i t 

Var ia t ion ot t'^e load e x t e r u a l l v F i g u r e 1 2 is a c r o s s s e c t i o n of the 

c i n v e r t e r s e c t i o n ol the a s s e m b l y ^^ e load s e c t i o n is shown s c h e -

m a t i c a l U The load sect.c-n was cot ineefed to a drv pipe which e x t e n d e d 

a p p r o x i m a t e l y 13 feet f r o m she r e a c t o r to the sur '" ' ice of the pool The 

c ' e c t r i c a l l e ads the inlet coolant l ine which was a l s o p a r t of the load 
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and the thermocouple and cesium heater leads .-.ere co.-.tained within 

this dry pipe. Helium gas lines were included for purging t -e assembly. 

On one occasion during the experiment , flow through the hehum circui t 

vvas used to cool the cesium r e s e r v o i r . 

The thermionic conver ter experiment vvas conducted in 

two s teps . The f i rs t step consisted of the e lec t r ica l test ing of the 

thermionic converter using the mpile conver ter section coinponents. 

The second step was a 300-hour life tes t of the nuclear-fueled thermionic 

conver ter in tbf" Lynchburg Pool Reactor . 

Th" inpile operation of the therinionic conver ter met the 

experiment objectives. The device s tar ted smoothly and prod-aced an 

average electr ical power output of 132 watts for a major pa r t of the 

tes t . With helium flow to cool the cesium r e s e r v o i r , the device 

produced a maximum electr ical output of 155 watts (2. 58 watts/cm^) 

at a computed efficiency of 10. 3% . The device ran for a total of m o r e 

than 300 hours , although the las t 50 hours were at a somewhat reduced 

e lect r ica l povver output. During the power run, the device produced 

approximately 38 kwhr of e lect r ica l energy. 

A number of exper iments were performed during the 

300-hour life test to determine the conver ter c h a r a c t e r i s t i c s . However, 

additional experiments are required to thorougnly investigate the 

thermionic converter performance in a : ' "ear environment 

The thermionic conver te . -experiment is repor ted with 

g rea te r detail in Secticsn 4 and .-Appendix B. 
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Figure 1-1. Inpile Experiment Chronology 

Nriclear Meafiurentents 

Poo! Modification to 4'>0 KW 

Heat Transfer Experiment 

HTE Inpile Device 1 

Pool Modification to 1 MW 

HTE Inpile Device ? 

Thermionic Ctmverter 
Experiment 

June 

A 

July 

Design 

n 

Aug 

C 

D 

and FabriCfition 

Sept Oct Nov 

^..--Electrical Operation 
1 

1 ^ 

^ 
F ( ~. 

,Inpile Operation 

H 1 

1 
I. L 

Dec 

I K 

5 ^ 
M 

Design and Fill^ric ation 

Jan 

y~InpiU 

tTffJ. .'la^^^ 
O 

• o 

F»'b 

1 
Operation 

^ 
V 

1 
K Proj^ram bi'gan June 7» mhl, 
B Nuch%ir ipeainuromentJS were c<jriiii ^ tcd anrl pool motiification to 41)0 KW bî gan on July Z3, 1962. 
C MfKiiflcation was ct*mipl<*t(ci - Pool operated «t 4t>0 KW on AuRuflit -24, miil. 
D >';rsl elrctrital heat transfer fxjj-mmenl - Augunt 23, 196Z. 
E hiretrit all jr hcatfd t*xp* riment of firut inpilf device - Sf'ptemb^ r ^^ I96Z. 
F Kxret mpilc heat transfer experimpnt - Srpt<'mber 12, X^bZ. 
F-G Heat tranefer Experiment Series 1 conducted September 12, 1962 - September 20, i962. 
H AEC license for J-MW operation received - November iS, 1962. 
I Reactor checkout and calibration conipleted - operated at 1 MW on November 26, 1962, 
J-K Heat Transfer Experiment Series I < onducted Deci-mber 14, 1962 - December 51, 1962. 
L Ele<trical operation of converter at RC/V by RCA and B̂ W - October 8. 1962 and November 26, 1962. 
M Converter delivered to 0&W - December 19, 1962, 
M-N Furling, outgassing, and assembly of experiment by RCA and B&tW - December 19. 1962 - January 14, 
N InBtall-dtlion and checkout of experiment ir.pile - January 14 and January IS, 196^. 
O Thermionic converter inpile experiment begun at 1135, January 15, 1963. 
P Thermionic converter inpile experiment completed at 1553, January 28, 1963. 
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F i g u r e 1-2. The RCA Tyr>e A-1197A Converter Inpile 
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2. NUCLEAR MEASUREMENTS 

2 . 1 . Introduction 

2 . 1 . 1 , Purpose 

A nuclear measurement s p rogram was c a r r i e d out to 

establi'jh a reac tor core configuration suitable for conducting the inpile 

heat tran.sfer and therinionic converter exper iments , to deter inine the 

reac tor power level required to supply the neces sa ry input po%ver to the 

experimental device, to measure the react ivi ty effects of the exper i 

ment components, and to determine the flax cha rac t e r i s t i c s ol both the 

core and the experiment . 

2 . 1 . 2 , Scope 

A graphite reflected core with a center exper iment hole 

was used for all inpile experinients . Vertical and horizontal thernnal 

neutron flux measurements in the core were made A se r i e s of mock-

up exper iments was car r ied out. The mock-ups began as simple 

devices and became more exact as the design of the mpile heat t ransfer 

and converter experiinents p rogressed . Two mock-ups that closely 

simulated each experiment were constructed and were used for ^he 

measurement of flux distribution, reactivity effects, and the reac to r 

power level required to provide sufficient input power to the device. 

2 .2 . Reactor Core Configuration j 
1 

To ca r ry out the planned experimental p rogram, a r eac to r core I 
\ 

with a central hole equa.1 in s ize to a fuel element (3 in. >< 3 in. c r o s s - I 

section) was loaded. This created a wate r -modera ted flux t rap in the 

most active region. To further increase the specific flux in the exper i - ; 

ment, graphite reflector elernents were used outside the active core , J 

thus keeping the core size to a minimum. ' 

The core used lor the mpile heat t ransfer exper iments , designated j 

LPR Core 143. is shown in Figure 2 - 1 . To insure that there would be 
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suff ic ient e x c e s s r e a c t i v i t y to c o m p c n s i t e for the r e a . t . x . t v i . ;ss due to 

xenon in the 3 0 0 - h o u r thermioni-.- c o n v e r t e r e x p e r i m e n t the c o r e w a s 

changed to a c o n f i g u r a t i o n d e s i g n a t e d C o r e 144. The change c o n s . s t e d 

of r e p l a c i n g a p a r t i a l fuel e l e m e n t i P - 7 1 , 9 5 g r a m s of U'" ' ) vs, i th a full 

fuel e l e m e n t (190 g r a r n s of U " * ) . T h i s c o r e had a co ld c l e a n , e x c e s s 

r e a c t i v i t y of 2 . 69% 6 k / k . 

A h o r i z o n t a l and v e r t i c a l t h e r m a l n e u t r o n flux m a p w a s i nade in 

C o r e 143 by u s i n g o n e - q u a r t e r - i n c h d v s p r o s i a m - a l u m i n u m fo i l s . The 

r e s u l t s a r e shown m F i g u r e 2-2 and F i g u r e 2 - 3 

2 . 3 . Mock- l . 'p E x p e r i m e n t s 

2 , 3 . 1. P r e l i m i n a r y M e a s u r e m e n t s 

To m a k e a prel :minar%- d e t e r m n a t i o n as to •whether the 

p lanned u p g r a d i n g of t h e f>ool r e a c t o r to a o n e - m e g a w a t t c a p a b i l i t y w a s 

a d e q u a t e to c a r r y out t h e e x p e r i m e n t a l p r o g r a m u s i n g fuel e n r i c h e d to 

20% by we igh t of U^'* p o w e r s h a r i n g m e a s u r e m e n t s w e r e m a d e m a 

s i m p l e m o c k - u p of the e m i t t e r a s s e m b l y T h e s e e x p e r i m e n t s a l s o 

p r o v i d e d a c h e c k - o u t of the m e a s u r e m e n t t e c h n i q u e s to be u s e d in l a t e r 

m o c k - u p s . 

2 . 3 . 1 1 • D e s c r pf .on of M o c k - U p 1 

M o c k - u p 1 w a s m a d e of s t a i n l e s s s t e e l , s i x 

.ind o n e - h a l f i n c h e s long af.d one . n t h in o u t e r d i a m e t e r A 0 5 - lnch 

liole w a s d r i l l e d t h r o u g h the l eng th oi the p i e c e . The ends •vie re ' h rec ided 

to al low t h e m to be s e a l e d by bo l t s and O - r i n g s The end p i a g s w e r e 

f i t ted wi th s p a c e r s to i e n t e r the dev-l^e n the hole F i g u r e 2 - 4 i l l u s 

t r a t e s the c o n s t r u c t i o n of M o c k - u p 1. 

2 . 3 1 2 E x p e r i m e n t a l R e s u l t s 

M o c k - u p 1 Wi'hout fuel h a d a r e a c t i v i t y w o r t h 

of - 40 . 5 ± 5 0 c e n t s . T h e a d d i f o n of the fuel sta.-k r e s u l t e d in a 

r e a c t i v i t y w o r t h of ! 2 1 6 c-ents o r a net i n c r e a s e of about 62 c e n t s for 

the fuel- The r e a c t i v i t y m e a s u r e m e n t s w e r e m a d e by c o m p a r i n g 

c r i t i c a l rod p o s i t i o n s w i th and w-thoiit the e x p e r i m e n t m p l a c e . ( T h e 

d i s p l a c e m e n t of w a t e r f r o m the t e s t ho l e s i n c r e a s e s r eac t i i - i t y . ) 

Ax ia l flux d i s t r i b u t i o n m e a s u r e m e n t s >Jvere 

m a d e and a r e s u m m a r i z e d ;n T a b l e 2 - 1 . 
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The p o \ c e r - s h a r i n g eva lua t ion i n d i c a t e d t h e 

2 C " c - e n r i c h e d fuel would probabl-^ p r o v i d e suffii-»ent input power to the 

de - , i ce a t p o w e r l e v e l s c o n s i s t e n t wi th the p l anned u p g r a d i n g s c h e d u l e 

Ho\s,e%'er, b e c a u s e of the d i f f e r e n c e s b e t w e e n the s i m p l e m o c k - u p and 

the p r o p o s e d e x p e r i m e n t s , t h e s e r e s u l t s w e r e u s e d p r i m a r i l y a s a q u i c k 

i n d i c a t i o n of a p o s s i b l e p r o b l e m a r e a . 

2 . 3 . 2 C o n v e r t e r M o c k - U p E x p e r i m e n t s 

2 3 . 2 1 De<;cript ion of M o c k - U p 2 

M o c k - u p 2 c o n s i s t e d of an a lum num t a n of 

s u f l i n t n t s i z e to con ta in m a w a t e r t ight e n v i r o n m e n t a Type A - 1 1 9 ? 

therm.0.11C c o n v e r t e r w . th a s i n g l e l a v e r of i o l le . ; tor cool ing f m s o r 

on ly the e m i t t e r f r o m the de-.-^^e. The a l u m i n „ m an w a s 2. 4 i n c h e s 

n d i a m e t e r wi th a 200-mi l w a l l and w a s d e s i g n e d ' o dup l i ca t e the s i z e , 

w a t e r e x c l u s i o n and m e t a l v o l u m e of the t h e r i n i o n i c c o n v e r t e r e x p e r i 

m e n t ( T h e ciuter d i a m e t e r of the t h e r n i i o n c . . o n v e r t e r e x p e r i m e n t 

u s e d m thi! 300 -hou r run w a s 2 4 i n c h e s o v e r the ac t i ve fael r e g i o n ) 

F i E u r e s 2 -5 and 2 -6 a r e p h o t o g r a p h s cf the a s s e m b l y and i o m p o n e n t 

p a r t s of K o c k - u p 2. 

2 . 3 . 2 . 2 . E x p e r i m e n t a l R e s u l t s 

i Two r e a i t i v i t v e x p e r i m e n t s w e r e c o n d u c t e d 

•ns.-.g Moc!k-up 2. In the f i r^ t e x p e r i m e n t ' h e tea-^t ivi ty w o r t h of the 

e n t i r e dci , iLe c o l l e c t o r t r m » " e r . fael and aTjmir .am can , w a s ^ J7 9 

t n t s In t h e - t c o r d e x p e r i m e n t the e m t ' e r fuel, d.nd can w e r e w o r t h 

S I . 02 m r e a c t i v i ' v T h e r e f o r e the net r e a c t i v i t y w o r t h of the c o l 

l e c t o r and fms was - 66 3 . e n t s 

Pow e r -aha ' -xng m.-a^Mirements -.vith M o c k - u p 2 

. r d i i lA ' ' ed a r t a i t o r p o w e r l e v e l of 54C KW .'.oi-ld be r c q u ' r e d ^o p r o d u c e 

' h e d e s i r e d 1500 v^-atts p o w e r input to the t h e r m i o n i c d e v i c e . T h i s l e v e l 

IS in good ag ree t r . en l wit'^ the 520-KW r e a c t o r power l eve l at which a 

n^ajor p o r t i o n of the 3 0 0 - h o u r run w a s v ond'n ted 

M e a s u r e m e n t s wi th ?.Io. k - u p 2 wi th e m i t t e r , 

fuel , a n d a l u m i n u m < an i n d i c a t e d a. r e ^ . t j r p o w e r l eve l of 440 KW wou ld 

be r e q u i r e d for the h e a t t r a n s f e r e x p e - . m e n t . S ince it was d e s i r e d to 

c o n d u c t the h e a t t r a n s f e r e x p e r ^ m e n ' be fc re the ^-ea tor was u p g r a d e d 

to o n e - m e g a w a t t o p e r a t i o n and whi le ' h e r e a c t o r power was l i m i t e d to a 
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m a x i i n u m of 450 KW, th i s e x p e r i m e n t s h o w e d the need for red-acing the 

e x p e r i m e n t r h a t n e t e r to ms-a re suf f ic ien t input p o w e r would be a v a i l a b l e 

wi th in the spec i f i ed l imit -a t ion. S e c t i o n 2. 3. 3 d e s c r i b e s p o v v e r - s h a r i n g 

m e a s u r e m e n t s in which the e x p e r i m e n t d i a m e t e r was v a r i e d . 

Two m e t h o d s w e r e u s e d to d e t e r m i n e t h e p o w e r 

d i s t r i b u t i o n a x i a l l y a long the fuel p e l l e t s t a c k s d u r i n g . t h e p o v v e r - s h a r i n g 

e x p e r i m e n t s . The f i r s t m e t h o d was a s i m p l e g a m m a coun t ing of t h e 

g r o s s f i s s ion p r o d u c t s in e a c h pe l l e t on a s c i n t i l l a t i o n c o u n t e r . T h e 

p e l l e t s w e r e counted a p p r o x i m a t e l y two d a y s fol lowing the i r r a d i a t i o n . 

The g r o s s counts of the p e l l e t s w e r e d iv ided by the p e l l e t w e i g h t , 

r e s u l t i n g m a spec i f i c a c t i v i t y wh ich is p r o p o r t i o n a l to t h e p o w e r 

g e n e r a t e d m each p e l l e t . T h e s e da t a a p p e a r in T a b l e 2 -1 . T h e r e a r e 

no da ta for P e l l e t 3 , s i n c e t h i s pe l l e t had b e e n d i s s o l v e d for Ba-140 

m e a s u r e m e n t s . 

T h e s e c o n d ine thod e m p l o y e d th in U - A l a l l o y 

f o i l s , i r r a d i a t e d be tween t h e p e l l e t s . The foils w e r e 0 .002 inch t h i c k , 

0 ,434 inch in d i a m e t e r , and 18%-by-we igh t fully e n r i c h e d u r a n i u m . 

E a c h foil w a s c o v e r e d w i th 0 . 0 0 1 - i n c h a l u m i n u m foil t o p r o t e c t a g a i n s t 

r a n d o m f i s s i o n - p r o d u c t c o n t a m i n a t i o n f r o m t!" ;: a d j a c e n t p e l l e t s u r f a c e s . 

F i g u r e 2-11 shows the foil p o s i t i o n n u m b e r s wi th r e s p e c t to the fuel 

p e l l e t s t a c k . All da ta h a v e b e e n s c m m a r i z e d in T a b l e 2 - 1 . T h e s e d a t a , 

e.vcept for that uf E x p e r i m e n t s "3 -11 , and "^3-13, a r e shown in F i g u r e s 

l-~ and 2 - 8 . The da ta f r o m t h e s e twc e x p e r i m e n t s w a s net p lo t t ed 

b e c a u s e it was i n c o n s i s t e n t wi th both the pe l l e t da ta and t h e da t a f r o m 

the o t h e r four e - . p e r i t n e n t s . S ince no foi ls w e r e p l a c e d a t the ends of 

the fuel s t a c k , the pe l l e t d a t a is b e l i e v e d to r e p r e s e n t the m o s t a c c u 

r a t e a.xial povver d i s t r i b u t i o n . 

2. 3. 3. D i a m e t e r V a r i a t i o n S . 'cper iments 

2. 3. 3. 1. D e s c r i p t i o n of M o c k - U p 3 

M o c k - u p 3 c o n s i s t e d of a t h i c k - w a l l e d a l u 

m i n u m c y l i n d e r , s e a l e d a t t he ends by r u b b e r g a s k e t s and two p l e x i 

g l a s s s p a c e r s . The o u t e r d i a m e t e r of t h e can was two i n c h e s for t h e 

f i r s t e x p e r i m e n t . Betvveen s u c c e s s i v e r u n s , t he a l u m i n u m c a n w a s 

m a c h i n e d to a s m a l l e r d i a m e t e r , thus i n c r e a s i n g the a m o u n t of the 

s u r r o u n d i n g w a t e r m o d e r a t o r . The i n n e r d i a m e t e r w a s kep t c o n s t a n t 

at 15/16- inch. 
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2, 3. 3. 2. Experimental Resul ts 

Figure 2-9 summar i ze s the reactivity m e a s 

urements as a function of d iameter for Mock-up 3 containing the emi t 

t e r and fuel. Figure 2-10 summar izes the power-shar ing m e a s u r e 

ments . The axial power distr ibution measu remen t s obtained with 

Mock-up 3 were descr ibed m Section 2. 3. 2. 2. 

2 . 3 . 4 . Heat Transfer Mock-Up Exper iments 

2 . 3 . 4 . 1. Description of Mock-Up 4 

Mock-up 4 was intended to closely simulate 

the heat t ransfer experiment design. It consisted of the Mock-up 2 

aluminum can, the s tainless steel outer can to be used is in the heat 

t ransfer experiment, Kovar v^'ashers to s imulate the end caps, and 

water filled aluminum tubes to s imulate the hear sink. Figure 2-11 

is a c ross section of Mock-up 4. 

2 3 .4 .2 . Experimental Results 

Power - shar ing measurement s with Mock-up 4 

indicated a reac tor power of 450 KW would be required for the heat 

t ransfer experiment . This value is consistent with the 440 KW de te r 

mined with Mock-up 2. (Both exper iments were at the same outer 

d iameter , ) 

A complete flux map was made of Mock-up 4 

using 0.004-inch by 0. 259-inch-diamt,rer ci,pper foils. Figure 2-11 

is a c ross section showing the resul ts of this measurement One of 

the uranium-aluminum foils used m the axial flux distr ibution m e a s 

urements (Section 2 .3 .2 .2 ) was sectioned and the individual segments 

were counted. The resul ts are shown m Figure 2-12. 
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Tafate 2 - 1 . Summary of Axial Flux Measurements 

Mock-Up 

1 

2 
with converter, 
ftsel, no end cap 

2 
with emitter, 
fuel only 

3 
with 
can diameter 
= 2 .0 inches 

3 
with 
can diameter 
= 1. 75 inches 

3 
with 
can diameter 
- 1.5 inches 

1 

no. 

7J-5 

73-10 

B 

73-11 

73-12 

73-13 

73-14 

73-2 

U-Al foUdata 

jirasttieB s o . 

1 
2 
3 
4 
S 

I 
z 
3 
4 
5 

1 
2 
3 
4 
5 

1 
2 
3 
4 
5 

1 
2 
3 
4 
5 

1 
2 
3 
4 
5 

Fuel pellet 

Pellet no. 

1 
2 
4 
5 
6 

Fedlno. 

1 
2 
3 
-4 
S 

1 
2 
3 
4 
5 

8 
<) 

10 
11 
13 

1 
2 
3 
4 
5 

7 
8 

10 
11 
13 

1 
2 
3 
4 
5 

data 

Relative 
activity 

1.0165 
0.9932 
0.9B33 
8.9WS 
0.9«82 

0.94*7 
0.93»4 
0.9219 
0.9314 

0.9958 
1.0133 
1.U470 
1.0603 
1.0380 

0.9904 
0.9178 
0.9147 
0.8941 
0.9071 

0.9686 
1.0092 
0.9665 
1.0175 
2.1025 

0.9954 
0.9289 
0.9097 
0.9035 
0.9180 

2.283 
1.955 
1.887 
1.895 
2. 176 

Normalized 
position 1 

1.0000 
0.9771 
0.9673 
0.9624 
0.9722 

i.ooao 
0.9417 
0.9334 
0.9170 
0.9264 

1.0000 
1.0176 
1.0514 
1.0648 
1.0424 

1.0000 
0.9267 
0.9235 
0-9027 
0.9159 

1.0000 
1.0420 
0.9978 
1.0505 
2. 1706 

1.0000 
0.9332 
0,9139 
0. 9077 
0-9222 

1.0000 
0.8563 
0.8265 
0.8300 
0.9461 
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Figure 2 - 1 . Cross Section of Core 143 
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Figure 2 -2 . Horizontal Neutrcn Flux Distribution 
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F i g u r e 2 - 3 . V e r t i c a l Neu t ron Flux D i a t r i b u t i o n 
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Figure 2-4 . Mock-Up 1 
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Figure 2 - 5 . AsBembly of Converter Mock*Up Exper iment 
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F i g u r e 2 - 7 . Ax ia l P o w e r M e a s u r e m e n t s 
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Figure 2 - 8 . Axia l P o w e r Mt^asurements 
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Figure 2-9. Reactivity Vs Mock-Up Container 
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Figure 2 - 1 1 . Cross-Section of Mock-Up 4 With Flux Measurements 
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Figure 2-12. Radial Power Distr ibution in the Fuel 



3 HEAT TRANSFER EXPERIMENT 

3 . 1 . Introduction 

3 . 1 . 1 . Purpose 

The bas ic requirement for the heat t r ans fe r experiment was 

to operate a nuclear-fueled molybdenum emi t te r at the t empera ture and 

heat flax needed for the thermionic converter operation These conditions 

were an emi t te r surface t empera ture of 1350 C and a heat flux at the fuel 

surface of 100,000 Btu/hr-f t^ . The heat flux condition corresponded to a 

power input to the device of 1500 wat ts . The purpose was to investigate 

the performance of the fuel and clad at design conditions A becutid pur

pose, though not a specific requirement , was to measu re the emi t t e r c i r 

cumferential and longitudinal tempera ture distr ibutions By comparing 

these measurements with those obtained using the same device heated 

e lec t r ica l ly , it could be determined if the fuel pellets would introduce a 

t empera tu re perturbation that would adversely affect the e lec t r i ca l p e r 

formance of the conver ter m the subsequent inpile t es t . 

3 1.2 Scope 

The heat t ransfer experimental p rogram was ca r r i ed out in 

three s teps . The f irst step ^s,as a se r ies of e lec t r ica l cal ibrat ion exper i 

ments m w-hich tempera ture and ca lor imetr ic measurement s were made 

m an electr ical ly heated device Experiments were performed with an 

internal vacuum and with helium gas at low p r e s s u r e . The second and 

third s teps consisted of a s e r i e s of mpile heat t r ans fe r exper iments . 

Inpile Heat Transfer Experiment Series 1 was made up of three inpile 

power runs using the same device that was used previously m the e lec 

t r ica l cal ibrat ion experi i t s . This first se r ies of mpile exper iments 

was c a r r i e d out before t e upgrading of the LPR to a one megawatt capa

bility was begun. Consequently, the time availsible at power for these 

exper iments was linnited. Inpile Heat Transfer Exper iment Ser ies 2 was 
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ca r r i ed out in an assembly of near ly identical design to that used in the 

first two s teps . However, since the upgrading OJ the reac tor had been 

completed, the t ime available for the performance of these exper iments 

was limited only by the objectives of the pa r t i cu la r exper iment . Six 

p^wer runs were made with this c-ssembly, including three power runs 

to test the dynamic cha rac t e r i s t i c s of the device. 

3 .2 , Experiment Design 

3 .2 . 1. Design Considerat ions 

The design of the heat t r ans fe r exper iment was influenced by 

the factors discussed in the following p a r a g r a p h s . 

3 .2 . 1. 1. Electron Cooling 

In a thermionic conver te r producing e lec t r ica l 

energy, a significant fraction of the energy t r a n s f e r r e d frorn emi t te r to 

col lector is t r ans fe r r ed by the e lec t rons . Consequently, to duplicate 

both the des i red t empera tu re and heat flux in a device producing no e lec

t r i ca l energy, an a l ternate heat t ransfer mechanism was needed to com

pensate for the electron cooling. Initial calculat ions showed that it was 

possible to t ransfer the ent i re 1500 watts input to the heat sink by a com

bination of the normal end-conduction lo s ses and by radiation, provided 

the emissivi ty of the emi t t e r surface could be increased to more than 0. 5 

and the emi t te r t empera tu re was allowed to reach 1400 C, a t empera ture 

50 C higher than design conditions. The emiss iv i ty of the emi t t e r was 

increased by sandblasting the surface, and an exper iment was performed 

at RCA to determine whether sufficient radiant heat t r ans fe r could be 

achieved. The resul ts showed that a t empera tu re considerably higher 

than 1400 C was needed if radiation alone were used. Therefore , it was 

decided to augment the radiant heat t r ans fe r by gaseous conduction between 

the emi t te r and a s imulated col lec tor . Gas p r e s s u r e could then be used 

as a var iable to achieve the des i red t empera tu re at the design heat flux. 

To permit varying the heat t ransfer rate from the emi t t e r without changing 

the heat t r ans fe r cha r ac t e r i s t i c s of the fuel region, a two-compar tment 

design was adopted. In this way the emi t t e r t empera tu re could be varied 

by changing the gas p r e s s u r e in the outer compar tment while beginning 

the experirnent with a vacuum in the inner fuel compar tment . 
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3 .2 . 1.2. Longitudinal Tempera ture Distribution 

To obtain th^ most meaningful longitudinal t em

pera tu re information, it was necessa ry to establ ish the same heat con

duction losses out of the ends of the heat t ransfer device as those of the 

conver te r . This goal and the decision to use a two-compartment design 

also made it des i rab le to use, with some modifications, the conver ter 

emi t t e r support s t ruc tu re . 

3 . 2 . 1 . 3 . Thermal Design 

A worthwhile simplification m the exper iment 

t he rma l design was made by allowing the t empera ture of the s ta inless 

steel can containing the emi t te r to be the same as that of the water coolant. 

This was accomplished without an adverse effect upon the longitudinal t em

pera ture distr ibution by increasing the thermal res is tance of the emi t te r 

support s t ruc tu re . Figure 3-1 is a drawing of the special emi t te r a s s e m 

bly supplied by RCA for the second se r i e s of inpile heat t ransfer exper i 

ments . The support s t ruc ture was changed from that of the design con

v e r t e r by increas ing the outer d iameter and reducing the thickness of the 

Kovar support disc and by reducing the d iameter of the molybdenum sup

port pin. Also, increasing the d iameter of the support disc provided suf

ficient space for the installation of thermocouple lead-throughs around the 

oatside of the copper diaphragm. Because the outer can ran cool, low-

t empe ra tu r e , s m a l l - s i j e , dual-lead thernnocouple lead-throughs could 

be used. With a large number of t empera ture measurements to be made, 

the size and type of lead-thro ' ighs were important from the standpoint of 

the effect upon the experiment d iameter . 

3 .2 . I 4 . Experiment Diameter 

P r i o r to upgrading to one megawatt, the reac tor 

power was l imited to a maximum of 450 KW. The pre l iminary nuclear 

measu remen t s descr ibed in Section 2 showed the importance of minimizing 

the exper iment d iamete r to insure producing 1500 watts in the device within 

the 450 KW limitat ion. 

3 . 2 . 1 . 5 . Safety 

To insure the safety of both reac tor and exper i 

ment, a dual-containment philosophy was followed. That i s , it was 
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r e q u i r e d tha t the fuel r eg ion be s e p a r a t e d f r o m the r e a c t o r w a t e r bv two 

s e p a r a t e s e a l e d c o n t a i n e r s . 

3 . 2 . 2 Des ign D e s c r i p t i o n 

The c o m p o n e n t pa^rts tha t m.ake u p the hea t t r a n s f e r a s s e m b l y 

a r e shown in the p h o t o g r a p h s and d r a w i n g s of F i g u r e s A - 1 to A - 1 3 m 

Appendix A. A l so inc luded i s the a s s e m b l y p r o c e d u r e tha t w a s fo l lowed. 

The d e s c r i p t i o n of the e x p e r i m e n t i s d iv ided in to two p a r t s c o r r e s p o n d i n g 

to the p a r t i c u l a r function of e a c h p a r t The f i r~t p a r t i s d e s i g n a t e d the 

hea t t r a n s f e r d e v i c e . It was a s e a l e d uni t c o n t a i n i n g ihe n u c l e a r - f u e l e d 

e a i i t t e r The sei .ond p a r t i s d e s i g n a t e d the h e a t t r a n s f e r a s s e m b l y . It 

c o n t a i n e d the hea t t r a n s f e r d e v i c e , the hea t s i n k s , and the e x t e r n a l c a n 

tha t w a s n e e d e d to p r o v i d e d u a l - c o n t a i n m e n t fo r the inp i le e x p e r i m e n t . 

3 . 2 . 2 . 1 . Heat T r a n s f e r Device 

The hea t t r a n s f e r d e v i c e c o n s i s t e d of the c o m 

p o n e n t s shown m F i g u r e 3-2 The e m i t t e r a s s e m b l y w a s s u p p o r t e d b> 

c l a m p i n g the c o p p e r d i a p h r a g m be tween a sp l i t c l a m p and a b a s e p l a t e 

r ing tha t w a s t a c k - w e l d e d to the l o w e r b a s e p la t e The P t - P t , 13% Rd 

t h e r m o c o u p l e s w e r e p e e n e d in to the e m i t t e r s u r f a c e . The t h e r m o c o u p l e 

l e a d s w e r e fed t h r o u g h d o u b l e - b o r e c e r a m i c i n s u l a t o r s , w h i c h p a s s e d 

t h r o u g h h o l e s in an a l u m i n u m sp l i t s?eeve s u r r o u r d m g the e m i t t e r The 

i n s u l a t e d l e a d s w e r e then run in g r o o v e s in the o u t e r s u r f a c e of t h e sp l i t 

s l e e v f s t h r o u g h i n s u l a t e d t h e r m o c o u p l e l e a d - t h r o u g h s m the l o w e r b a s e 

p l a t e . The a l u m i n u m sp l i t s l e e v e s e r v e d two p u r p o s e s . F i r s t , by 

r e d u c i n g the gap t h i c k n e s s b e t w e e n the e m i t t e r and a s i m u l a t e d c o l l e c t o r . 

hea t t r a n s f e r by g a s e o u s conduc t ion w a s i m p r o \ e d whi le the h e a t t r a n s f e r 

by c o n v e c t i o n w a s l i m i t e d . Second, the sp l i t s l e e v e p r o v i d e d an e f fec t ive 

s u p p o r t for the i n s u l a t e d t h e r m o c o u p l e l e a d s The m r e r s u r f a c e of the 

sp l i t s l e e v e w a s p a i n t e d wi th a c a r b o n so lu t ion t o i i n p r o v e i t s e m i s s i v i t y . 

F i g u r e 3-3 shows the i n s e r t i o n of the a s s e m b l e d 

c o m p o n e n t s in to the s t a i n l e s s s t e e l o u t e r c a n . The l o w e r b a s e p l a t e w a s 

w e l d e d to the b o t t o m f lange of t h e o u t e r c a n a n d the s u p p o r t d i s c w a s 

w e l d e d to an i n t e r n a l f lange n e a r the top of the can Th i s c o n s t r u c t i o n i s 

i l l u s t r a t e d by F i e u r e 3-4 , an a s s e m b l y d r a w i n g of the m p i l e e x p e r i m e n t 

T h i s f i g u r e s h o w s t h e s e p a r a t e c o n : i p a r t m e n t s f o r m e d m the h e a t t r a n s f e r 

d e v i c e by the fuel c h a m b e r and the c h a m b e r b e t w e e n the e m i t t e r and sp l i t 

s l e e v e . 



3 . 2 . 2 . 2 . Heat Transfer Assembly 

The heat t rans fe r assembly was made up of the 

components shown in Figure 3-5. The heat t ransfer device w-ag installed 

in a split aluminum cooling jacket . The jacket contained dril led channels 

that formed a para l le l flow ci rcui t when connected to the inlet and outlet 

water l ines. Heat was t r ans f e r r ed from the upper and lower base plates 

by conduction to the cooling jacket . The cooling jacket was insulated 

from the external can to pe rmi t ca lo r ime t r i c measure inen t s , and meta l -

sheathed thermocouples w e r e brazed into the inlet and outlet water tubes . 

Thermocouple extension wi res and coolant tubes were run through the bot

tom external tube. Because the inpile heat t ransfer exper iments were 

planned as comparat ively short t e s t s , it was possible to use an epoxy 

seal around the w^ires and tubes extending through the bottom tube. The 

heat t ransfer assembly was instal led in an empty aluminum Reflector 

element for inser t ion in the center hole in the LPR. 

3. 3. Elec t r ica l Calibrat ion Exper iment 

3. 3. 1. Introduction 

A s e r i e s of five e lec t r ica l ly heated experiment! we.'e pe r 

formed using the heat device previously descr ibed. Experirr ents were 

ca r r i ed out with a dynamic vacuum and with helium gas at a low p r e s s u r e . 

The purposes of these exper iments were to determine if the jhermal design 

adequately established the des i red t empera tu re at the design heat flux and 

to provide a bas i s for compar ison of the e lec t r ica l and nuclear heat 

sources . The compar ison was needed to show whether the nuclear fuel 

would introduce a t empera tu re perturbat ion that would a l t e r the conver ter 

performance in the subsequent inpile test . 

3 .3 .2 . Experiment Descript ion 

The heat t r ans fe r de%-ice was descr ibed in Pa ragraph 3, 2, 2 . 1. 

The electr ic hea ter , supplied by RCA, consisted of four tungsten rods 

which were inser ted into the hollow emi t t e r and which t r ans fe r red energy 

to the emit ter by radiat ion. The hea te r was attached to the experimental 

device by welding the top flange of the outer can to the flange on the hea te r 

a s shown in an inverted view in Figure 3-6. Electr ic power was supplied 

to the heater through the wa te r coolant leads. 
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Ten operable P t - P t , 13^0 Rd thermocouples were instal led 

on the emi t t e r and support s t ruc ture in accordance with Thermocouple 

Pat tern 1, shown in Figure A-14 in Appendix A. Inlet and outlet water 

t empera tu re s were measured with precis ion the r inomete r s for the fol

lowing three flow paths: 

1. Through the main cooling jacket installed around the 

s ta inless steel outer can. 

2. Through the e lectr ic hea ter . 

3. Through a se r ies circui t consisting of a heat sink on the 

heater flange and a heat sink attached to the copper pinch-off tube on the 

lower base plate . 

The coolant flow m each path was determined by t imed 

volume measu remen t s . The outer chamber , between the emi t te r and 

split s leeve, and the inner chamber , containing the tungsten rods , were 

not separately sealed because of a leak at the brazed joints between the 

tantalum heat dam and the Kovar support d isc . Consequently, the device 

contained a single vacuum compartment . 

Thermocouple voltages were read using a Type K-3 Universal 

Potent iometer (Leeds & Northrup Company). The voltages were also moni

tored using a Becknnan/Berkeley P r e s e t Universal E Put and T imer with 

a digital r eco rde r . This instrumentation provided a digital pr int-out of 

the thermocouple readings on a paper tape. 

3. 3. 3. Experimental Results 

A synopsis of the electrically^ heated dynamic-vacuum tes t 

of the device that was la ter used m the f i rs t inpile heat t r ans fe r exper i -

iTients IS included in Appendix A. Table A-7 summar i ze s the t empe r a 

ture and power measurement s . Also included in this table a re the t em

pera ture measurement s for the maximum power point reached in a la te r 

e lectr ical ly heated experiment containing 7 microns (cold) cf helium. The 

actual p r e s s u r e in the device was not known at the t ime the t empera tu re 

measurement s were made. The measurements in helium are included 

solely to show the difference in tempera ture of the two thermocouples 

at the top of the emi t te r immediately befo-e the f i rs t inpile experiment . 

Since approximately the same tempera ture difference was found in the 

> 
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inpile measuremen t s , it is unlikely that a rea l t empera tu re perturbat ion 

ex i s t s . A comparison of these e lec t r ica l ly heated and nuclear heated 

resul ts is included in Section 3 . 4 . 2 . 1. 

3 .4 . Inpile Heat Transfer Exper iment Ser ies 1 

3.4. 1. Experiment Descript ion 

The device used in the first s e r i e s of inpile heat t ransfer 

experiments was the same as that used in the e lec t r ica l ly heated test 

descr ibed in Section 3. 3. After the de%'ice was removed from the lieater, 

it was fueled and outgassed according to the schedule listed in Section 4 

in Appendix A. The inpile assembly consisted of the components descr ibed 

in Section 3 . 2 . 2 . 2 . Six operable thermocouples were attached to the 

emit ter as shown in Figure A-14, Thermocouple Pa t te rn 2. Two addi

tional P t - P t , 13% Rd thermocouples were attached to the s t ruc tu re — one 

at the base of the molybdenum support pin and the other on the tantalum 

heat dam at the inner boundary of the upper Kovar support d i sc . Two 

copper-constantan thermocouples were attached to the upper and lower 

base plates and two meta l -sheathed ch romel -a lumel thermocouples were 

installed in the inlet and outlet coolant l ines . Thermocouple m e a s u r e 

ments were made using a Type K-3 potentiometer (L&N). The coolant 

flow was measured by a flowmeter and by t imed volume m e a s u r e m e n t s . 

Three power runs were made with the first heat t r ans fe r 

assembly . A detailed synopsis of each of the three exper iments is 

included in Appendix A. The following paragraphs descr ibe the way the 

exper iments were car r ied out and the exper imenta l resu l t s that were 

obtained. 

3 . 4 . 2 . Experimental Resul ts 

3 . 4 . 2 . 1 . Exper iment 73-19 

The f irst inpile heat t r ans fe r exper iment was 

run on September 12, 1962. Tempera tu re measu remen t s were nnade at 

eight reac tor power levels frorn 20 KW to 350 KW. At the maximum 

reactor power of 350 KW, an emi t t e r t empera tu re of 1433 C was reached 

at the midplane. A reactor power of 350 KW cor responds to a total power 

input to the device of 1383 wat t s . Pa r t of the total device power is due to 

gamma heating of the heat sink and associa ted s t r u c t u r e . Therefore , to 
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d e t e r m i n e the e n e r g y input to the e m i t t e r it i s n e c e s s a r y to s u b t r a c t t h i s 

g a m m a h e a t i n g c o n t r i b u t i o n . Tab le A - I in Appendi.x A l i s t s t h e t e m p e r a 

t u r e and flow m e a s u r e m e n t s , the d e v i c e p o w e r , s t r u c t u r e g a m m a h e a t i n g , 

and the n e t input p o w e r to the e m i t t e r . The g a m m a h e a t i n g v a l u e i s b a s e d 

upon a c a l c u l a t e d m i d p l a n e hea t ing r a t e of 0. 5 w a t t s / g m / M W and a m e a s 

u r e d s t r u c t u r e we igh t of about 800 g r a m s . 

The long i tud ina l t e m p e r a t u r e d i s t r i b u t i o n f r o m 

the n u c l e a r h e a t s o u r c e w a s s i m i l a r to tha t o b t a i n e d in the e l e c t r i c a l l y 

h e a t e d t e s t a s shown in the following c o m p a r i s o n of the s a m e t h e r m o c o u p l e s : 

Top of B o t t o m of E m i t t e r 
Hea t s o u r c e e m i t t e r , C Midp lane , C e m i t t e r , C p o w e r , w a t t s 

E l e c t r i c a l 1314 1450 1265 1285 

N u c l e a r 1301 1433 1268 1243 

C i r c u m f e r e n t i a l t e m p e r a t u r e v a r i a t i o n s w e r e 

m e a s u r e d a t p l a n e s n e a r the top and b o t t o m of the e m i t t e r . H o w e v e r , a 

c i r c u m f e r e n t i a l t e m p e r a t u r e d i s t r i b u t i o n a t the m i d p l a n e w a s l o s t due to 

the f a i l u r e of tw'o m i d p l a n e t h e r m o c o u p l e s . 

Dur ing the e x p e r i m e n t , a p p r o x i m a t e l y 7. 9 X 10* 

w a t t - s e c o n d s of f i s s ion e n e r g y w e r e p r o d u c e d wi th in the e m i t t e r . 

3 . 4 2 . 2 . E x p e r i m e n t 7 3 - 2 0 

A second p o w e r run w a s tnade wi th the d e v i c e on 

S e p t e m b e r 19, 1962, to i n v e s t i g a t e the effect of r o d p o s i t i o n on the long i 

t ud ina l t e m p e r a t u r e d i s t r i b u t i o n and to d e t e r m i n e w h e t h e r the d a t a w a s 

r e p r o d u c i b i l e a f t e r a t h e r m a l cyc l e and a f t e r a shu tdown i n t e r v a l of one 

w e e k . T e m p e r a t u r e r e a d i n g s w e r e d u p l i c a t e d a t a r e a c t o r p o w e r l e v e l 

of 80 KW. H o w e v e r , a t 2 00 KW, t e m p e r a t u r e r e a d i n g s w e r e l o w e r t han 

ir, E : v p t r i i n e n t "73-19 and con t inued to d r o p wi th t i m e a t a c o n s t a n t r e a c t o r 

p o w e r . The r e a c t o r p o w e r was r e d u c e d to 80 KW and t e m p e r a t u r e r e a d i n g s 

w e r e l o w e r t han t h o s e r e c o r d e d a t the 80 KW p o w e r l e v e l d u r i n g the f i r s t 

p a r t of t h e e x p e r i m e n t . Tab le A-2 s u m m a r i z e s the t e m p e r a t u r e o i e a s u r e -

m e n t s . 
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3.4 .2 3. Sxperim.ent 7 3-21 

A third power run was made on September 20 to 

investigate the improved heat t ransfer noted in the previous e.xperiment. 

Tempera ture and flow measurements were nnade at 10 reac tor power 

levels from 20 KW to 400 KW. The init ial emit ter t empera tu re readings 

at 80 KW were lower than those of Experiment 73- 19 but higher than those 

at the end of Experiment 73-20. At the 80-KW reactor power level, the 

emi t te r t e m p e r a t u r e s were s table . When the reactor power was ra i sed 

to 130 KW, the emi t t e r t empera tu res reached a maximum, then dropped 

with time at constant reac tor power. The reactor power was then ra ised 

in steps to 400 KW. At each power level, the t empera tu res dropped off 

as the reac tor power level was held constant. The reac tor power was 

then reduced in steps corresponding to three power levels reached on the 

way up to the ma.ximum power point. At each of these power points, the 

tem.perature readings were lower than measured initially. Tempera tu re s 

at the lower power levels did not decrease with time but showed a slight 

r i s e . 

Table A-3 summar izes the measu remen t s made 

during Exper iment 73-21 . At the maximum power of 400 KW, approxi

mately 1700 watts were produced in the device and a maximum midplane 

emi t te r t empera tu re of 1200 C was reached. For these conditions the 

input power to the emi t te r was 1593 watts . 

The relationship of reactor power to device power 

that was de termined in the f i rs t se r ies of heat t ransfer exper iments i s 

shown in Figure 3-7. The change in heat t ransfer cha rac t e r i s t i c s observed 

m Exper iments 73-20 and 73^2 1 also occurred m the second s e r i e s of 

experirnents . The explanation for the change is included m the discussion 

of Experiment 73-23, Section 3 .5 .2 . 1. 

3.4. 3 Conclusions 

The f irst s e r i e s cf heat t ransfer experiments was important 

in showing the equivalence of the nuclear and electr ic heat sou rce s . Also, 

the resu l t s led tc a number of improvements in fuel and device outgassmg, 

vacuum capabili ty, and experiment instrumentation and operat ion, which 

were incorporated before the second se r i e s of experiments was ca r r i ed 

out. Thus, the f i rs t exper iments proved of value in providing a bas i s for 

conducting a more meaningful second s e r i e s . 
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3. 5. Inpile Heat Transfer Experiment Series 2 

3 .5 . 1. E-xperiment Description 

The heat t ransfer device used for the second s e r i e s of inpile 

exper iments was of the same design as that used in the first s e r i e s with 

the following exceptions: 

1. An improved emit ter thermocouple pattern was used. 

2 . The fuel was outgassed at a higher t empera ture (about 

1970 C) and the re was an improved vacuum in the device at pinch off, 

3. The center of the fuel was located one inch below the 

center l ine of the co re . 

4 . A longer pinch-off tube was left on the device requiring 

a change in the top external plate. 

5. The aluminum cooling jacket was modified by replacing 

the dri l led coolant channels with aluminum tubing. This modification 

required a change in the method of connecting the paral le l flow paths 

through the jacket to the single inlet and outlet l ines and resul ted in a 

smal l inc rease in the s t ruc ture weight. (A s t ruc tu re gamma heating rate 

of 0 .48 watts/KW was used in determining the emi t t e r input power for 

these exper imen t s . ) ; 

In this device, as in the f i rs t , the inner chamber containing! 

the fuel and the outer chamber between the emi t t e r and split sleeve were 

not separate ly sealed. 

Ten P t - P t , 13% Rd thermocouples were located on the emi t te r 

to measu re the t empera tu re distribution (Thermocouple Pat tern 3, Figure 

A-14). Seven of these thermocouples were located in a ver t ica l l ine. 

Three additional thermocouples were located at the longitudinal nnidplane, 

thus forming a c i rcumferent ia l pattern of four thermocouples displaced 

e%ery 90 deg ree s . Inlet and outlet water t empera tu res and flow were 

measured for ca lo r ime t r i c cal ibrat ions . Tempera tu res were monitored 

throughout the experiment by using a multi-point r eco rde r . More p rec i se 

measu remen t s were made at each power level by using a Type K-3 poten

t iomete r (L&N). The coolant flow rate was determined from t imed volume 

measurements. 
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3 .5 .2 . Experimental Results 

3 . 5 . 2 . 1 . Experiment 73-23 

To insure meeting both the emi t t e r ternperature 

and heat flux objectives, the exper iment was ca r r i ed out in the following 

way. The reactor power was increased in steps to 262 KW, where a 

maximum emit ter t empera tu re of 1358 C was reached. This r eac to r 

power corresponds to a power input to the emi t t e r of 1187 wat t s . At 

each power step, t empera tu re and flow measure inents were made . Tem

pera tu res remained constant at a constant reactor power of 262 KW for 

approximately two hours . Thereaf ter , it was necessa ry to inc rease the 

reac tor power level periodically to hold the des i red emi t te r t empera tu re 

of 1350 C. A maximum reac tor power of 390 KW corresponding to a 

power input to the emi t te r of 1699 watts was required to reach an emi t t e r 

t empera ture of 1357 C appro.ximately four hours after reaching 1358 C 

at the 262-KW reactor power level. The reac tor power level was held 

at 390 KW as a limit on the maximum des i red heat flux and the emi t t e r 

t empera tu re s continued to drop with t ime . 

The reac tor power was then reduced in s t eps . 

Tempera tu res at the descending power s teps were lower than those of 

identical.ascending power steps At reac tor power levels of less than 

130KW, the emit ter t empera tu res did not dec rease with time at constant 

reac tor power. 

Table A-4 in Appendix A summar izes the m e a s u r e 

ments made during Experiment 73-23. Figure 3-8 summar izes the t em

pera ture measurements before tot: reduction of t empera tu re s began. Also 

included is a tempera ture measurement for a comparable power point 

of Experiment 73-19. Figure i-'^ is a summary of the emi t te r t empe r a 

tures (Thermocouple 5) as a function of t ime as determined from the 

r eco rde r t r a c e s . 

A synopsis of each experiment m this s e r i e s is 

included m Appendix A. Figure 3-10 shows the relationship of r eac to r 

power to device power as determined from all the exper iments in this 

s e r i e s . 

As shown in Figure ' - 9 a change in heat t r ans fe r 

cha rac te r i s t i c s took place approximately two hours after reaching a 

s teady-s ta te power level of 262 KW. At this time the total fission energy 

produced within the emi t te r was approximately 1.71 X 10' wa t t - seconds . 
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Because of the length cf the experiment and the decay l ime asscwiated 

with chains which produce the noble g a s e s , Xe and Kr, an equil ibrium 

gas production rate per fission was not establ ished before the change in 

heat t ransfer cha rac t e r i s t i c s was noted. It was assumed that 0. 1 gas 

atoms were produced per fission, which cor responds approximately to 

the direct yield of X e ' ^ and Kr** . With this assumption a total of approxi

mately 5. 58 X 10'* gas atoms was produced within the emi t t e r at the t ime 

the t empera tu re reduction began. Since the fuel compar tment and the 

outer compartment were not separately sealed, a total void volume of 

about 41 cc was available for the diffusion of the gases . With free in ter 

change between chamb-^rs and a 100% g a s - r e l e a s e rate f rom the fuel, a 

fission gas density of 1. 36 X 10'^ a toms /cc resu l t s . Solving the following 

equation for p r e s s u r e at an average gas t empera tu re of 790 K resul t s in a 

calculated p r e s s u r e of 0. 111 mm Hg. 

P 
n - 9.656 X I 0 « - ^ 

where 

n = number of molecu les /cc 

P = p r e s s u r e in mi l l imete r s of Hg 

T = gas t empera tu re , K 

A p re s su re of this magnitude would certainly have led to a t empera tu re 

reduction much ea r l i e r than shown in Figure 3-*^. Consequently, it seems 

reasonable to believe that the fission gas re lease rate was much less than 

100%. Observations of the change m tempera tu re with p r e s s u r e during 

the electr ical ly heated tes t s show the t empera tu re changes observed in 

the mpile experiment could have occurred at a re lease ra te of less than 

1%. Because of the assumptions that were made and because the rate of 

gas t ransfer from inner compar tment to outer compar tment i s unknown, 

real is t ic values of gas re lease rate cannot be established until a pos t i r -

radiation examination is completed. 

3 . 5 . 2 . 2 . Exper iment 73-24 

A second power run was made with the device on 

December 17, 1962, to further investigate the change in heat t r ans fe r 

cha rac t e r i s t i c s , which is evident by the resu l t s of the f i rs t power run. 

The reac tor power was increased in identical power s teps to those of the 
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previous experiment , and the emi t te r t empera tu res were slightly higher 

(Higher by approximately 20 C at 130 KVf) than those recorded during the 

descending power steps of the f i rs t exper iment . 

The maximum power reached was 340 KW cor 

responding to a total input power to the device of 1630 watts and 1467 watts 

input to the emi t te r . At this power level the maximum midplane t empera 

ture was 1204 C. Tempera tures continued to decrease with t ime at constant 

reac tor power. Table A-5 summar izes the resul ts of this exper iment . 

3 . 5 . 2 . 3 . Experiment 73-2 5 

During the third power run, the reac tor power was 

raised immediately to 330 KW and the emi t te r t empera tu res were nnonitored 

at this power level for approximately 2 hours . 

Tempera ture measurements for this experiment 

and the subsequent dynamic expe rinnents are suinmarized in Table A-6. 

3 . 5 . 2 . 4 . Experiments 73-26. 73-27. and 73-28 

Three dynamic experiments were performed to 

investigate the emit ter t empera ture change associated with rapid changes 

in reac tor power. These exper iments a r e discussed in Section 3 .6 . 

3. 5. 3. Conclusions 

Based upon the resul ts obtained in the second se r i e s of 

inpile heat t ransfer exper iments , the following conclusions were reached: 

1. The emit ter t empera ture and heat flux objectives were 

successfully met. An emitter surface tempera ture of 1350 C was achieved 

at a power input of 1500 watts to the emi t te r . The maximum power input 

was 1700 watts to the eini t ter . 

2. Temperature distribution measurements indicate no 

adverse tempera ture perturbations a re introduced through the use of the 

nuclear fuel pel lets , 

3. Although an analytic evaluation was inade, a post i r radia t ion 

examination is required to establ ish an accurate value for the f iss ion-gas 

re lease ra te . 
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3. 6. Dynamic Measurements of Nuclear Heating 

3 . 6 . 1 . Introduction 

As par i of the second se r i e s of heat t r ans fe r exper iments , 

severa l power runs were made to de termine the dynamic behavior of the 

system with changes in heat input. It was anticipated that the pa r ame te r s 

and mechanisms of heat t ransfer from the emi t t e r to the collector and 

other ma te r i a l s >vould, in this way, be be t t e r understood. However, the 

analysis of the data has shown that the behavior of the system can be ade

quately descr ibed with a single lumped-paramete r t ime constant. 

3 . 6 . 2 . Exper imenta l Setup 

The conditions of the exper iment were those descr ibed for 

the second heat t ransfer experiment installation with the additional equip

ment neces sa ry for fast recording of thermocouple outputs. A Keithley 

Model 310 voltage amplifier was used to feed a Sanborn r e c o r d t r . The 

frequency response of the s> stem was adequate to 100 cycles , although 

resul ts indicated that no high frequency components were present and 

later work was done with a Model-G L&N multipoint r eco rde r . 

The experiments involved bringing the sys tem up to equilib

rium power and then making a rapid change in power, usually by s c r a m -

iTiing the reac tor so that input power was essent ia l ly removed as a step 

function Plots were then made of the t e m p e r a t u r e s as indicated by the 

thermocouples on the emit ter and other port ions of the device. 

3 . 6 . 3 . Theoret ical Expectations 

The mechanisms of heat inser t ion and removal from the 

system were considered as 

1. Fission heat c rea led in the fuel itself fronn thernnal neu

tron fissioning of the U^'' . 

2. Gamma and neutron heating in the s t ruc tu ra l m a t e r i a l s , 

which heating is m turn direct ly related to the operat ing power of the 

driving reac tor (the LPR). 

3. Loss of heat by radiat ion ' I rotn the surface of the ennitter 

to the col lector . 
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4. Loss of heat by conduction through the metal s t ruc tu re . 

5. Loss of heat by gaseous conduction m the space between 

thp ennitter and col lector . 

In writing a kinetic equation of the t empera tu re of the emi t t e r 

as a function of system p a r a m e t e r s , the model was simplified by assuming 

1. The emi t te r sheath and the internal fuel were considered 

as one body and the specific heat was the sum of the two specific heats 

with the sys tem assuined to be at the emi t te r t empera tu re . 

2. The conductive heat losses were simple first o rde r con

ductions dependent on the mate r ia l and the t empera ture differences, and 

a single conductivity p a r a m e t e r was used. 

3. The radiative heat t ransfer obeyed the Stefan-Boltzmann 

law. 

where 

Thus the equation is 

p p p * ' p 

T = T - T e c 

T = tempera ture of the emi t te r in K e "̂  

T = t empera tu re of the collector in K c ^ 

Q = the heat from fuel fission and gamma neutron 
heating in watts 

C = the total specific heat of the emi t te r s t ructure 
" and fuel in wat t - seconds /G 

Ki = the conductivity in the emi t t e r -co l lec to r gap 

(other conductivities a re neglected) in w a t t s / c m - C 

K^ = conductivity through metals 

A = the a rea of the e ini t ter surface = 60 cm^ 

t = the hot gap between emi t te r and collector = 0.24 cm 
cr - the Stefan-Boltzmann constant = 5. 67 X 10"'^ 

wat ts /cm^-K* 

t - the total emiss i i ' i ty of the surfaces |-g- +-g 1 j ' 
_̂  \ e c ' 
T = the tinne derivat ive of the t empera tu re difference. 
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3 . 6 . 3 . 1 . Heat Capacity 

The heat capacity of the system was determined 

from the sum of the individual heat capacit ies of the molybdenum emit ter 

and the enclosed fuel (UO^). Each of these mate r i a l s exhibits an increase 

in specific heat with an increase in t empera tu re . Information on the UO^ ' 

and the molybdenum, ^ given in c a l o r i e s / g r a m - C , was converted to watt-

second/C for the total 132 grams of UO2 and the 141 g r a m s of nnolyhdenum. 

Near 100 C the total specific heat was 73 wa t t - seconds /C and near 1000 C 

the total specific heat was 90 wat t - seconds /C. 

3 . 6 . 3 . 2 . Radiation Heat Losses 

The radiative heat losses were increased by 

roughening the surfaces of the emit ter and collector so that the emissivi ty 

would be increased . If the ennissivity were perfect and the collector tem

pera ture were between 27 C (300 K), and 127 C (400 K) varying as a func

tion of power to account for temperacure drops, a calculation of the total 

watts radiated vs tempera ture of the emit ter for the full 60 cm^ would be 

as shown in Figure 3-11. 

Elect r ica l t e s t s , which were performed on the 

experiment p r io r to inpile insertion, provide an indication of the ennis

sivity. One such tes t on September 3, 1962, was operated with a near 

vacuum between collector and emit ter (1. 3 •*< 10 * mm Hg). In this 

experiment the heat t rans fe r red by radiation was determined separate ly 

from the solid conduction end-losses by the use of separate heat sinks. 

A total of 1183 watts was t ransfer red by radiation from an emi t t e r with 

a weighted average tempera ture of 1420 C. This indicates a value for 

the radiative efficiency of 0 .41 . Thus, to determine the relat ive amount 

of heat t r ans fe r by radiation, the tempera ture of the emi t te r is determined 

by measurement , the perfect radiation loss is read from Figure 3-11, and 

the radiated watts are connputed b) multiplying by the radiative efficiency, 

0 . 4 1 . 

3. 6 . 3 . 3 . Thermal Conductivity 

The thermal conductivity of the gap, K j , between 

the emi t te r and the collector is a function of the type and quantity of mater ia l 
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in the gap. This value was subject to continual change during the exper i 

ment as gasses from fissicn products and residual gas diffused into the 

fuel-emit ter gap and through the in te r rompar tmenta l leak to the emi t t e r -

col lector gap. This quantity is the subject of the measu remen t s in Sec

tion 3 .6 .4 . The conductivity through sol ids , represented by the Kj con

stant in Equation 1, was evaluated from the mate r ia l constants and the 

measurement s of t empera tu res on the e lect r ical ly heated exper iments . 

The measured conduction loss at an average emi t te r t empera tu re of 

1370 C and for 1285 watts power input to the emi t te r was approximately 

102 wat t s . 

3 . 6 .4 . Static Measurements 

For the static case , the t ime rate of change of the t empera 

ture is zero and all the numbers on the right side balance. The heat 

available for radiation and gap conduction loss (Q J is the heat m e a s -
^ '^ net 

ured from the ca lor imet r ic balance minu.^ the sclid conduction heat loss 

minus the gamma and neutron heating of the s t ructure other than the 

emi t t e r (0.48 watts/KW^ of reactor power). Thus the equation is 

Qnet-K>4-f - ' ^ ^ ^ ( n - n ) <2> 

Table 3-1 shows some of the resul ts from static m e a s u r e 

ments . Note that the last determination was made by taking data after 

a sudden drop in reac tor power from 200 to 100 KW. The change in power 

took about three minutes . Since the level at lOO KW came to equilibrium 

quickly, it is considered that the amount of gas in the gap remained con

stant. There was no ca lor imetr ic determination of the output power from 

the device, but the power is assumed to have dropped from 2A to A. Thus, 

there are two sets of conditions for Equation 2 with the unknowns A and K | . 

K] shown in Table 3-1 is the solution for this pa i r . 

3.fe, 5. Kinetic Measurement of Tempera ture 

Four sets of measurements were taken on the heat t r ans fe r 

system, which involved coming to an equilibrium tennperature and then 

scramming the reac tor so that the heat input was essential ly reduced 

to zero instantaneously A plot of the tempera ture information from one 

of the thernnocouples was put on semi- logar i thmic paper shown typically 

3-17 



m F i g u r e 3 - 1 2 , and the s l o p e of the t e m p e r a t u r e d e c r e i n e n t w a s d e t e r 

m i n e d . T h e a s s o c i a t e d t i m e c o n s t a n t i s t h e t i m e r e q u i r e d fo r the t e m 

p e r a t u r e t o d r o p one e - fo ld . 

The i n f o r m a t i o n i s not su f f i c i en t ly p r e c i s e t o a l l ow c u r v e 

f i t t ing on the fol lowing e x a c t equa t ion , w h i c h i s b a s e d on l u m p i n g hea t 

t r a n s f e r c o n d u c t i o n and a s s a m m g tha t the g a m m a and n e u t r o n h e a t i n g 

went to z e r o w h e n the r e a c t o r w a s s c r a m m e d . 

T — ^ T - ^ M . T ^ ) (3) 
P P ^ ' 

At t h e low p o w e r i n p u t s , t he r a d i a t i o n l o s s c a n b e c o n s i d e r e d 

n e g l i g i o l e . S ince the d a t a a p p e a r s to g ive a good e x p o n e n t i a l f i t , t he 

p a r a m e t e r s a r e l u m p e d i n t o one tinne c o n s t a n t , C / K 3 , w h e r e Kj e q u a l s 

K , V A / t , 

T - - ^ T (4) 
P 

T a b l e 3-2 s h o w s the r e s u l t s of the d y n a m i c m e a s u r e n n e n t s . 

3 6 6 C o n c l u s i o n s 

. . v a l u e s of gap conduc t i on d e t e r m i n e d f r o m the s t a t i c 

measurennc . ' . i s show a s ign i f i can t i n c r e a s e o c c u r r e d b e t w e e n the f i r s t 

and s e c o n d e x p e r i m e n t s l i s t e d m T a b l e 3-1 The d i r e c t i o n of c h a n g e 

w a t c o n s i s t e n t w i th the c h a n g e tha t w a s no ted m the e m i t t e r t e m p e r a 

t u r e s Within the a c c u r a c y of the e x p e r i m e n t , the d y n a m i c and s t a t i c 

m e a s u r e m e n t s of the h e a t t r a n s f e r c h a r a c t e r i s t i c s of the gap a p p e a r t o 

be m good a g r e e m e n t . F o r c o m p a r i s o n , a t y p i c a l v a l u e of c o n d u c t i v i t y 

l o r h e h u m a t 32 0 C i s 0. 0022 w a t t s / c m - C . ' 

The a p p e a r a n c e of the s ing le t>me c o n s t a n t d e c a y did not 

p e r m i t e v a l u a t i o n of the s e p a r a t e m e c h a n i s m s of r a d i a t i v e a n d c o n d u c -

t-»e hea t t r a u o f c r , b a t i t did i nd i ca t e how s t u d i e s of the k i n e t i c s c a n b e 

g r e a t i v s i m p l i f i e d by u s i n g f i r s t - o r d e r E q u a t i o n 4 . The t i m e c o n s t a n t 

l o r enni t te r coo l ing a s d e t e r m i n e d by the e x p e r i m e n t a l r e s u l t s shown m 

F«g.;r»» 3-12 w a s a p p r o x i m a t e l y 97 s e c o n d s . 
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Table 3 - 1 . Static Heat Transfer Determination 

D»tm 

D«c*mbcr 14, 1962 

D«c«mb«r 19, t<^62 

D»c«mb«r 31 . ]Hi 

0icamb«r } | , IHl 

Tima 

2 M 4 

16411 

1M5 

mo 

Reactor power. 
KW 

200 

2 00 

200 

100 

Calor imetr ic 
heat, 

watte 

869 

827 

2A 

A 

conductio: 
watte 

64 

62 

42 

T . 
e 

C 

1121 

905 

«71 

Mir 

T , 
r 

C 

82 

Q „ . watte 

38 6 w/lOO KW 

96 

96 

96 

4« 

radiat ion' 
wat te 

615 

291 

2S8 

82 

K,, A / t 
r. - T )̂ 

watte 

84 

2 A - 4 I 6 

A-171 

0 0003 

0 0018 

Table 3-2. Dynamic Data on Heat Transfer Exper iments 

Date Time 

December 19. 1962 1648 

December 31 , 1962 1645 

January 2. 1963 1345 

January 4. 1963 0954 

Reactor power. 
KW 

200 

150 

20 

10 

Time ronatant. 

114 

97 

149 

195 

Total C , 
P 

UO, 1 Mo. 
watt l e c / C 

90 

90 

74 

73 

C / • 
P 

wa t l» /C 

0 82 

0 9 i 

0 50 

0 37 

T , av , 

(belorr) 

12 0 

11 10 

189 

106 

C 

K 
K, K t / A 

w * t t t y r n i - C 

0 0019 

0 0014 



F i g u r e 3 - 1 . S p e c i a l E m i t t e r A s s e m b l y 

Support Disc 

I 
I 
I 

Ni - Nb Solder 

D a m 

Ennitter 

E lec t ron Beam Weld 

Diaphragm— 1/32" * 

Thermocouple Locations 

3 / 1 6 -

Support P in 

Diamete r to Fi t Diaphragm 
- i / i 6 ' Ref. 

0.105 ± 0.001 
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Figure 3-2. Heat Transfer Device 

• ABsemblcd 
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Assembly 
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Figure 3-3. Assembled Components of the Heat Transfer Device 



I • G
 

« E l« 

I c 

H
 • u 3 es 

> 

5
'" 

K
M

 
O

jO
 

J
! 

J
| 

•
f 

H
I 

f 
£ 1 

Ji5 

4 
C

 
^ 

•' 
t'fe 

i 
7 

o
 

0 
» 

i
i

J 

Ifc 

• 
^ ?

 i^U
i 

t-

* I 
• ,c 

-4 
1 _ _ 

If! 

"If 
-^

*!« 

11 
i|i 

l
i

e 
A

 I-

J 
-

it 
I 

I :J^ 

•, i 
IJ 

4 '4 
a 

* 
f 

» -L
 

< H
' 

'^ 
e 

* 
t* 

u 
«; 

o
il) 

[I. 
* 

* 
t 

J 

S
 

?
'"* 

tl 

A
ir. 

O
 11> 

n 
» 

• 
! 

» 
t 

i 
• 

-^(^ 
©

 0 (JX̂
)©

 ©
®

 
(p

^
©

©
©

®
©

 

/ 

/ 
-<s 

A
, 

• 5
3 

) 
n

 
\ 

s 
y

\ 

*» 
%

', 

?
 > 

^
\ 

tf 
s 

0 0 
jr 

t 
[ 

:i * 
i 

C
I 

if 11 
i 

fi B 

r̂*̂
 L

 W
m

|B
a

p
u

ia
«

fc
ft 

file://-/-~eT-.-rn71iHa


| 0 

I 
I 
I 

. I 

ii 
I 

I'i 

F-gure 3-5 Components of Heat Transfer Assembly 
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Figure 3-6. Installed Electric Heater 
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Figure 3-S. Emi t t e r Te inpera ture Distribution — Experiment 73-23 
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Figure 3-8 Emit te r Tempera ture Distribution — Experiment 73-23 

Experiment 73-19 

SJ 

3 
O 
o 
o 
£ 
« 
H 

Reactor Power 
Emit ter Puwer 

\ \ 
_80 KW J20 Kw' 

265 watts 452 watts 

199 KW 
720 watts 

200 KW 
770 watts 

_L _L X 4- _L 

262 KW 
1187 watts 

L_ J 
700 800 900 1000 1100 1200 1300 1400 

Emi t te r Tempera tu re , C 



r ( " I^^Hiiii,^ I III 11 1 |«k*«*.s«^ »- ^* 1 

Figure 3-9. Emit ter Teinperature and Reactor Power Va Time 
(Experiment 73-23) 
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Figure 3-10. Device Input Power Vs Reactor Power for Inpile Heat 
Transfer E.xperiment Series 2 
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Figure 3-11. Plot of Heat Los i by Radiation for the H«at Transfer 
Experiment Assuming Perfect Emissivi ty (e - 1) 

£ 

10* 

H 

10' 10' 

Rddiat ion vhatts 

10' 

wrtttw . * . « « ' I l l >»«- "_' 



F i g u r e 3 - 1 2 . T e m p e r a t u r e P l o t of T h e r m o c o u p l e 5 , R u n 2 8 , 
S c r a m f r o m 3 5 0 KW 

100 

90 

80 

70 

60 

SO -

40 

30 _ 

HI 
u 
02 

3 

10 

9 \-

8 

7 

6 

5 

3 -

-

-

1. 

OI * 

r 
-

-

-

-

-

, 

1157 C 

\ 
\ 

\ s 
\ 

\ 

\ 

\ 

50 100 150 

T i m e , s econds 

200 2 50 



4. THERMIONIC CONVERTER EXPERIMENT 

4 . 1 . Introduction 

4. 1. 1. Purpose 

The purpose of the thermionic conver ter experiment was to 

operate a nuclear-fueled thermionic device in the Lynchburg Pool Reactor 

for a period of up to 100 hours . After successfully completing the required 

100 hours operation, approval was received for continuing the inpile exper i 

ment an additional 200 hour s . The additional 200-hour experimental 

period was also completed successfully. 

4. 1.2. Scope 

The thermionic conver ter experiment -was ca r r i ed out in two 

s teps . The f i rs t step consisted of the e lec t r ica l test ing of the conver ter 

using a heat sink design s imi la r to that specified for use inpile. After 

the e lec t r ica l t es t s were completed, the sanne device was fueled, sealed, 

outgassed, and installed in the inpile configuration. The device was then 

operated continuously for more than 300 hours using nuclear heat in the 

Lynchburg Pool Reactor . During this period the conver ter produced a 

maximum elec t r ica l output of 155 watts (2. 58 watts/cm'^) at a computed 

efficiency of 10.3%. 

While some of the conver ter cha rac t e r i s t i c s were evaluated 

during the 300-hour life tes t , additional exper iments a r e required to more 

thoroughly investigate the thermionic conver ter performance in a nuclear 

reac tor environment. 

4 . 2 . Design D ascription 

4 . 2 . 1 . Conver te r 

The conver ter used for the inpile experiment , designated the 

RCA Developmental Conver ter Type A-1197A, is shown in F igure 4 - 1 . 

A c ros s - s ec t i ona l drawing is shown in Figure 4 -2 . The converter con

s is t s of a cyl indr ical emit ter surrounded by a cyl indrical col lector . The 
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molybdenum ennitter, containing the nuclear fuel, is supported at the bottom 

by a pm connected to a copper diaphragm, which in turn is connected to the 

side wal ls . The pm and diaphragm^ serve to support the emit ter , to allow 

conduction of e lec t r i ca l energy, to minimize end conduction heat los ses , 

and to allow for t he rma l expansion of the emi t te r . Fins on the pin reduce 

radiant heat l o s s e s . A cyl indrical heat dam and support disc a r e located 

at the top of the ennitter to per form the same function as that of the pin 

•ind diaphragm except that the support disc is rigid ajid allows no movement. 

The cyl indrical nickel collector has ce ramic insulators at 

each c-d to insulate the collector f rom the emit ter end s t ruc ture . This 

construction r e su l t s in a device which is e lec t r ica l ly double ended. (Note 

the upper and lower emi t te r connectors of Figure 4 -1 . ) Attached ex te r 

nally to the col lector a r e s ta in less s teel fins, which connect to a collector 

cooling s leeve. These fins conduct e lec t r ica l energy and maintain the 

desired collector t empera tu re by conduction to an external heat sink. 

The copper pinch-off tube at the bottom of the device se rves 

a s the cesiunn r e s e r v o i r and is surrounded by a heater and insulation. 

This a r rangement allows the cesiunn vapor p r e s s u r e to be controlled by 

varying the r e s e r v o i r t empe ra tu r e . The fuel chamber cap at the top has 

an exhaust tube, radiat ive heat dams and a pinch-off cover . 

The conver ter is designed to provide an output of 150 watts 

(2, 5 wa t t s / cm ' ) at 0.46 volts and 325 d-c a m p e r e s . This output requ i res 

an input of 1500 wat ts . Other design paramet- - s a r e shown in the follow^ing 

l i s t s . 

Mater ia ls 

Emi t t e r Molybdenum 
Collector Nickel 
Nuclear fuel UOj, enriched 20% with U^^' 

Dimensions 

Emi t t e r ID = 0. 500 in. 
OD = 0. 720 in. 
Height = 4. 250 in. 
Active a r ea = 60 cm^ 

Fue l OD = 0. 492 in . 
Height = 4. 100 in. 

Tempera tu re s 

Emi t t e r 1350 C 
Collector 650 C 
Ces ium r e s e r v o i r 300C 
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The RCA Type A- 1 197A Converter contains a number of 

design changes from that of pres'ious conver terb to permi t proper operation 

of the device inpile. Two of the most important changes incorporated by 

RCA are the following: 

1. Gas-cooled nickel col lector fins were replaced by stain

less steel col lec tor fins. The increased the rmal res is tance made it pos

sible to reduce the outer diameter as well as to maintain the desired col

lector t empera tu re with a water coolant. A spli t-cooling-jacket heat sink 

s imi la r to that used in the heat t r ans fe r exper iments was used. The 

cooling jacket was machine fitted to the col lector sleeve to mminnize the 

contact r e s i s t ance . The coolant lines served as the collector e lec t r ica l 

leads . 

2 . The emi t te r connector fms were modified to permit the 

emi t te r connector to operate at the t empera tu re of the water coolant and 

to pass the coolant lines from the col lector cooling jacket. The emi t te r 

connector was bolted to the aluminuin container to complete the e lec t r ica l 

c ircui t and the the rmal path to the heat sink for s ea l - t empera tu re control . 

Since the connector fins were of light construct ion, they were not used to 

mechanically support the conver ter within the container . 

4 . 2 . 1, 1. Elec t r ica l Operation 

P r io r to the inpile operation the converter (RCA 

Type A-11'?7A, Number 36) was operated by RCA using an e lect r ica l heat 

source . The conver ter v.as operated at an e lec t r i ca l output of more than 

150 watts . The col lector- and emi t te r -connector -cool ing water was on 

full and the ces ium heater required 48 watts to maintain the proper ces ium 

tempera tu re In addition to providing an operat ional checkout of the con

ve r t e r , the e lec t r i ca l tests provided performance data for la ter comparison 

with resu l t s obtained mpile. Following the inpile tes t , an additional con

ve r t e r (RCA Type A-119~.A, Number 40) was e lec t r ica l ly tested. In tliis 

test both the inpile and out-of-pile per formances of conver ter 36 were 

duplicated. A comparison of the resul ts of these tes t s is listed as follows: 
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Converter temperatures, C 
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4 0 8 

4 1 8 
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2 9 6 

331 

32 5 

3 1 5 

9 

--
2 9 2 

3 2 7 

--
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Tberrrocouple Icscations are shown in Figure 4-4. 

4 . 2 . 2 . Inpile E.xpjeriment Design 

To simplify the description of the inpile experinient design, 

the assembly is divided into three sect ions: 

1. The converter section. 

2. The load section. 

3. The dry pii>e section. 

4 . 2 . 2 . 1 . Converter Section 

The converter section consisted of the conver ter 

with ces ium-hea te r assembly, an aluminum cooling jacket with coolant 

tubes, and an aluminum can. These components a r e shown in Figure 4 - 3 . 

The conver te r was installed in the aluminum can by bolting the emi t te r 

connectors to two rings brazed to the can. Thus the can itself was at 

emi t te r potential. Figure 4-3 also shows the heater and thermocouple 

leads. Two cesium heaters were installed to insure reliable performance: 

Ceramic insulators were used on the heater leads; Fiberglas tubing was 

used to insulate the thermocouple leads. 

4 . 2 . 2 . 2 . Load Section 

The load section consisted of an incore aluminum 

tube containing the inlet and outlet coolant lines and fittings that formed 

part of the e lec t r ica l load. The incore tube was welded to the top of the 

conver te r - sec t ion aluminum can. Figure 4-4 is an assembly drawing of 

Conv e rte r 

36 

36 

36 

4 0 

4 0 

Htat 
sou'-ce 

E lec tr i ca l 

Nuclear 

Nuclear 

E l i c t r i c a l 

E lec tr ica l 

Per- e r output. 
watts 

1 5 5 

155 

132 

1 3 5 

155. 5 

Power input. 
watts 

1480 

1503 

1503 

U 6 9 

1344 

1 

SbO 

5 M 

5 9 ? 

6 2 0 

6 5 5 

2 

4 9 5 

4 7 7 

4 9 0 

5 4 0 

S 7 0 

3 

5 8 5 

6 1 1 

6 1 7 

6 2 0 

6 5 0 
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the inp i le e x p e r i m e n t and shows the c o n s t r u c t i o n of t h e load s e c t i o n . 

F i g u r e 4 - 5 shows the d e t a i l s of the c o m p o n e n t p a r t s . 

P a r t of the e l e c t r i c a l load w a s p l a c e d inp i l e t o 

m i n i m i z e the s i z e of the c o n d u c t o r s b r o u g h t t o t h e t o p of t h e p o o l . T h e 

o u t - o f - p i l e p o r t i o n of the load con ta ined a v a r i a b l e r e s i s t a n c e leg so tha t 

the t o t a l load r e s i s t a n c e could be v a r i e d e .x t e rna l ly . 

The inp i le load c o n s i s t e d of the two ou t l e t coo lan t 

l i n e s froiTi the coo l ing j a c k e t f a s t ened t h r o u g h f i t t i ngs t o o n e - f o u r t h - m c h 

n i c k e l t u b e s , w h o s e leng th and t h i c k r e s s w e r e a d j u s t e d to p r o v i d e t h e 

p r o p e r r e s i s t a n c e . The n i cke l tubes w e r e then a t t a c h e d t o t w o a l u m i n u m 

t h r o u g h - t u b e s which w e r e welded to the i n c o r e t u b e . 'Welding the t h r o u g h -

t u b e s to the m c o r e tube c o m p l e t e d a p a r a l l e l i n t e r n a l e l e c t r i c c i r c u i t 

c o m p o s e d of the iwo out le t coo lan t L n e s . In add i t i on , t h i s a r r a n g e m e n t 

p r o v i d e d the m e a n s for s u p p o r t i n g the d e v i c e , s i n c e it cou ld not be 

s u p p o r t e d by the e m i t t e r c o n n e c t o r f m s . F i g u r e 4 - 6 i s a p h o t o g r a p h of 

the inp i l e load a f t e r the F i b e r g l a s i n s u l a t i o n w a s i n s t a l l e d b . . ' b e f o r e t h e 

add i t i on of t h e i n c o r e t u b e . 

The two inle t coo lan t t u b e s f r o m t h e coo l ing 

j a c k e t f o r m e d p a r t of the e x t e r n a l load . T h e s e t u b e s w e r e a t t a c h e d by 

f i t t i ngs to c o p p e r t u b e s that w e r e b r a z e d in to a h e a v y - w a l l c o p p e r p ipe 

ex tend ing t h r o u g h the d r y p ipe to the top of t h e p o o l . F i g u r e 4 - 4 , t h e 

a s s e m b l y d r a w i n g , shows the o u l - o f - p o o l p o r t i o n of the l o a d . The v a r i a b l e 

p o r t i o n of the load i on'; s ted of a l eng th of o n e - f o u r ' ^ h - i n c h s t a i n l e s s s t e e l 

tub ing The effect ive length could be changed by s h o r t i n g a c r o s s the t ube 

wi th a c o p p e r t o n d u t t o r The d r y p-pe f o r m e d t h e r e t u r n lead of the 

e x t e r n a l load 

F i g u r e B - 9 m Append ix B i s a d i a g r a m of the 

load con t a ined wi th in the - n c o r e tube and l i s t s t h e %'oltage r n e a s u r e m e n t s 

u sed to d e t e r m i n e t h e mp j l e load r e s i s t a n c e . F i g u r e B - 1 0 in Append ix B 

i s a d i a g r a m of the o u t - o f - p o o l p o r t i o n of t h e l oad and l i s t s the vo l t age 

n i e a s u r e m e n t s for t h i s c o n f i g u r a t i o n . 

The inpi le load r e s i s t a n c e w a s d e s i g n e d to be 

a p p r o x i m a t e l y 1.5 X 10" ' Q s h a r e d equa l ly b e t w e e n t h e p a r a l l e l i np i l e 

l o a d s f o r m e d by the out le t coo lan t t u b e s T h e e x t e r n a l load w a s d e s i g n e d 

to be v a r i a b l e b e t w e e n 2 x 10" ' U and is f in i ty . T h i s g a v e a r a n g e of 

0. 86 X 1 0 " ' n to 1. 5 X 10 " ' n p lus the c o n t a c t r e s i s t a n c e b e t w e e n c o l l e c t o r 
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and jacket and between emit ter connector and can. Current and voltage 

measurement s taken during conver te r operation indicate the load could 

be varied between = 0. 96 X i C Q and 1. 66 X 10"' Q. 

To measu re the cur ren t through the inpile load, 

voltage taps and thermocouples w e r e placed on the two cal ibrated nickel 

load tubes. The cal ibrat ion consisted of accura te ly determining the 

variat ion of r e s i s t ance with t empe ra tu r e . Load 1 was calibrated for r e s i s 

tance versus thermocouple emf f rom about 28 to about 62 C. Load 2 was 

cdiibrated for res i s t ance ve r sus thermocouple emf at about 28 C. F igure 

B-B m Appendix B is a summary of the calibrat ion nneasurements . The 

calibrated portion of the external load was found to have a res i s t ance of 

0. 0645 X 10*^ n at room t e m p e r a t u r e . 

4 . 2 . 2 . 3 . Dry-P ipe Section 

Since only par t of the e lec t r ica l energy was 

brought out-of-pile., the size of the e lec t r ica l conductors was minimized 

and a dry-pipe design was used. A 1 5-1 oot-9-inch aluminum pipe was 

welded to a top plate on the mcore tube and extended 2 feet 8 inches above 

the puol. The pipe contained the inlet coolant line (a heavy-wall copper 

pipe), thermocouple extension cable, voltage leads, and two helium gas 

l ines . A plastic c lamp was used to support the coolant line at the top of 

the pipe and F ibe rg las was used to insulate the coolant line from the pipe 

along the length. The top of the d r y pipe was sealed with epoxy. F igure 

4-4 IS an assembly drawing showing detai ls of the dry-pipe design, 

4 . 2 . 3 . Assembly 

The following paragraph briefly descr ibes the assembly of 

the converter experiment for inpile operat ion. 

F igure 4-7 shows the f i r s t step m the a s sembly of the exper i 

ment, *he addition of the nuclear fuel to the conver ter . The fuel-chamber 

end-cap assembly was then welded on and the device was outgassed at 

300 C. Detai ls of the fuel and device outgassmg a re included in Appendix 

B. The device was pinched-off from the vacuum system at a p r e s s u r e of 

4 X 10"*. After the device instrumentat ion was added, the conver ter was 

installed in the aluminum can as shown in the sequence of F igure 4 - 3 . 

The aluminum coolant tubes were cut to length and the load section was 

mated to the conver te r section. All e lec t r ica l connections were made 
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and the three sections (the converter section, the load section, and the 

dry pipe section) were welded together . F igure 4-8 i l lus t ra tes the r e m a i n 

ing steps in the assembly . A square aluminunn box welded to the incore 

tube was used to position the assembly in an empty reflector can. After 

connecting all coolant and helium gas l ines, the assembly was leak tested 

and installed inpile. 

4. 2. 4. Instrumentat ion 

The basic on-device instrumentat ion consisted of nine t h e r m o 

couples and two voltage taps, which were located as shown in Figure 4-4 . 

In addition, metal-sheathed thermocouples were installed in the inlet and 

outlet coolant l ines, and thermocouples and voltage taps were installed on 

each of the calibrated load tubes. 

The monitoring instrumentat ion consisted of two L&Ĵ  12-point 

r e c o r d e r s for continuous monitoring of t empera ture and ennf data and a 

Type K-3 potentiometer for p rec i se , periodic measu remen t s . Selector 

switches were ar ranged to allow any single emf to be disconnected from 

the r eco rde r and measured on the potent iometer . Meters were also 

connected to display the device voltage and cur rent through one of the 

inpile loads . Since one vol tmeter loaded down the reading, the vol tmeters 

were switched out of the circui t when the potentiometer was read. 

The cesiunn heater used a 0-18 volt, 10-ampere, filte-ed 

d-c power supply. The a-c input also had variable control . Res i s to rs 

were placed in the output circui t to allow the voltage and cur ren t to be 

continuously monitored by a 0-10 mi l l iampere r eco rde r . 

4. 2. 5, Coolant Circui t 

F igure 4-9 is a schematic d iagram of the water coolant 

circui t , including flow-monitoring equipment and the loss of flow a l a r m . 

The accurate measurement of cooli.ng-water flow was essent ia l to d e t e r 

mine reliable power input data. Measurements of total flow and flow from 

each outlet line were made A plot of this data is found in Appendix B. 

Measurements during calibration and during the 300-hour run at 1000 on 

January 17, 1963, resul t in a rat io of load flow to total flow of 0.455 for 

Load 1 and 0. 545 for Load 2, Since only total flow was measured during 

device operation, it was la ter neces sa ry to co r rec t for the non-uniforni 

flow distr ibution. 
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After the power run .» was found that the flow regulator 

was jammed m a manner wn^^h prevented good flow regulation. The 

power input da^a at low flow ra tes w^as much more accura te than at the 

higher flow r a t e s . 

4. 2, 6, Hel am Circui t 

A sysrem to flow hel-iini *nfo the experimental assembly was 

used. The basic purpose was to provide an inert gas to reduce oxidT.tion 

of « onver 'e r par t s and exclude a i r f rom the high-flux region. During 

'he experiment the helium ci rcu . t was used on one o..casion to cool the 

ces ium re se rvo i r . Fig ' i re 4-10 is a schemat.c d iagram of the a r r a n g e 

men t s . 

The helium flow ra te was not used m any cal ibrat ion. How-

e- t r, a measurement of flow ve r sus p r e s s u r e m the experimen'^al thimble 

was considered mean.ng^ul. These flow ra tes and their corresponding 

p r e s s u r e s a r e listed as follows: 

Flow ra te , 
cfh 

1 

2 

3 

4 

6 

8 

4 3. Inpile Experiment Operation 

The actual operation of a thermionic dev.ce using a nuclear heat 

source met the planned exper imental objectives. The device produced a 

maximum of 155 watts of e lectr icai output (2 58 watts/cm^) at a computed 

e t l i i iency of 10, 3*̂ . It operated for 250 hours at an average output of 

132 watts . It ran for a total of m o r e than 300 hours , although the las t 

50 hours were at a somewhat reduced output During the power run, the 

device produced approxmnately 38 kwfc of e lect r ica l energy. 

4 . 3 . 1 . P r e s t a r t up Phase 

On January 14, 19b3, the mpile assembly was loaded into the 

center hole of the Lynchburg Pool Reac^or, Core 143. All water and 

P r e s s 
p s i 

2 . 

4 . 

7. 

q. 

13. 

15 

ure . 
6 

0 

5 

0 

0 

0 

0 
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helium c i rcu i t s were connected and checked out. The reac tor was then 

brought c r i t i ca l and leveled off at 1. 3 wat ts . F r o m the position of the rods , 

it was established that ttie device assembly had no effect on the react ivi ty 

of the r eac to r . That i s , the addition of fuel and the removal of water f rom 

the exper imental space added enough react ivi ty to compensate for the 

reactivity loss due to the presence of poisonous mate r i a l s in the device. 

The excess reactivity available in Core 143 was about I . 00% 

6k/k. Since the xenon reactivity effect during the run was expected to be 

grea te r than this value, a part ial fuel element (95 g rams U**') was replaced 

by a full fuel element (190 grams U*"). This configuration was designated 

Core 144. The reac to r was brought c r i t i ca l again and found to have an 

excess react ivi ty of 2. 69Tc 6k/k. F igure 2-1 is a c r o s s section of Core 

143. 

4. 3. 2. Summary of Operation, Startup and Shutdown 

The inpile converter experiment began at 1113 on January 15, 

19 i3 . The reac tor reached a power level of 1 KW but was sc rammed during 

an instrumentat ion adjustment. The reac tor was then res ta r ted , and the 

poA-er level increased in steps to I KW, 10 KW, 80 KW. and 120 KW. Data 

were taken a t each power level. The reac to r power was then slowly ra i sed 

(ill 1 hour) to 225 KW. As may be seen m Figure 4 - 1 1 , the re was a smal l 

e lect r ica l output at this reactor power as the ces ium tempera ture was 

rajised. The reactor power was ra ised to 285 KW and a sharp r i s e in 

electr icai output power v.as noted. The reac tor power was then increased 

in success ive steps to 430 KW by 2016. Figure 4-12 contains a plot of 

reactor power, device input, and device output ve r sus t ime for the conra-

plete run. The reac tor power was eventually increased to 520 KW for most 

of the run. The average device output power during the 520-KW operation 

was 132 wat ts . 

A special experiment showed that the device output could have 

been 155 watts or higher for the ent i re run had the means been available 

for continuously cooling the cesium r e s e r v o i r . After 250 hours the device 

power output began falling slowly. The reac tor power was lo-wered to 

500 KW after 275 hours and remained there until just before shutdown, 

when the power was adjusted to a maximum of 553 KW. The reac tor was 
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shu t down in s u c c e s s i v e s t e p s w i t h the d e v i c e output p o w e r going to z e r o 

a t a r e a c t o r p o w e r l eve l of 22 5 KW. 

F i g u r e 4 - 1 3 s h o w s t h e p o s i t i o n s of s h i m r o d s a s a funct ion 

of t i m e . By J a n u a r y 19 the xenon p o i s o n i n g l e v e l w a s about 1.75% 5 k / k 

for an e x c e s s r e a c t i v i t y of 0 . 9 4 % 6 k / k . 

4 . 3 . 3 . S t a r t u p P h a s e 
( R e a c t o r P o w e r 0 - 4 3 0 KW) 

The m o s t s ign i f i can t a s p e c t of t h e s t a r t u p of the t h e r m i o n i c 

d e v i c e wi th n u c l e a r hea t was the e x t r e m e l y sn:iooth s t a r t i n g c h a r a c t e r i s t i c s . 

F i g u r e 4 - 1 1 g i v e s the r e a c t o r p o w e r , output emf, and c e s i u m 

r e s e r v o i r t e m p e r a t u r e v e r s u s t i m e . T h e r e w a s a low l e v e l p e a k in ou tput 

%'oltage a t abou t 1805 w h i l e the r e a c t o r p o w e r w a s 2 2 5 KW and t h e ces iunn 

r e s e r v o i r t e m p e r a t u r e w a s 228 C. T h i s p e a k w a s p r o b a b l y the r e s u l t of 

r e s i d u a l c e s i u m in the d e v i c e . A s the c e s i a m r e s e r v o i r t e m p e r a t u r e w a s 

r a i s e d , the d e v i c e output fel l and t hen r o s e s l i g h t l y . At 1821 the r e a c t o r 

w a s a g a i n pa t on a p o s i t i v e p e r i o d . At 1828, w i t h the r e a c t o r on p e r i o d 

a t 2 8 0 KW and a c e s i u m t e m p e r a t u r e of 255 C, t h e d e v i c e output r o s e 

s m o o t h l y in abou t 1. 5 m i n u t e s t o abou t 34 w a t t s . A s the r e a c t o r p o w e r 

r o s e to 285 KW, the e l e c t r i c a l output r e m a i n e d a t a p p r o x i m a t e l y 34 w a t t s 

w i t h i r r e g u l a r i t i e s . -A.t 1912 the r e a c t o r p o w e r w a s r a i s e d t o 355 KW. 

The c e s i u m t e m p e r a t u r e i n c r e a s e d to 295 C and the e l e c t r i c a l output r o s e 

to abou t 69 v i a t t s . The r e a c t o r p o w e r w a s t h e n i n c r e a s e d to 430 KW. The 

c e s i a m t e m p e r a t u r e r o s e to 335 C and the d e v i c e e l e c t r i c a l p o w e r i n c r e a s e d 

to 104 w a t t s . F r o m t h e c u r v e ( F i g u r e 4 - 1 1 ) i t m a y b e o b s e r v e d t h a t t h e 

p o w e r w a s a c t u a l l y a l i t t l e h i g h e r b e f o r e the c e s i u m temp>era ture r e a c h e d 

a m a x i m u m . The fact tha t the c e s i u m t e m p e r a t u r e w a s not o p t i m i z e d i s 

d i s c u s s e d m Sect ion 4 . 3 . 6. 

4 . 3 . 4 . I n t e r m e d i a t e P h a s e 

By 2015 on J a n u a r y 15 i t w a s a p p a r e n t tha t the d e v i c e w a s 

runn ing w e l l and r e spond ing p r o p e r l y to c h a n g e s . The s t a r t u p p h a s e w a s 

t .ne re fore o v e r , and the dev ice w a s r e a d y for o p t i m i z i n g . The f i r s t e x p e r i 

m e n t s t o o p t i m i z e the dev ice output w e r e p e r f o r m e d a t a r e a c t o r p o w e r l e v e l 

of 4 3 0 KW. Th i s i n t e r m e d i a t e p h a s e l a s t e d f r o m 2 0 1 5 on J a n u a r y 15 un t i l 

0530 on J a n u a r y 16, when the r e a c t o r p o w e r w a s 520 KW. The e x p e r i 

m e n t s p e r f o r m e d in the i n t e r m e d i a t e p h a s e i n v o l v e d the chang ing of c e s i u m 

t e m p e r a t u r e . load r e s i s t a n c e , and r e a c t o r p o w e r . Sect ion 4 . 3 . 6 d e s c r i b e s 
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each exper iment along with s imi la r experiments daring other phases . 

F igures 4-14 through 4-16 i l lus t ra te these changes. The reac tor power 

was then ra ised to 470 KW and the cesium heater was turned off. Under 

these conditions the device was producing about 127 watts with a cesium 

t empera tu re of 334 C. The reac tor power was then increased to 500 KW 

and a ces ium tempera ture change was made. The intermediate phase 

ended with the device producing an e lec t r ica l output of about 134 watts at 

a ces ium rese rvo i r t empera ture of 343 C. 

4 . 3 . 5 . Steady-State Phase 

The s teady-s ta te phase from 0530 on January 16 to 1630 on 

January 26 covered most of the 300-hour operation. During this period 

the reac to r power was ra i sed to 520 KW (Figure 4-17), the ces ium tem

pe ra tu re was varied, and an experiment was performed (Section 4. 3.6.2) 

by cooling the ces ium re se rvo i r •with helium. The 155 watts obtained for 

a ces ium tempera ture of 294 C was the maximum e lec t r ica l power output 

from the device. This maximum output required no increase in input 

power. The average output power for this phase was 132 wat ts , 

4 . 3. 6. Device P a r a m e t e r s 

The proper representat ion of device performance would 

include a family of curves involving the available va r iab les . After the 

need for additional helium to cool the cesium r e s e r v o i r became apparent , 

it was decided to wait until the end of the 300-hour run to develop these 

cu rves . The lowering of output, which defined the end of the steady-

state phase , made the value of such a study much less important than a 

pos t - i r rad ia t ion examination. It was therefore decided to el iminate 

additional t es t s ra ther than to compromise the examination. 

However, a number of tes ts were perfornned during the 

power run. They were performed over a long period of t ime, W'hich 

makes the separation of var iables more difficult. The resu l t s of these 

tes t s a r e descr ibed in the following paragraphs . 

4. 3. 6. 1. Device Power Output and Input 

The conver ter e lec t r ica l output power is the cur 

rent t imes the output voltage. As discussed in the descr ipt ion of the inpile 

load (Section 4 . 2 . 2 . 2 ) the current values were obtained from voltage m e a s 

urements of the cal ibrated nickel load tabes. The enni t ter - to-col lector voltage 

was measu red di rect ly . 
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The device input, however, could not be measured 

di rec t ly . The power sharing and heat t ransfer exper iments supply some 

inforiTiation about the power input to the device a s a function of reac tor 

power, but the converter assembly was sufficiently different from the 

original mock-ups to prevent an accura te power determinat ion from these 

measurements . Therefore it was necessary to depend on ca lor imet r ic 

measurements , calculations, and electr ical test data to de termine the 

nuclear heat input. These calculations provide a power balance of: 

Input = Output 

= P + P + P - P c e . o Y 

where 
P = power dissipated in the collector cooling water 

by the collector and inpile loads, determined 
ca lor imetr ica l ly = 3. 15 watts/KW reac tor power 

P = power lost out of the ends of the emi t te r and d i s -e sipated through the emit ter connectors to the pool 
water 

= ^°P X 150 watts 
462 C 

The basis for this correct ion is included 
in Appendix B. 

P = electr ical power dissipated in the out-of-pile 
° load = V XI ca o 

P = power added to the collector and cooling c i r -
' cult by -y heating = 0. 53 watts/KW of reac tor 

power. This heating rate is based upon the 
measured weight of the collector and heat 
sink components between the points at which 
tempera ture measurements were made. An 
effective weight of 1065 g rams was used, 
which reflects a correct ion for the gamma heat 
ing distr ibution. The maximum heating ra te 
at the midplane is 0. 5 wa t t s /gm per MW of 
reac tor power. 

The fact that the actual input power is the resul t of 

severa l calculations has led to the use of the t e r m , computed efficiency, for 

the ra t io of e lect r ica l power output over the rmal power input (Figure 4-18). 
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4. 3. 6. 2. Ce = ium Vapor P r e s s u r e Variat ions 

One of the most important p a r a m e t e r s affecting 

device per formance was ces ium vapor p r e s s u r e . This was controlled 

by keeping the r e s e r v o i r at the proper t empera tu re to give the des i red 

vapor p r e s s u r e . F i g u r e 4-19 shows the var ia t ion of vapor p r e s s u r e with 

t e m p e r a t u r e . 

The most important observat ion about ces ium 

during the exper iment was that gamma heating and insulation kept the 

ces ium t e m p e r a t u r e a lmost always too high. There a r e severa l notable 

examples of th i s . It is quite apparent in F igure 4-12 at 2000 on January 18 

and in F igu re 4-11 at 1922 and 2007 on January 15. The f i rs t example 

shows a ve ry marked improvement in output f roni a de l ibera te experimental 

cooling of the r e s e r v o i r . The next examples show decl ines in output as 

the ces ium t empe ra tu r e inc reases following reactor-poiwer i nc reases in 

the s ta r tup phase . 

Data taken from the char t s and log book at different 

tinnes during the s ta r tup and intermediate phases shovsr that the optimum 

ces ium t empe ra tu r e was always l ess than 320 C. At maximum elec t r ica l 

power output, the optimum cesium t empera tu re was ve ry close to 294 C 

as shown m F igu re 4-22. 

During the device-power reduction phase descr ibed 

in Section 4 . 3 . 7, the optimum cesium t empera tu re changed -with t ime . 

Figure 4-32 ref lects this change. At about 1100 on January 27 the optimum 

ces ium t empe ra tu r e was approximately 326 C. At 0330 on January 28 it 

had p rogressed to 337 C. By 0800 on January 28 it had increased to about 

350 C. 

4. 3 . 6 . 3 . Variation of Output With Load Changes 

During the in termedia te and s teady-s ta te phases 

the load was var ied from 1. 25 to 1.45 rrulliohms. F r o m the information 

available (Figures 4-14, 4-15, 4-16, 4-25) the optimum load appears to 

be about 1.41 mi l l iohms . Figure 4-26 r ep resen t s data taken dar ing the 

power-reduct ion phase . A definite power reduction occurred while the 

data was taken. The optimum at that t ime was about 1.45 mi l l iohms. 
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4 . 3 . 6 . 4 . Device Tempera tu res 

F o r all phases of the operation from s tar tup to 

shutdown, Table B-5 in Appendix B l is ts the t empera tu res from the nine 

thermocouples located as shown m Figure 4-4, 

The s teady-s ta te phase produced the following 

t e m p e r a t u r e s (centigrade) at the indicated locations: 

No cooling Maximum helium cooling 

Upper emi t te r 480 474 

Upper seal 490 477 

Collector (maximum) 617 611 

Lower seal 418 408 

Lower emi t te r 354 334 

Ces ium re se rvo i r 329 294 

4 . 3 . 7. 

of operation, 

i r r egu la r i ty 

Device-Power Reduction Phase 

Soon after 1630 on January 26, which represented 250 hours 

the output of the device became slightly i r r egu l a r . This 

progressed with t ime so that by 0213 on the 27th the power 

was down to ' l ess than 120 watts (Figure 4-27). This continued in smal l 

reductions until 0915. The electr ic power then fell from 118 watts to 

100 watts (Figure 4-28) in 4. 5 minutes . The reactor power was then 

reduced to 500 KW bringing the device output down to 84 wat ts . 

The following synnptoms were noted. 

1. The e lec t r ic power reductions took place quickly at 
apparently random in te rva ls . 

2. AH power reductions seemed to be preceded by slight, 
slow power gains. 

3. Most power reductions were followed by a slow par t ia l 
recovery . 

4. Ear ly power reductions shuwed no accompanying t e m 
pe ra tu re changes. 

5. During la te r power reductions the collector t empera tu re 
tended to r i se slightly and the ennitter end t e m p e r a t u r e s 
tended to fall slightly. 

6. The optimuiTi ces ium vapor p r e s s u r e increased as the 
power output of the tube dec reased . 
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7, The e lect r ic power output continued to respond to 
changes in reac tor power. 

8. Emi t t e r end t empera tu res did not r i s e as the output 
fell, implying that the emit ter t empera tu re did not 
r i s e . 

4 . 3 . 8 . Shutdown Phase 

The shutdown and device-power reduction phases were 

s imi lar since the power reductions continued through the shutdown phase. 

This phase s tar ted at about 0720 on January 28. The f i rs t action was to 

lower the reac tor power to match the device-output response (Figure 4-29). 

After establishing that the device output followed reac tor power, it was 

decided to optimize total output pr ior to the end of the experiinent. 

It is in teres t ing to note that, when the reac tor power was 

increased to 528 KW at 0742 on January 28, the output power was 100 watts , 

just as it was p r i o r to reducing reac tor power from 520 to 500 KW at 

0920 on January 27. The difference was that the ces ium tempera ture was 

327 C on January 27 compared to 350 C on January 28, 

The reac to r power was increased to as high as 553 KW 

bringing the device-power maximum for that day to 109 watts . F igure 

4-30 gives the response as the reac tor was shut down, with all e lec t r ica l 

output ceasing when the r eac to r reached 225 KW at 1307 on January 28. 

4 . 4 . Postoperat ion Analysis 

The operation in the nuclear environment was extremely smooth 

for more than 250 hour s . .Although the average s teady-s ta te power was 

132 watts, the device would have operated as well at an output of over 

150 watts with ces ium r e s e r v o i r cooling. 

A complete analysis of the power reduction is impossible v/ithout 

having the resu l t s of a hot -ce l l examination of the convertf»r. Such an 

examination is planned. 
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Figure 4 - 2 . Sect ional View of the Type A-1197A Converter 

Exhaviit Tube 
with Pinch-of( 
cover 

Collector CoohriR T-'ins 

Lower Emitter Connector 
Cesium Heater Cover and Insulation 

'-Cesium Heater 
Emitter-Collector Iniulator 

• Collector 

Collector Cooling Sleeve 



Figure 4 - 3 . Converter Section Assembly 
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_î̂ -
': I 

rys't'ww^ 

J__„ 

• ' ' ' H ^ \ 

^'^m? 

® 

5ECTIOV4 Z -Z 

i 9 i 

THERM lOMtC CCUNfERTER ASSEMBLY 



Figure 4-4, Thermionic Conver ter 
Experiment A^^embly 
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Figure 4 - 5 . Component P a r t s of Inpile Experiment 
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Figure 4 -6 . Inpile Load With Fiberglas Insulation 
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Figure 4 - 8 . Conver te - Inpile Assembly 
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Figure 4 - 9 . Cooling-Water Circuit 
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Figure 4-10. Helium Flow Circui ts 
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Figure 4*11. Startup Phase 
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Figure 4-12. Output Power and Input Power Vs Time 
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Figure 4-13 . Reactor Power and Position of Shim Rods Versus Time 
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Figure 4 - 1 4 . Intermediate Phase 
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Figure 4 -15 . Intermediate Phase 
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Figure 4-16. Intermediate and Steady-State Pha»o« 
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Figure 4-17. Steady-State Phase 
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Figure 4 -18 . Compated Efficiency Vs Input Power 

11 

10 

9 

b 

7 

6 

5 

4 

3 

2 

0 .J 

T 
F 

I 

I 1 
Helium Cooled 

1 ^ 
C e s i u m H e a t e r Off — 

n 
^^ 

Ct^sium H e a t e r O i -^ ^ ^ ^ 

-J 
/ 

/ 

yZ\ ^ 
' \ 

O Load R e s i s t a n c e 1 34 mt l 
D Load Res i s t ance 1 41 mO 
A Load Res i s t ance 1 45 mi l 

• " ^ 

\ 

L"̂ ^ •s-

-^ 

•^it. 

=5= 

— • _ . 

— 

0 700 800 900 1000 1100 IZOO 

Inpj t P o w e r , wat t s 

1300 1400 1500 



Figure 4-19. Cesium Vapor P r e s s u r e Vs Tempera ture 
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Figure 4-20 . Cesium Heating Experiment , Steady-State Phase 
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Figure 4-22. Output Voltage Vs Cesium Reservo i r Tempera ture 
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Figure 4 - 2 3 . Output Voltage Vs Cesium Reservoir Temperature 
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Figure 4-24 . Output Power Vs Load Resistance 
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F i g u r e 4 -25 . Output Power Versus Load Resis tance 
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F i g u r e 4 - 2 6 . Output P o w e r Vs Load R e s i s t a n c e 
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Figure 4-27 Power Reduction Phase 
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Figure 4-29. Device-Power Reduction Phase 
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Figure 4-30. Shutdown Phase 
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Figure 4-30. Shutdown Phase 
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Figure 4 - 3 1 . Shutdown Phase 
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Figure 4-32. Output Voltage Versu= Cesium Reservoi r T emper a tu r e 
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APPENDIX A 

Heat Transfer Experiment 

1 Experiment Components and A^ssembly 

The componc'it pa r t s that make up the heat t ransfer assernbly are 

shown in the photographs and drawings of F igures A-1 to A-13 . The 

device was assembled by car ry ing out the followfing s teps : 

1. Drill holes in the base plate for Stupakoff dual-lead 

insu la tors . Holes a r e dri l led as shown m Drawing No. 28924 C-2, 

F igure A - 5 . 

2. Drill and tap six No. 0-80 holes in the base-p la te 

ring. Tack-weld the ring to the base plate. 

3 Lead-so lder Stupakoff insulators to the base plate . 

Remove excess solder , par t icular ly near the edge of the base plate . 

Clean with acetone and alcohol. 

4 File slots in the copper diaphragm corresponding to 

the Tiole pat tern of the base-pla te ring 

5 Attach the emi t te r to the base plate by clamping the 

topper d'.aphragm to the base-pla te ring with the split clamp and 

No 0-80 sirewrs. 

6 Measure the res i s tance and length of the thermocouple 

leads . Clean the emi t te r surface. 

7 Run the thermocouple leads through the thermocouple 

leadout holes in the split s leeve. Join the halves of the split s leeve 

w-.th screws and clamp in an inverted position Attach dual- lead ceramic 

insula tors to the thermocouple w i r e s . Run the wi res through the insu

la tor t e rmina l s according to the specified pa t te rn . Measure r e s i s t ance . 

A- 1 



8. Apply Sauriezen cement where needed to prevent 

short ing of the thermocouple leads . 

9. Lead-so lder thermocouple leads through the 

t e r m i n a l s . Check res i s t ance . 

10. Clean tne split s leeve and slide into the outer can. 

Tack-weld the edge of the base plate to the bottom edge of the outer can. 

11. Weld the upper Kovar support ring to the outer can. 

Complete the edge weld of the base plate to the outer can. Helium 

leak- tes t the assembly . 

12. Attach a t empora ry thermocouple protect ive plate to 

the bottom pinch-off tube to prevent damage to the thermocouple leads . 

13. Fuel the device and edge-weld the top plate to the 

outer can. 

14. Connect the device to the vacuum sys tem and bake at 

an emi t t e r t empera ture of 300 C. Limit the base-p la te t empera ture 

to 150 C. When cooled and pumped down, pinch-off and remove the 

device from the vacuum sys tem. 

15. Install the assembled exper iment within the split 

coolant jacket and attach the top and bottom heat sinks to the jacket . 

Wrap severa l layers of teflon tape in bands around the coolant jacket 

to insulate the assembly from the external can. 

16. Attach the coolant-tube as sembl ies containing previ 

ously cal ibrated metal -sheathed C r - A l thermocouples to the tubes from 

the coolant jacket. These are the inlet and outlet thermocouples . Leak-

test each successive operation using a s t a t i c - p r e s s u r e test at 50 psi . 

17. Attach the thermocouple support by set sc rews to the 

bottom heat sink P a s s the thermocouple e.xtension wire through the 

bottom external tube and plate and splice to the leads from the Stupakoff 

t e r m i n a l s . Clamp the extension wire to the supj>ort to prevent s t r e s s ing 

the spliced joint. 

18. Fit the external can and the top external plate to the 

assembly . P a n i a i i y fill the bottom exlc ina l tube by adding epoxy 

around the thermocouple extension wi res and coolant tubes. Allow the 

I 
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epox \ to d r y and .ipply a seco. id l a \ t r of cpo.x\ 

19. Weld the e x t e r n a l t a n to the top and b o t t o m e x t e r n a l 

p l a t e s . L e a k - t e s t the w e l d s and epo.5cy-.-.eal u s . n g ^ . -opper tube i n s t a l l e d 

t h r o u g h ' h e epoxy P i n c h off th i s t e s t tube 

20 P o s i t i o n the c o m p l e t e d a s s e m b l y w i t h m an a l u m i n u m 

r e f l e c t o r can so tha t the c e n t e r of the fuel m the dev ice c o r r e s p o n d s to 

the c e n t e r l m e of the c o r e Connect coo l an t t u b t s to the w a t e r supp ly 

and t h e r m o c o u p l e l e a d s to the i n s t r u m e n t a t i o n 

The saiTie a s s e m b l y p r o c e d u r e wa= lo l lowed for both m p i l e h e a t 

t r a n s f e r e x p e r i m e n t s wi th the fol lowing e x c e p t i o n s : 

1 In the f i r s t m p i l e hea t t r a n s f e r a s s e m b l y , t h e top 

e x t e r n a l p l a t e p rovnded a o n e - q u a r t e r inch c l e a r a n c e s p a c e above the 

top of the e x t e r n a l can ( D r a w i n g No 3 6 H 5 C - 0 , F i g u r e A-10) In the 

s e c o n d m p i l e h e a t t r a n s f e r a s s e m b l y , a l onge r pmch-o f f tube w a s left 

on the de \Tce to p e r m i t m a k i n g a s econd p inch-of t a l t e r i r r a d i a t i o n . 

The p u r p o s e of the l o n g e r tube w a s to provTde a r e g i o n for the c o l l e c t i o n 

of fuel c h a m b e r g a s e s for l a t e r g a s a n a l y s i s if w a r r a n t e d by the e x p e r i 

m e n t a l r e s u l t s F i g u r e A - 4 shows the r e v i s e d top e x t e r n a l p l a t e and 

the a l u m i n u m e x t e n s i o n tube tha t w a s added to a c c o m m o d a t e the l o n g e r 

p inch-of f t u b e . 

2 It w a s n e c e s s a r y ' o modifv the a l u m i n u m coo l an t 

j a c k e t l o r the se i ond m p i l e h e a t t r^tnsfer a s s e m b l y be<..iu:.e a s a t i s -

f a c t o r v I t -ak- t igh t j o . n t i_ould not bt- m a d e be tween the j a t k e t and the 

t o o l a n t t u b e s The d r i l l e d coolant c h a n n e l s shown m F i g u r e A - 9 w e r e 

m i l l e d out and r c p l a t e d by t h i r . - v a l l e d , aL. rn .num tubing s o l d e r e d nto 

the r e s u l t i n g p a s s a g e s The four a l u m i n u m rubes f r o m the j a c k e t 

e x t e n d e d t h r o u g h the b o t t o m e x t e r n a l tube and t e r m i n a t e d .n four 3 / 1 6 -

inch fi t t ingd i n s t a l l e d m two s t a i n l e s s - s t e e l m i x i n g c h a m b e r s a s showfn 

^n F i g u r e A - 4 The m Xing c h a m b e r s s e r v e d a s a m e a n s for c o n n e c t i n g 

the p a r a l l e l flow p a t h s t h rough the j a c k e t to a s ing le in le t o r ou t l e t 

1 /4 - inch tube T h e in l e t and ou t l e t t h e r m o c o u p l e s w e r e i n s t a l l e d in 

the r e q u i r e d 1 / 4 - i n c h f i t t i n g s . 
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2. Inpile Experiinent Svnopsis 

The mpile heat t ransfer experimental prograr-n was divided into 

two separa te p a r t s . The first s e r i e s of three power runs was ca r r i ed 

out p r io r to upgrading the LPR to <x one-megawatt capability. Conse

quently for each run the experiment t ime available was l imited to one 

hour at a r t a i i o r power level above 200 KW. Tables A - 1 , A-2, and 

A-3 summar ize the resul ts of the first heat t ransfer exper iments . 

The second se r i e s of heat t ransfer experiments was ca r r i ed out 

after the LPR upgrading Consequently the length of time available 

at power was l imited only bv ths objective of the par t icu lar experiment . 

Tables A-4 and A-5 summarize the first two power runs in this s e r i e s . 

The remaining four power runs, in wh.ch the dynamic charac te r i s t i c s 

of the system were investigated, a re summarized in Table A-6. 

3. Thermocouole Pa t te rn 
> 

The thermocouple pat terns used m the heat t ransfer experiments 

a re shown in Figure A-14. 

4. Fuel and Device Outgassmg 

For the first se r ies of mpile heat t ransfer exper iments , the fuel 

was outgassed for nine days at a range of t empera tu res from 500 to 

1100 C. The t ime at the maximum tempera ture of 1100 C was approxi

mately 8 hours at a p res su re of 2 y \Q~* mm Hg. The device was then 

fueled, bealed and c>">nnected to the \ a i u u m sys tem. The device was 

outgass td at an outer can tempera ture of 312 C for about 3-1/2 hours 

Ehiring th.s pet iod the lower base pl<ite t empera ture was maint,>ined at 

approximately 100 C with a r ^.oolmg. The de\'ice was pinched off from 

the vacuum system at a p re s su re of 1 5 -̂  10"^ mm Hg. 

The fuel for the second ser ies of heat t ransfer experiments wras 

outgassed according to the s»,hedule listed ^n Table A-8 . The device 

was then fueled, sealed and outgassed. On two occasions difficulties 

were experienced m pinching off the device from the vacuum sys tem 

due to an improperly annealed exhaust tube. In addition the device was 

deliberately opened to a tmosphei ic p r e s su re when an inspection of the 

base plate showed a cut m a wire solder joint. After each of these 

events it was necesbary to re-outgas the device. The final outgassing 

was ca r r i ed out at an outer jai ket tempera ture exceeding 400 C for 

A - 4 

file:///aiuum
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I 
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[ 

approxin^ately 2 hour s . The de->-ice was pinched off from the vacuum 

system at a p r e s s u r e of 1 X 10"' mm Hg. 

A - 5 
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Table A-Z. Synopsis, Experiment 73-20 

Pate: SeiPtember 19. 1962 

Deicripticn of Aeaembly. Same aa that for Experiment 7J"19 Thermocouple pattern Z ihowa the thermocouple location* (FiKure A-14) 

Parpoaea of t>ie Experiment; 

I To inveitlgete the Qffect on emitter temperature* o{ variation* in rod position 
Z To determine whether the re*uUi were r*producible after a thermal cycle and after a ihutdovn of one week 

> 
- J 1430 

1511 
IS)) 

Rlltctor 
}>owtf, KW 

110 707 
924 
610 

Kmlttar tamparawtea. C 

57S 
B)6 
S9J 

727 
9S) 
620 

lOS 
)ftO 
^16 

T 

710 
•J 20 
f>16 

8 

674 
873 
576 

Inlat H|0, 
MV 

1.0416 

Outlat H,0, 
MV 

1 2489 

A T 
C 

5.05 

Flow 
cc/anr 

37.02 

Davlca 
powar, 
watt a 

783 

Structura 
V heating, 
_y'att»_ 

80 

Kmittar 

watta 

700 

Pperat ln | Stinramarj^ 

1 n o Critical, WKW rod poaition, ihlm rod* at 19 7 In . regulator rod at 0 8 in 
IMO Power level at 20 KW reduUtor rod at 8 fl in 
not Incr«a*ed power 
U13 Power level at 80 KW. raguUtor rod at t 0« in 
J440 Increased power 
1445 Power level at 200 KW, reguUtor rod at 9 53 in 
HI9 Decreaied power 
15Z5 Power Iev»il at SO KW regtiUlor rod at 9 0 m 
552 Decreaaed power 

161) Shutdown 



Table A-3 . Synopsis, Exper iment 73-21 

JjHSjU !l»(lamb«r !0 , H t J 

Daacriptlcn^ of Aaaambly Kama aa that (or Eiqjarlment 73-19. A alngla channel recorder with a auitabi*. awltchlng arrangement waa added to the Inatrumentation 
" to monitor temperature* with time Thermocouple Pattern 2 ahowa the thermocouple locatlona (ridure A-14). 

Purpoat OC the EKpariment: To Inveatlgate the change in heat tranafer characterletica evident In Experiment 73-20. 

Eigxrimeittal Reaulta: 

Time 

1048 
1112 
1155 
1225 
1255 
1321 
l ) J t 
Mil 
1417 
1430 
144S 

Reactor 
y o y i i r , KW 

20 
80 

130 
150 
200 
260 
300 
400 
200 
1 ) 0 

80 

Device temperaturw.a. C 

1 

109 
683 
815 
848 
920 

1002 

290 ) 0 7 310 
646 670 699 
769 7'?0 8 ) 7 
797 821 872 
851 886 949 
934 958 10)6 

291 
342 
355 
379 
410 

115* 1069 1098 1196 467 
876 812 8 ) 4 896 360 
729 683 704 746 )06 
587 556 571 596 251 

.. c 
7 

317 
693 
818 
850 
918 
997 

-• 1145 
874 
736 
S96 

8 

290 
650 
770 
801 
865 
940 

--1076 
821 
686 
554 

9 

27 
46 
58 
63 
74 
87 
* • 

114 
79 
64 
53 

10 

29 
47 
57 
60 
68 
79 

.-97 
74 
64 
55 

Inlet 11,0, 
MV 

.. 
0.9904 
1.0114 
1.0134 
1.0376 
1 .09 )5 
1 . I8R7 
1. 1509 
1.2557 
I 2509 
1 .2552 

M V 

„ 

1.0084 
1.0920 
1.1566 
1.2002 
1.3159 
1.5175 
1.4386 
1 .4935 
1 .3988 
1.3464 

C 

.. 
1 97 
) . 4 9 
3 . 9 7 
5 .43 
7 . 0 2 
8 02 

10 .71 
5 . 8 0 
) . 6 1 
2 , 2 ) 

c c ' e e c 

.. 
39 38 
40 50 
40 50 
3 9 . 2 ) 
39 23 
3 9 . 2 3 
3 9 . 0 7 
3 9 . 2 3 
3 9 . 2 ) 
J9 07 

Device 
p o v e r . 
watt a 

„ 
324 
592 
673 
891 

1153 
1317 
175) 
9S2 
592 
364 

St ructure 
V heat ing, 

oiCta 

.. 
J2 
52 
60 
80 
94 

120 
160 

80 
52 
32 

K m l t ' T 
ptv e r . 
«a t ta 

.. 
.'92 
' 4 0 
H 3 
t i l 

13 59 
1197 
1'93 
f 72 
«40 
J32 

C^ratAnii Sumniaryi 

1000 Critical 
10 a Power liivel at 20 KW. abim roda at 19. 7 in,» regulator rod at 9̂  ^8 In, 
10'>5 Increaaed power 
lH)i Power levpS «E 80 KW, regulator rod at 10. 2t* In. 
U U Increased power 
1U6 Power )evet at 130 KW, regulator rod at 10. 4Z in. 
12i>5 Increaeed power 
1207 Power level at ISO KW, regulator rod at 10.55 Inc. 
I2.t9 Inereaae-d power 
124 1 Power level at 200 KW, regulator rod at IO.B5 1n. 
13C6 Incretaed power 
1310 Power level at260 KW, reguUtor rod at U ,Z4 In. 
1331 Increated power 
)33J Power level at 300 KW, regulator rod at 11.60 in 
1343 Increaaed power 
1348 Power level at 400 KW. regulator rod at IZ. 17 In. 
1357 Decreased power 
, 4 0 5 Power l eve l at 200 KW. regula tor rod at 1 I . 79 i n . 
1421 Decreased power 
1(25 Power level at 130 KW 
IIJ6 Decreased power 
VHO Power level at 10 KW 
1451 Decreaeend power 
t i'O? Shutdtown 
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Table A"4. Synopsis, Experiment 73-23 

P a t e ; December 14-15. 196Z 

Deacription o Asxembly The heat t ransfer device u»ed tor this experHnient WJKH Ihe same aa that used in the first serkc* of inptle t e s t s with the follow ing changes* 

1 T i e fuel wnn outgassed a* a higher t empi ra tupe 
1 Tnero waa an improved vacuum in the device at pinch-o£l 
i The center of the fuel wan located onn linrh betow the cdnter l ine of the core 
i A long i r pinch'off tube wa« lifft on th« dr-vice requir ing a change In the top external plate 
I The aiuminum coolant ;|acket was modified by replscing the dri l led coolant channels with aluminum tubing ThU modification requi red a change in thfi 

n^ethod of connecting ths pa r i l l a l flow ptth* through the Jac)iet to the single Iniet and outlet l ines Sea Figure A-4 

Ten F t*Pt , 13% III thermocouple* were installed on tho emi t te r iti nccord^nce with Th*rmo«oupJe Pa t t e rn 3 shown In Flgurn A-14 Two ropper-constantjun thermocouple 
w e r e placed en thu b a t e plato Two chromel -a lumel thermocouples wer* installed in the l / 4 - m c h fitting* in the Inlet and outlet water lines Tempera tu r e s were moni 
tored throughmt Ihe exper iment using a multi-point r e c o r d e r More p r e c i s e measurement* were made with a Type K-3 potent iometer (Leeds & Northrop CompsnyJ at 
equilibrium o n d i iona at each power level The coolant flow ratn wa* determined from timed volume meaBurement* 

Experimental Reaultw! 

> 
1 

sO 
T i m e 

Dec 
1628 
1715 
1812 
192 3 
2044 
2148 
2)04 
Dec 
0015 
0043 
0112 
0137 
0205 
0220 
0305 
0154 
0447 
0545 
0 6 ) 1 

R e a l t o r 
pM>er KV 

14, 
10 
20 
80 

120 
200 
262 
264 

15, 
270 
290 
290 
340 
340 
) 9 0 
100 
U O 

80 

» 10 

1 

2 ) 8 
376 
766 
910 

1101 
i i l S 
1211 

1191 
1205 
1169 
1196 
1161 
1209 
903 
761 
608 
274 
173 

2 

242 
384 
785 
932 

1127 
1245 
1241 

1220 
1233 
1195 
1220 
l i es 
1231 
911 
763 
604 
270 
171 

) 
251 
399 
810 
9<>8 

I I M 
1286 
1278 

U-iB 
1274 
U J 5 
1261 
1224 
1270 
938 
785 
620 
275 
173 

KmSlter 

4 

2 W 
396 
793 
945 

U 4 5 
1263 
1253 

1234 
1247 
121C 
1234 
1197 
1244 
911 
759 
600 
269 
167 

tempera tu rw . 

_L 
2SJ 
iH'i 
H 18 
980 

1191" 
D M 
1*11 

noo 
l i l 6 
1279 
1310 
1270 
H 1) 
967 
807 
636 
278 
175 

6 

2.'H 
364 
760 
911 

1121 
1242 
1236 

1219 
123) 
1200 
1226 
1191 
1236 
912 
761 
600 
261 
164 

C 

7 

2 ) 9 
376 
765 
91"> 

111) 
U 4 8 
1246 

1225 
1216 
1202 
1225 
1191 
1232 
924 
774 
614 
269 
169 

8 

i'll 
400 
819 
915 

1)98 
1127 
1317 

1299 
1316 
1277 
1508 
1268 
1313 
966 
805 
636 
278 
17S 

-12-
250 
396 
813 
998 

1224 
1358 
1352 

1335 
1 )61 
1315 
1346 
1308 
1357 
994 
826 
651 
284 
178 

Bawe 
plate 

temp, 
C 

29 
3' 
6 
7(, 
98 

U ) 
113 

110 
115 
116 
125 
122 
131 

84 
64 
47 
24 
17 

Inlet H , 0 , 
M V 

0 •>269 
0 5216 
0 .5222 
0 4882 
0 5718 
0 6100 
0 6465 

0 644 
0 645 
0 710 
0 720 
0 715 
0 720 
0 6 ) 6 
0 . 6 5 7 
0 619 
0 542 
0 514 

Outlet H , 0 . 
MV 

0 5410 
0 5̂  16 
0 5861 
0 6190 
0 7989 
0 9 0 7 ! 
0 . 9 ) 7 4 

0 9 ) 4 
0 971 

1 no 
1 171 
1 169 
1 2 )4 
0 916 
0 . 8 2 0 
0 .708 
0 . 5 8 8 
0.9S5 

A T , 
C 

0 
0 

11 
11 
12 

34 
98 
56 
19 
54 
25 
09 

07 
95 
I S 
0 
1 

^ 83 
98 
17 
12 
00 

Flow 
c c / 

32 
33 
46 
)8 
)7 
43 
42 

46 
46 
35 
35 
35 
) 5 
36 
36 
36 
35 
35 

aec 

26 
SO 
52 
17 
32 
10 
74 

72 
72 
46 
72 
96 
96 
2 ) 
23 
23 
47 
47 

Device 
power . 
w a t t . ^ 

46 
138 
303 
510 
866 

1)13 
1268 

H 8 i 
1554 
1446 
1645 
1670 
l8Bf 
1036 

602 
329 
167 
148 

Structure 
\ hent ing. 

« a > t . 

5 
10 
38 
58 
96 

126 
127 

1)0 
139 
139 
163 
163 
187 
96 
62 
38 
10 

5 

E m i t t e r 
po^ver, 
w a t t . 

41 
178 
il 5 
4 *2 
• 7 0 

1 187 
1141 

I / * . ) 
1415 
H 0 7 
1482 
1507 
H 9 9 
940 
540 
291 
167 
143 



Table A-4. (Cont'd) 

IMO Power Uvel nt 1 KW Shim Rod* I snd & at 18 4» in , Sbtm Rod 3 at IS 49 In , ragulator rod i t M 5 cm 
1551 Inn rrtii«fd power 
1 »5« Power level at 10 KW, regulator rod at H 8 cm 
1»>4Z Intreaiimd power 
li.45 Power level at 20 KW regulator rod at H 84 in 
1735 Increased power 
1750 Pcwer Uvel at 80 KW, all shim* at 18 45 In . regulator rod at U Z cm 
11*52 Tncrtased power 
1910 Power te^el •= 123 KW regulator rod at 34 % cm 
(£002 Inc reaard power 
20i9 Power level i t 200 KW 
2112 Increased power 
2130 Puwer level « IhlY.^, reg ' i lalor r jd jit 35 5 cm 
231J Pijwer level " ZA4 KW, regulator rod at 37 2 cm 

> 2317 liicreiiBed power to 2A8 KW 
I 0029 Increased {>ower to 290 KW 

>-" OJOO Power level at 290 KW, regulator r̂od at 40 1 cm 
O 0122 Increased power 

0132 Power le^rel at 340 KW 
0158 Power level at 340 KW. regulator rod at 42 cm 
0214 Increased power 
0219 Power level at 390 KW 
0£40 Power level at 390 KW. regulator rod at 44 rm 
OMO Decreased power 
0^5^ Power level at 200 KW 
0257 Power level at ZOO KW, regulator rod at 45 cm 
0 3 J 8 Decreaaed power 
0)Z9 Power level at 130 KW. reguUtor rod at 47 cm 
0410 Decreaaed power 
0422 Power level at 80 KW. regulator rod «^ 57 cm 
0430 Shims ra ised to 18. 75 in , regulator rod at 42 cm 
045R Decreaaed power 
0520 Power level at 20 KW, regulator rod at 44 5 cm 
0557 Decreaaed power to 10 KW, regulator rod at 47 cm 

iiiSi 
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Table A - 5 . S'ynopBJs, Experiment 73-24 

flWlJ Dicemher 17 1962 

Deacriptitin of Aaaenibly. 

tUmaik 

Time 

1132 
123) 
1)04 
l ) ) 9 
1502 
1551 
1618 
1645 
1719 

fflffil*' Ri'Hl! 

Meartor 
fvitr KW 

1 
10 
20 
80 

ISO 
200 
290 
)40 
340 

: S j 

I 

.. 
>-<i 
2-6 
63( 
79( 
91' 

101 ( 
Il/O 
1114 

Smme a. 
In place 

2 

-. 
170 
271 
6)2 
794 
91J 

1058 
1122 
1114 

that 
ol thi 

) 
.-

17) 
276 
(46 
811 
931 

1075 
1117 
1117 

it Fxperinr lent 7 3 
two device then 

Davlc. 

4 

.. 
167 
266 
626 
792 
911 

1099 
1124 
1116 

2) Outlet water temperature 
nocoupla. that 

. (emperaturea 

5 

- M 

173 
278 
658 
8)0 
991 

1100 
U65 
1195 

_. 
163 
261 
620 
781 
896 

10»5 
I O'H 
1084 

. c 

7 

_ 
Ut 
276 
6)1 
79) 
904 

1038 
1093 
1084 

were ino 

8 

_ 
174 
278 
661 
825 
945 

108} 
1139 
1118 

.perable 

10 

*-
175 
282 
675 
850 
980 

1115 
1204 
1196 

(91 and 
during 

11 

100 
108 
108 

reactor power 
Expert Tient 7) 

Iniel 1»,0, 
MV 

. . 
-. 
-. 
--0 5861 

0 6)05 
0 66)1 
0 709 
0 757 

latel (121 were 
-2 ) 

Ovitlet H |0 
MV 

., 

.-
--
. 0 1246 

0 8498 
0 98)2 
1 022 
1 042 

1 
5 
7 
7 
6 

reco 

ai 
c 
--
--
-. 
. . 18 
35 
78 
( 3 
9) 

rded on the 

How 
c f / . e r 

.. 

.-

. . 

.-43 48 
42 75 
42 39 
52 10 
54 95 

muHi-poii 

Device 
power 
watt* 

„ 

.-
, . 
.-h i s 

957 
1380 
16ft 5 
1594 

It recorder 

Structure 
Y heating 

watt* 

.. 
-. 
. . 
. . 

fz 
9'> 

H9 
Ut% 
Hi 

Emitter 
power 
watta 

. . 

. . 

.. 

.. 55* 
«*»! 

U4I 
1502 
t4Jl 

PwrtUiMLgiuaaim 
nn 
1154 
1206 
12»t 
124(' 
1255 
IIU 
1)10 
1)49 
1410 
1424 
1459 
1510 
192) 
1517 
1)91 
1608 
1620 
1614 
16J7 
1718 

I'ower level at 1 KW, .him rod. at 18 25, regulator rod )« 7 cm 
l i l i r v a . e d power 
Power lev. l «t 10 KW 
liu rea.ed power 
Power level « 20 KW 
Heifulatvr rod at 38 4 cm 
Inc reft .erl power 
Power l ev . l at 80 KW 
ReuuUtor rod at 38 8 em 
ln( r.Jiliid power 
Power leval at 1)0 KW 
ElwiEulator rtld «t 38 8 em 
Increa.ed power 
Power level i t 200 KW 
Itegulator rod 39 1 cm 
Inerea.ed ptnver 
Power lev*) at 290 KW 
lUgulaler rod at H Z cm 
Imtrtaatd powair 
Hegutetor rod at 19.9 en 
Raduaed power 
Hod* In 



Table A-6 . Synopsis, Exper iments 73-25, 73-26, 73-27, 73-28 

QiitiJ 73-25, December IS, 1962 
73-26, 73-27, December 19. Ifl'iZ 
73-28, Decembftr 31, 1962 

Description of ^Asseniibly: Same as that of Experiment 73-23. Thermocouple Pattern 3 appliea. For Kxperimejite 73-26. 73-27, 73-iJ8 aKelthley high apced recorder 
waa used to monitor a mid-plane thermocouple during the rapid shutdown of these experiment* 

^BilKiffif î f̂  tb* K»q;»iiag.iJlnitLt*i E.Mperiment 73-25 was i continuation ol Experiment* 73-23 and 73-24 to ln*re«tigsie the heat tr.»fi*(er chmtarterUtlci of the »**embty The 
remaining three eKperLmenta were to investigate the dynamic characterlittii:* of the aisembly 

Eaf*g,'!,^n!''ft!"^l,,,,^*B,'!*^! fi." 

Exper iment 

7J-25 
7 ) - 2 5 
73-26 
7 3 - 2 7 
7 ) - 2 8 
7 ) - 2 a 
7 ) - 2 8 
7 ) - 2 8 
73-28 

T i m e 

1140 
1112 
1229 
1648 
1520 
1555 
1605 
1625 
1645 

Reactor 
;K)wer. KW 

) ) 0 
) ) 0 

80 
200 
200 
100 
200 
300 
)50 

1 

.. 
1091 

557 
900 
854 
589 
855 

1048 
1120 

2 

.. 
1091 

550 
896 
851 
580 
849 

1043 
1123 

3 

„ . 

1100 
554 
904 
868 
585 
859 

1054 
11)6 

Device 

4 

-. 
1104 

555 
916 
76! 
587 
870 

1072 
) 1 5 i 

5 

.. 
1127 

564 
926 
876 
594 
8 79 

1079 
1157 

6 

.. 
1056 
528 
867 
820 
555 
8 2 ) 

1008 
1074 

C 

7 

.. 
1094 
535 
870 
888 
561 
826 

1006 
1066 

8 

.. 
1086 

561 
913 
876 
593 
885 

1045 
1113 

10 

.. 
1174 

581 
955 
903 
611 
908 

1115 
1199 

11 

.. 
102 
41 
75 
70 
47 
70 
93 

104 

In le i H , 0 , 
M V 

0. 7750 
0 . 6 6 4 7 
0 .6229 
0 . 6 6 9 0 
0 .683 
0 . 6 0 7 
0 . 4 1 0 
0 624 
0 . 6 9 8 

Outlet ; i , o . 
MV 

1 05t.O 
0 . 9 5 0 ) 
0 .6690 
0 .8830 
0 , 9 0 8 
0 . 7 3 2 
0 . 8 8 0 
0 976 
1 064 

A T , 
C 

6.85 
6 . 9 7 
1. 12 
5 .22 
5.49 
3 .05 
6 .79 
8 .59 
9 90 

F low, 
c c / . e c 

4 5 . 9 
4 8 . 5 
4 6 . 7 
57 5 
4 3 . 2 
3 6 . 0 
) ) . 0 
39 2 
3 9 . 7 

Device 
power . 
w a t t . 

1317 
1417 
220 
827 
985 
415 
968 

1410 
1648 

Structure 
Y hedtlng, 

watte 

158 
158 

38 
96 
90 
48 
96 

144 
168 

E m i t t e r 
pcwer . 
w a t t . 

1159 
1259 

182 
T ) l 
889 
367 
872 

1266 
1480 

Op*ratin| Summary (7) . 25) 

1001 
1020 
1024 
1058 
UO) 
1110 
1113 
1120 
1325 

Critical 
Level ar 6 KW 
Increaaud power 
Level at )00 K W 
Shima at 18.2 in . . 
Increa.ed power 
Level at ) ) 0 KW 
Shima at 18.2 in. . 
Scram 

regulator rod at 49 5 cm 

regulator rod at 45. 5 cm 

Ope rating Summary (73-26) 

1104 Critical 
I I I ) Level at 1 KW 
1119 Shim, at 18.2 In, ragulator rod at 44 8 cm 
1150 Increa.ed power 
1223 Level at 10 KW 
1231 Shima at IB. 2 in., regulator rod at 44. 7 cm 
1246 D e c r e i i t d power by running in ragui«li>r rod 
1248 Decrea.ad power by running in »htm rod. 

Operating Summaiy (73-27) 

1609 Critical 
1612 Level at 200 KW 
1635 Shim, at 18 2 In , regulator rod at 4 ) . 5 cm 
1659 Reactor ahutdown by dropping shima 

1911 
1517 
1549 
1548 
1601 
1*19 
1621 
16)7 
16)8 
1648 

regulator rod at 40 cm 
Operating Summary |7)-281 
14)8 Critical Hhim. at 18.2 in. , 

Level at 208 KW 
Shim, at 18. 2, regulator rod at 36. 5 cm 
Reduced power to 100 KW 
Level at 100 KW, abime at 18 2 in. , regulator rod at 36 5 cm 
Increased power to 200 KW 
Increased power to 100 K W 
L e w i at 300 KW. shims at 
Increased power to 190 KW 
Lairet at )90 KW 
Shutdown by manual . cram 

8.2 i n . , regulator rod at )7 cm 
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Table A-7. Synopsis, Electrical Calibration Experiment 4 

Dmtmi September '.I, 1962 

ttonot Aaaiimblvi The he*t transier device lor thi. experiment is described In Section ) . 2. 2 1 (The .ame device was used inpile in Experiment. 
— 73-19, 73-20, and 7 ) . 2 1 . ) Ten operable Pt-Pt, 13% Rd thermocouplee were In.ialled on the emitter and .upport structure In 

accordance with Thermocouple Pattern 1 ihown in Figure A-14 Inlet and outlet cooling water temperatures were mea.ured with 
thermometer, for three flow path., through the main cooling Jacket inetalled around the device outer can. through the electric 
heater, and through a e e r i e , circuit consisting of a heat sink on the top riange o( the outer can and a heat alnk attached to the copper 
pinch-ofl tube or the lower base plate. Electric power input to the heater waa measured 

J> Summary on Eicpe ri mental Re.ulte; 
I 

t^ Emitter 
input. 

• tempe: 

Time watt. 1 2 1 4 9 6 8 9 IB '•? mm Hg 

1947 107 745 744 799 726 837 842 77) 785 )71 311 3 2 n 10"* 
2040 679 997 994 1056 977 101.8 1103 98-1 996 447 465 7X10"* 
2125 1173 1258 12)6 13)7 1013 1)72 1)94 1215 1226 546 655 3 5 K 10-« 
2207 1285 1314 1294 1393 1049 1427 1450 1262 1268 620 692 • 4X10"* 
2254 1285 1339 1318 1433 1080 1420 149) 1300 1306 676 -- 1 3 x 10"* 

010) 1561 1165 1099 1179 -- 1171 1180 988 993 -- -- Helium, 7 microns 



Table A - 8 . Heating Schedule for Outgassing Pe l l e t s 

Stack No. 6 

A B 

Tempera tu re after 1 hour 

Observed . C 1600 1570 

Cor rec ted . C. 1930 1820 

Time above this 
t e m p e r a t u r e , hours 2 1.5 

Maximum t empe ra tu r e 

Observed . C 1700 1600 

Cor rec ted , C 1970 1930 

Time at maximum, hours 0. 5 0 . 4 

Minimum pressur«», 
m ic rons 0.0Z5 0.020 

Cooling r a t e , t ime to 
950 C, hours 0 . 5 0 .5 

A-14 



Figure A - 1 . Base Plate Connponents 
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Figure A-2 . Emi t te r Assembly and Base Plate Components 
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Figure A - 3 . Components of Heat Transfer Device 
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Figure A-5 . Lower Base Plate 
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Figure A-6. Base Plate Ring and Split Clamp 
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Figure A-8 . Split Sleeve 
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Figure A-9. Coohng Jacket 
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Figure A-10. Top External Plate and Top Heat Sink 
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Figure A - l i . Bottom External Tube and Bottom Heat Sink 
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Figure A-12, Bottom External Plate and Thermocouple uppor t 
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Figure A-13 . External Can 
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Figure A-14. Heat Transfer Experiment Thermocouple Patterns 
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APPENDIX B 

Thermionic Converter Exper iment 

1. Conver ter Mater ials and Fabrication 

To aid in a post i r radia t ion examination of the conver ter , detai ls of 

ma te r i a l s and fabrication a re included m Figure B - 1 . The following list 

identifies the ma te r i a l s in the figure. 

16 

P 

1-49 
2 0 

21 

24 

25 

26 

28 

29 

Kovar 

Kovar 

Tantalum 

Kovar 

OFHC copper, nickel 

Nickel 

Stainless s teel 

Molybdenum 

NicAiium 

Kovar, nickel plated 

Copper, nickel plated 

plated 

30 

31 

32 

33 

34 

35 

36 

38 

45 

Copper, nickel plated 
Kov?r 

Nickel 

Molybdenum 

Nickel 

Molybdenum 

Nickel 

Ceramic , metal ized and nickel 
plated 

Nickel 

2 . Fuel Prepara t ion 

The fuel consis ted of six UO^-fuel pellets enriched to 20% by weight 

of U*^ . The total weight of the fuel stack was 133 g r a m s . The pellets 

were s intered in hydrogen at 1790 C for 6 hours . 

All fuel was outgassed pr ior to use . This outgassing was performed 

in a vacuum furnace in two units of three pellets each. An additional pe l 

let was outgassed to determine the quantity of gas evolved over four t e m 

pera tu re in tervals and to determine the constituents of the gas col lected. 

Table B-1 gives ihe heating schedule; Table S-2 gives dimensions before 

and af ter outgassing; Table B-3 gives the quantity of gas evolved from a 

single pellet; and Table B-4 gives the analyses of the evolved g a s . 

At the highest t empera ture interval , 1730-2000 C, the volume of gas col

lected was l ess than that collected with no sample in the appara tus . 

B - l 



It is possible that the recorded blank correc t ion was not re l iable ; 

therefore it cannot be stated positively that there was or was not any gas 

evolved from the pellet in this teiTL^^rature in terva l . However, it i s 

fairly cer ta in that any amount evolved would be sma l l e r than the amount 

evolved in the next lower tennperature interval . In the analyses the re 

were smal l announts of ni trogen. It was assumed that the nitrogen r ep 

resents a tmospher ic contamination; therefore the amount of nitrogen and 

the a tmospher ical ly propoT-tional amount of oxygen have been subtracted 

from the observed amounts . The volume percentages reported a r e t h e r e 

fore adjusted to the a i r - f r ee b a s i i . Thf fairly high percentages of carbon-

containing constituents may reflect the possibili ty of contamination from 

the vacuum grease and wax used to seal the furnace compart inent . These 

joints were cooled with a i r blowers and all due precaut ions were taken to 

avoid contamination, but the possibili ty of contamination r ema ins , e s p e 

cially at the highest operating t empera tu re s . 

A shiny substance was observed on the fuel surface after outgassing. 

This substance was cer ta inly molybdenum from the molybdenum boat, 

which supported the pellets during outgassing. Since the pellets were to 

be used in a molybdenum emi t te r s t ruc tu re , no atteinpt was made to clean 

the pel le ts . 

Table B - 1 . Heating Schedule for Outgassing Pel le ts 

Stac 
A 

1700 
2020 

k No. 4 
B 

1850 
2160 

Tempera tu re after 1 hour 
Observed, C 
Correc ted , C 

Time above this 
t empera tu re , hours 6 1.5 

Maximum tempera tu re 
Observed. C 1865 1855 
Cor rec ted . C 2180 2170 

Time at maximum, hours 1 0. 5 

Minimum p r e s s u r e , 
microns 3 0. 8 

Cooling r a t e , t ime to 
950 C, hours 1 0. 5 

B - 2 



Table B-2 . Dimension Changes During Outgassing Treatment 

Stack No. 4 , 
T o p 
Bottom 

Stack No. 4, 
T o p 
Middle 
Bottom 

Single pellet 

Set A 

Set B 

Diameter m mils 

Before After Change 

492 .5 
492.4 

492 .3 
492.2 
492 .3 

492 .0 

491.2 
490.6 

490.7 
492.7 
494. 1 

492.7 

- 1 . 3 
- 1 . 8 

- 1 . 6 
+ 0.5 
+ 1.8 

+ 0.7 

Len 

Before 

708.5 
703.9 

707.0 
708.0 
710.8 

715.0 

gth in m 

After 

708.8 
707.6 

707. 1 
712.2 
714.3 

715.8 

as^'^J 

Change 

+ 0 .3 
+ 3.7 

+ 0. I 
+ 4 .2 
+ 3.5 

+ 0.8 

iU 

(a) 

(b) 
All d iamete rs ± 0 . 2 mi l . 

All lengths ± 0. 5 mil . 

B - 3 



Table B-V Quantity of Gas Evolved From a Single Pellet 

I 

Tempera tu re 
in terval , 

cU) 
25-1300 

1300-1550 

1550-1730 

1730-2000 

Time at 
t empera ture 

2 hr 30 min 

1 hr 45 min 

1 hr 40 mm 

1 h r 20 min 

Volume 
collected, 

ml STP 

7.76 

0.63 

0.53 

0.68 

Blank 
correc t ion , 

ml STP 

0. 13 

0. 13 

0. 33 

0.77 

Correc ted 
volume, 
ml STP 

7.63 

0. 50 

0.20 
- -

Volume 
per g r am 

of UOz . ml*^'' 

0.330 

0.0216 

0.0086 
• . 

^ ' P e l l e t weight = 23. 133 gm. 



Table B-4. Analyses of Evolved Gas 

Tempera tu re 
in terval , 

C 

25-1300 

nOO-1550 

1550-1730 

1730-2000 

Hz 

77.7 

72. 1 

65.0 

61.4 

Volume percentage 

O2 

0. 1 

0 . 8 

7 . 2 

1.2 

CH4 

- -

- -

1. 5 

CO 

7 . 4 

18.0 

18.5 

30.7 

COj 

14.8 

9 . 0 

9 . 3 

5. 1 

3. Device Outgassing 

After the device was fueled, the fuel-channber end-cap assembly was 

welded on and the assembly was helium leak tes ted. The o h a u s t tube 

was connected to the vacuum sys tem, evacuated, and placed in a steel 

container in the bake-out oven. The container was flushed with helium 

during the bake-out at 300 C. Figures B-2 through B-7 i l lustrate this 

sequence. 

After bake-out a faulty pmch-off occur red because of improper 

annealing of the exhaust tube. A tube w^as torch brazed to the exhaust 

tube using B-T solder without flux. The bake-out was repeated and a 

pinch-off was made at a p r e s su re of 4 X 10 mm Hg. 

4. Evaluation of End Losses 

Data received from additional e lec t r i ca l tes ts after inpile operation 

(RCA Type A1197, Device 40) indicated that, at an e lec t r ica l power out

put of 135 watts and a cesium r e s e r v o i r t empera tu re of 325 C, the calo-

r i tne t r ic measurement s were the following: 

1. Heater iuj^ut - 1909 wa t t s . 

2. Cs hea ter input - 70 wa t t s . 

3. E lec t r i ca l output - 135 wat t s . 

4 . Emi t t e r cooling - 217 wa t t s . 

5. Collector cooling - 990 wat t s . 

6. Heater cooling - 640 wat ts 

B - 5 



A heat balance ignoring the ces ium heater input yields 

Input = Output 

1909 + X = 135 w •• 217 w + 990 w + 640 w 

or 

1909 + X = 1982 wat ts . 

But X equals 73 wat ts , a lmost exactly the 70-watt ces ium-hea te r input. 

Since the hea ter is quite well insulated, it is reasonable to assume 

that the heat is lost into the lower -emi t t e r cooling water . The end losses 

would therefore be 217-70 = 147 watts for both ends , or about 74 watts 

for each end. This value is consistent with the design end-loss value. 

Since no measu remen t s of end losses were possible during the inpile 

t e s t s , it is concluded that the end losses were a total of 150 watts at an 

output of 135 watts inpile. This loss should be proport ional to emi t te r 

end t e m p e r a t u r e s . The pool water which was the heat sink was at about 

18 C. 

It is neces sa ry to derive a relat ionship of e id loss ve r sus emi t te r 

t empe ra tu r e . It may be assumed that these losi es a re proport ional to 

the t empera tu re difference between the upper e r i i t t e r end tempera ture 

and the cooling wa te r t empe ra tu r e . However, tfie lower end is heated 

by the cesium hea te r as well as the emi t t e r . The pool water t empera tu re 

was about 18 C. Assuming that the total lost, is proport ional to the upper 

emi t te r end t empera tu re , the relat ionship is 

/ T. - 18 c \ 
Pe = (̂  4̂ 62 C j 150 wa t t s . 

5. Resis tance and Cooling Water Calibrat ions 

Figure B-8 is the calibration curve of the inpile nickel load tubes as 

a function of thermocouple emf. Figure B-9 s u m m a r i z e s the res i s tance 

measu remen t s of all segments of the inpile load. The res i s tance m e a s 

urements of the out-of-pool load a r e summar ized in Figure B-10. The 

cooling-water f low-meter cal ibrat ion measu remen t s a r e summar ized in 

Figure B - 1 1 . 
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where 

6. Conver ter Expertment Data 

The instrumentat ion for taking data has been descr ibed. In genera l , 

data was read on the Type K-3 potentiometer every two hours during the 

en t i re run. Data was also taken continuously on two multipoint r e c o r d e r s . 

This data was always cor rec ted by comparison to the potentiometer before 

presenta t ion . 

To de termine the input power from the ca lo r imet r ic measuremen t s , 

it was neces sa ry to co r rec t for the flow distribution between the loads 

as shown in the following fornnula: 

Tj - T. Tj - T, 
P- " ~"r";^rP" X Fi X 4. 187 + , ^i^*^ X F2 X 4. 187 in 0. 041 ' 0.041 ' 

Tj = outlet water t empera tu re . Load 1, millivolts 

T. = inlet water t empera tu re , millivolts 

in ^ 

F j = flow in Load 1 = t o t a l flow X 0 . 4 5 5 

T j = ou t le t w a t e r t e m p e r a t u r e . Load 2 , m i l l i v o l t s 

F^ = flow in Load 2 = t o t a l flow X 0. 545 

0 . 0 4 1 = m v / C for c h r o m e l - a l u m e l . 

T o d e t e r m i n e the e l e c t r i c a l output p o w e r , it w a s n e c e s s a r y to 

e s t a b l i s h the r e s i s t a n c e of e a c h of the t h r e e l o a d s . The o u t e r load r e s i s t 

a n c e w a s t h a t of the r o o m t e m p e r a t u r e m e a s u r e m e n t . Load I r e s i s t a n c e 

w a s r e a d f r o m the emf vs r e s i s t a n c e c a l i b r a t i o n c u r v e ( F i g u r e E - 8 j . The 

t h e r m o c o u p l e on Load 2 fa i l ed . T h e r e f o r e the emf (E2) w a s d e t e r m i n e d 

w i t h t h e fo l lowing r e l a t i o n s h i p : 

w h e r e 

E^ - E j + (EQI — E02) 

E j = Load 1 emf 

E j = Load 2 emf 

Eyi = Load 1 ou t l e t w a t e r t e m p e r a t u r e , m i l l i v o l t s 

E02 - Load 2 ou t le t w a t e r t e m p e r a t u r e , m i l l i v o l t s 

The v o l t a g e d r o p a c r o s s e a c h load and the r e s i s t a n c e s w e r e t hen u s e d to 

d e t e r m i n e t h e c u r r e n t in e a c h load . The t h r e e c u r r e n t s w e r e ^hen a d d e d 
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and multiplied by the emi t te r - to -co l iec to r voltage to obtain e l ec t r i ca l 

power. 

Table B-5 l is ts the tempera ture measu remen t s made throughout the 

run; Table B-6 l is ts the ca lor imetr ic and voltage m e a s u r e m e n t s . 

[| 
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Table B-5. Converter Temperatures During 300-Hour Run 
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Table B - 5 . (Cont'd) 
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(P,5«OD) 'S-a aiq«X 
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Table B-6. Calorimetric and Voltage Measurements 

a 
VI 

Date 

l / H / 6 ) 

1/16/63 

I / W / 6 J 

Time 

1114 

11)5 

1)40 

1437 

B l ) 

1611 

1650 

1756 

1845 

1941 

2040 

2254 

0204 

0318 

1045 

1656 

1940 

2125 

0216 

0413 

0608 

0830 

1049 

1335 

1710 

2006 

2235 

Inlet H ,0 , 
mv 

0.5400 

.. 
0 S)25 

0.5I7S 

0. 520J 

0. 5140 

0.5276 

0. 5366 

0. SMI 

0.1357 

0.5334 

0.5070 

0. 5029 

0.4941 

0,4960 

0.548 

0.5599 

0.S391 

0.SI350 

0. S096 

0.4975 

0.49)1 

0.4916 

0.S154 

0.S316 

0.5480 

0. 5360 

Outlet H ,0 , 
poaitton 2. 

mv 

0.5429 

.. 
0,5369 

0,5287 

0.5194 

0,58 38 

0.6017 

0. 7106 

0.7514 

0.8065 

0.8516 

0,7686 

0.8)45 

0.7760 

0.8651 

0.850 

0.9197 

0.8495 

0.8180 

0.8749 

0.8532 

0.7902 

0.7911 

0.8574 

0.8752 

0.88)5 

0.8885 

Outlet I | 0 . 
pol i t io i ] 3. 

mv 

0.54)7 

.. 
n.51T2 

0,5281 

0.5176 

0 .5 /6 * 

0. S911 

n, 6800 

0.70B2 

0.7516 

0.8006 

0.7211 

0.7765 

0,7280 

0,7994 

0.831 

0.8504 

0.792S 

0,7655 

0,8132 

0,7876 

0. 7594 

0,7384 

0. 7876 

0.8096 

0,8249 

0,8218 

^B«r r 
V 

0.0021 mv 

-. 
-0 ,0014 mi 

-0 ,0641 mv 

- 0 , 1064 mv 

0, 3240 mv 

2,9429 mv 

24. + mv 

0. 12764 

0, 178 

0.2073 

0.20745 

0.2292 

0 2490 

0.25708 

0.2 58 

0.25736 

0.25294 

0.2S292 

0,25377 

0,2SJ76 

0,2S186 

0,25304 

0.'.589 

0.25966 

0,2Sg2 

0,26193 

V 
Bar I ' 

V 

0. 0000 mv 

--
0. 0062 mv 

0. 0806 mv 

0. 1 )42 mv 

-0 .3750 mv 

-3 .8851 mv 

7,223 r rv 

0, 14625 

0,202 

0,2)699 

C,23717 

C.2617 

C.28478 

0.29278 

0.295 

0.29426 

0.28917 

0.28900 

0.t9038 

0.29080 

0.28835 

0.29035 

0.29616 

0.29634 

0,29486 

0.29975 

V - A ' 
v 

0,0106 mv 

-. 
0, 0044 mv 

0, 0384 mv 

0,0102 mv 

3, 5932 mv 

10,6384 mv 

47 mv 

0,21616 V 

0.296 V 

0, )50B 

0. 15096 

0. (862 

0.42012 

0.4300 

0.414 

0,43229 

0,42566 

0,42 509 

0,42615 

0,42754 

0.42740 

0,42723 

0.440 

0,443 

0,440 

0,4460 

Reactor power, 
KW 

.. 

.. 
1 

.. 
20 

80 

120 

225 

285 

355 

.. 
410 

460 

4)0 

500 

500 

.. 
--
500 

500 

500 

500 

500 

500 

500 

500 

520 

V outer 
mv 

0.0001 

.-
-0 .0022 

0,0011 

0.0000 

0.0(144 

0.0488 

0.1083 

1.414 mv 

2.210 

2.86 

2. 8506 

2.i!986 

2.5014 

2,1658 

2. 192 

2, 1845 

2. 1419 

2. 1425 

2. 1482 

2. 1460 

2.1515 

2. 1554 

2.1950 

2.1938 

2,1807 

2.2259 

0.5 mo 

.. 
0 5490 

0,5142 

0,5 3«4 

0 5816 

0. 6 1 54 

0,7145 

l,04>6 

1 2210 

I , 16 

1 29 

1 4050 

1.400 

1.5105 

1.541 

1.5707 

1.46)3 

1,4477 

1.5110 

1.5004 

1.4229 

1.4525 

1 507 

1 5286 

1 5424 

1.5545 

% 
71 

.. 
74 7 

64 ) 

64 1 

72 1 

7) 9 

ijO H 

.. 
hO, H 

/; 
h t j 

T2 5 

M i 

70 5 

8(1 5 

-
»7 2 

87, 1 

72 1 

72 6 

84. t 

t o . 3 

hi. 1 

72 

72 

72.5 



Table B-6 . (Cont'd) 

Date 

1 / 1 8 / 6 3 

1 / 1 9 / A J 

1 / 2 0 / 6 3 

T i m e 

0048 

0300 

0515 

07 >0 

0950 

1208 

1427 

16)5 

1804 

1910 

2006 

2 2 2 0 

0 0 4 0 

0245 

0445 

0645 

0S45 

1104 

1303 

1501 

1730 

2016 

2 2 0 0 

00 30 

0215 

0415 

0600 

0 7 0 0 

0 8 2 0 

In le t H , 0 . 
m v 

0 . 5 4 1 8 

0 . 5 3 6 5 

O.S346 

0 . S 4 4 6 

0 . 5 ) 3 1 

0. 5203 

0 . 5 3 1 9 

0 . M 5 0 

0 , 5 ) 1 0 

0 . 5 3 4 S 

0 . MOO 

0 . 5 2 5 9 

0 . 5 2 ) 1 

0. 5138 

0 . 5056 

0 , 5 1 3 0 

0 . 5 1 8 2 

0 . 5 0 2 3 

0 . 5 1 1 0 

0 . 5 1 3 7 

0 . 5 Z 6 4 

0, 5280 

0 , 5 3 5 4 

0 . 5 2 0 5 

0 . 5 2 1 0 

0 . 5 2 6 6 

0. 5190 

0. 5325 

0 . S210 

Out le t H , O . 
poa l t ion 2 . 

mv 

0 , 9 0 1 2 

0 . 8 8 3 3 

0 . 8 9 6 0 

0 . 9 1 6 7 

0 . 8 9 8 5 

0 . 8 5 0 0 

0 . 8 8 5 0 

0 , 8 8 2 ) 

0 , 8 9 3 1 

0 , 8 9 2 6 

0 . 9 0 ) 1 

0 . 8 8 9 1 

0 , 8 6 8 3 

0 . 8 6 1 0 

0 . 8 6 2 6 

0 . 8 4 0 2 

0 , 8 5 5 0 

0 . 8 4 5 8 

0 . 8 4 7 2 

0 . 8 6 6 0 

0 , 8 7 8 4 

0 . 9 6 2 9 

0 . 8 6 4 2 

0 . 8 7 4 0 

0 . 8 8 6 6 

0 . 8 4 9 8 

0 . 8 6 6 0 

0. 98?! 1 

0 . 8 7 5 8 

Out le t H , O , 
poa i t ion 3, 

m v 

0 . 8 3 5 1 

0 , 8 1 5 2 

0 , 8 2 8 0 

0 , 8 4 0 4 

0 . 82 32 

0 . 7 8 1 9 

0 . 8 1 8 0 

0 , 8 2 0 3 

0 . 8 2 8 1 

0 , 8 2 2 4 

0 . 8 3 3 8 

0 . 8 2 1 5 0 

0 , 8 0 9 0 

0 , 8 0 0 0 

0 . 7 9 7 5 

0 , 7 8 2 9 

0 , 7 8 6 1 

0 . 7 8 3 0 

0 . 7 8 2 4 

0 , 7 9 7 7 

0 . 8 0 5 6 

0 . 8 8 7 0 

0 . 8 0 1 4 

0 . 8 1 3 2 

0 . 8 2 0 0 

0 . 8 1 4 4 

0 . 8 0 8 2 

0 . 8 9 8 0 

0 . 8 1 ) 4 

Bar r 

0 , 2 6 1 3 8 

0 , 2 6 2 3 6 

0 . 2 6 2 4 0 

0 . 2 6 1 5 0 

0 , 2 6 1 6 

0 . 2 6 1 6 

0 . 2 6 1 2 

0 . 2 6 1 0 1 

0 . 2 6 8 0 4 

0 . 2 7 6 3 7 

0 . 2 8 0 5 S 

0 , 2 6 1 7 0 

0 . 2 6 0 5 7 

0 . 2 6 0 2 3 

0 . 2 5 9 6 4 

0 . 2 5 7 6 9 

0 . 2 5 9 4 1 

0 , 2 6 0 2 2 

0 2 5 9 3 0 

0 . 2 5 9 5 0 

0 , 2 5 9 9 

0 , 2 6 1 8 1 

0 2 5 9 0 0 

0 . 2 5 9 2 0 

0 . 2 5 8 8 

0 . 2 585 

0 . 2 5 7 7 4 

0 . 2 5 0 5 

0 . 2 5 7 4 

V 
B a r 2 ' 

V 

0 , 2 9 9 1 8 

0 . 2 9 9 8 0 

0 . 2 9 9 8 4 

0 . 2 9 8 4 0 

0 . 2 9 8 9 

0 . 2 9 8 8 

0 . 2 9 8 6 

0 . 2 9 8 1 6 

0 . 3 0 6 5 ) 

0, .31572 

0 , 3 2 0 5 4 

0 . 2 9 8 9 0 

0 . 2 9 7 3 5 

0 , 2 9 7 2 4 

0 . 2 9 6 5 8 

0 . 2 9 4 4 0 

0 , 2 9 6 0 9 

0 . 2 9 7 4 3 

0 . 2 9 6 5 5 

0 . 2 9 6 8 9 

0 . 2 9 7 1 

0 , 2 9 8 8 4 

0 . 2 9 6 6 4 

0 , 2 9 6 2 0 

0 . 2 9 5 7 

0 . 2 9 4 9 5 

0 . 2 9 4 6 9 

0 . 2 9 7 0 

0 , 2 H 3 

^ C - A ' 
V 

0 . 4 4 5 9 

0 . 4 4 5 9 5 

0 . 4 4 6 0 2 

0 . 4 4 4 4 6 

0 . 4 4 5 0 1 

0 . 4 4 5 2 7 

0 . 4 4 4 6 1 

0 . 4 4 4 9 0 

0 . 4 5 5 4 5 

0 , 4 7 0 3 6 

0 . 4 7 7 9 5 

0 . 4 4 5 3 

0 . 4 4 3 9 

0 . 4 4 4 2 4 

0 . 4 4 2 6 9 

0 . 4 4 0 0 1 

0 , 4 4 1 7 8 

0 . 4 4 3 0 4 

0 . 4 4 2 3 0 

0 . 4 4 2 58 

0 442 36 

0 . 4 4 4 5 0 

0 , 4 4 1 5 6 

0 , 4 4 1 2 5 

0 . 4 4 1 3 0 

0 . 4 4 0 7 0 

0 . 4 4 0 1 0 

0 . 4 4 2 3 0 

0 . 4 3 8 4 

R e a c t o r p o w e r , 
K W 

520 

520 

520 

520 

520 

520 

520 

520 

520 

520 

520 

520 

• 2 0 

520 

520 

520 

522 

520 

520 

520 

520 

52 0 

52 0 

520 

520 

620 

520 

52 0 

520 

V 
o u t e r ' 
m v 

2 . 2 1 8 0 

2 . 2 2 36 

2 2 194 

2 . 2 12 

2 2 133 

2 . 2 0 9 3 

2 . 2 1 8 8 

2 . 1 9 8 6 

2 . . : 4 I 7 

2 . 3 1 10 

2 . 3 5 0 5 

2 1920 

2 . 1855 

2 . 1 8 0 6 

2 , 1 7 6 6 

2 , 1 6 3 0 

2 . 174 1 

2 . 1 8 1 0 

2 , 1827 

2 . 1 7 1 3 

2 . 1 8 0 0 

2 . 1 9 0 0 

2 1764 

2 . 1775 

2 . 1 7 2 5 

2 . 1 6 4 0 

2 . 1 5 6 4 

2 . 1806 

2 . 164 

''̂ B«r r 
niv 

1 ,5665 

1 5380 

1 5550 

1 559 

1 .5584 

1 . 5 0 4 5 

1, 5447 

1 . 5 2 9 0 

I . 5640 

1. 5918 

1 .6114 

1 .5162 

1 .6237 

1 .5168 

1 .5177 

1. 5046 

1 .4961 

1 ,4902 

1 .4857 

I . 5 I 2 S 

1 . 5 2 5 0 

1 .6374 

1 . 5 0 5 1 

1 . 5 ) 2 0 

1 540 

1 .1951 

1 .5119 

1. 6350 

1.522 

Flov». 
* 

7 5 . 5 

7 2 . 3 

6 9 . 9 

7 1 . 6 

74 h 

7 1 . H 

7 6 . 5 

7 2 . 0 

7 2 , 0 

7 1 , 5 

7 3 , 0 

7 4 . 2 

7 3 , 0 

7 1 , 0 

7 8 . 7 

74, 7 

7 5 . 8 

7 7 , 4 

7 3 . 1 

7 2 . 5 

6 0 . 5 

74 / 

7 2 . 2 

71 1 

74. 5 

75 . 5 

58 2 

7 1 . 0 
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Time 

1020 

1240 

1423 

164< 

1840 

2042 

2222 

0010 

0215 

0406 

0610 

0815 

1029 

1205 

1405 

1715 

1905 
2037 

22)0 

0015 

0200 

0430 

0630 

0820 

1057 

1)05 

1450 

1630 

1815 

Inlet H ,0 , 
mv 

0.5228 

0.5355 

0. 5769 

0.5671 

0, 56 02 

0.5567 

0.538) 

0.5278 

0.526) 

0.5056 

0.5012 

0.494) 

0.4900 

0.4945 
0.5010 

0.4944 

0.4859 
0.4H9) 

0,4792 

0.4679 

0.4663 

0.4520 

0,4532 

0.4500 

0.4542 

0.4920 

0.J049 

0.5215 

0.5164 

a i l le t H,0 . 
poaltion 2, 

mv 

0 8150 

0.9080 

0,9090 

0.8728 

0.9180 

0,9136 

0.9050 

0,8801 

0.8932 

0,8688 

0,8643 

0.8290 

0.8505 
0.8575 

0.82 30 

0 8611 

0.8721 

0.8440 

0,8630 

0.8555 

0, 7843 

0,8250 

0,8316 

0,7721 

0.8075 

0.8796 

0,862 7 

0. 8764 

0.f966 

Outlet H, 0 , 
poaltion ) i 

mv 

0.7620 

0,8304 

0.8455 

0.8141 

0.8400 

0, 8474 

0,8)93 

0.8166 

0.8308 

0.8024 

0.7973 

0.7678 

0,7825 

0. 7B67 

0. 7617 

0.7932 

0. 7984 

0.7765 

0.7B90 

0.7848 

0,72 30 

0,7551 
0.7600 

0,7068 

0.7387 

0.8023 

0.749J 

0.B12S 

0.8243 

Table B-6 . (Cont'd) 

Bjir 2 H«*< un power , 
KW 

o u U r 
mv 

Bar 1' 
mv 

Flow, 

0 ,2548 

0 ,2553 

0.2 5 16 

0,25409 

0.2 5682 

0.25697 

0.25706 

0 . 2 5 7 1 5 

0 . Z 6 I 5 

0.2615 

0,2611 

0.25123 

0 .2611 

0.29660 

0.29 375 

0.29774 

0.29574 

0.29420 

0 29578 

0.2962 

0.2911 

0.2915 

0.2930 

0,29315 

0.29385 

0.29579 

0.29656 

0.29566 

0.29782 

0.2920 

0.2916 

0,2900 

0,29062 

0.29)00 

0.29397 

0.29401 

0.29420 

0.2986 

0 2990 

0.2968 

0.29693 

0.29860 

0.29660 

0 29375 

0,29774 

0,29574 

0.29420 

0.29578 

0.2962 

0.2931 

0,2935 

0,2930 

0,29315 

0.29385 

0.29579 

0.29696 

0.29566 

0.29782 

0.4345 

0.4)472 

0.4)170 

0.41292 

0.4(676 

0.41745 

0.41750 

0 4 ) 8 5 

0 4450 

0 .4451 

0 .4440 

0.44194 

0.44564 

0 ,44333 

0.43816 

0, .14351 

0.4)026 

0.43858 

0.41096 

0.442 1 

0 , 4 ) 7 0 

0 , 4 ) 8 5 

0 . 4 ) 7 1 

0 . 4 ) 7 3 5 

0.4i96-' 

0,44078 

0,44200 

0,44075 

0,44360 

520 

52 0 

520 

520 

520 

520 

520 

520 

520 

520 

520 

420 

52 0 

520 

520 

520 

37 0 

520 

520 

520 

520 

520 

520 

520 

620 

520 

520 

52 0 

520 

2. 144 

2, 14) 

2. I l l 

2. 1440 

2.1479 

2. 1429 

2.1582 

2 . 1552 

2 . 184 

2 . 148 

2. 142 

2 .1515 

2 1690 

2 . 166 

2 . HMO 

2.1757 

2 ,1588 

2 ,1515 

2 ,2408 

2, 165 

2, 113 

2, 145 

2, 133 

2,1)10 

2, 1546 

2,16)3 

2, 1779 

2,1681 

2,laso 

1,4 19 

1. 565 

I, 545 

1,4874 

1,4640 

1,5490 

1 5612 

I .5009 

1 58 J 

I . 529 

1. 519 

1.4680 

1 404 4 

1, 4050 

1,4408 

1,5182 

1,5177 

1,4940 

1.5960 

I. 515 

1.42 5 

1.470 

1.478 

1.4015 

1 4518 

1 ,5273 

1,5099 

1 ,5149 

1,54 54 

89, 5 

6H.7 

73 8 

87 7 

7 1 . 5 

7 1 . 5 

70 7 

75.2 

71 B 

72 9 

72 9 

79 ) 

74 0 

74.2 

82 5 

71.7 

71 0 

74. 3 

69 0 

69 I 

Rl 9 

72, 

/ I , 

« J. 

76. 

68 

74 

74. 

70, 5 



0) 

00 

Date 

1/22/65 

1/23/63 

1/24/43 

Time 

2030 

22)7 

2315 
2 330 

0000 

0230 

0430 

0630 

0838 

1026 

1255 

1125 

1440 

1825 

2025 

22IS 

0030 

0210 

0415 

0630. 

0815 

1125 

1400 

1620 
1810 

2015 

2215 

Inlet (1,0, 
mv 

0,5148 

0.4870 

0.4677 
0.4840 

0.4850 

0.5245 

0, 5630 

0,5)40 

0,5415 

0,5420 

0.5585 

0. 5610 

0.5460 

0.5791 

0.5660 

0.5627 

0.5440 

0.5370 

0.5245 

0.4910 

0.5075 

0.5169 

0. 5050 

0 5402 

0.5290 

0. 5261 

0,5264 

Outlet H | 0 , 
poaltion 2, 

mv 

0,8696 

0,8260 

0,8460 
1,0054 

1,0797 
1,0925 

1. 16O0 

1 089 

1 1125 

1,1091 

1.0»60 

1, 1158 

1,0222 

1, 11)0 

1,1084 

1, )677 

1,0805 

1,0050 

1.0570 

1.0240 

1,0750 

1.078 

1.0476 

1,0788 

1.0682 

1.0644 

1.0602 

Outlet H ,0 . 
poaition i, 

mv 

0,7880 

0,7410 

0.7398 
0.9070 

0,9677 

0.9700 

1,0435 

0, 9880 

1.0035 

0,9990 

0. 972 1 

1.010 

0.9202 

1.0082 

0.9978 

0.9574 

0,978S 

0.9140 

0.9525 

0.9370 

0.9630 

0,9680 

0.9430 

0,9648 

0,9484 

0.9S34 

0.9430 

Table B-6. (Cont'd) 

'Bar 2' Reector power. 
KW 

ouFef 
mv 

'Bar r 
mv 

Flow. 
% 

0,26057 

0 .2 5849 

0.25724 

0 .26075 

0.26163 

0.2647 

0.2637 

0.2639 

0.2647 

0.26245 

0.26255 

0.26302 

0.2605 

0.2629 

0,2642 

0,2620 

0.2621 

0.2597 

0,2591 

0.2620 

0.2611 

0.2606 

0.2600 

0,2418 

0,2627 

0,2629 

0.2415 

0,29811 

0 .29570 

0.29420 

0.29732 

0 .29814 

0. 3021 

0, 3009 

0 ,3013 

0. 30175 

0.29885 

0,2991 

0,3007* 

0.2978 

0, 3000 

0 ,3019 

0 ,2990 

0.299) 

0.2963 

0.2958 

0.2988 

0,2982 

0,2980 

0,2940 

0,2987 

0,2996 

0.3000 

0.2989 

0,44412 

0.44065 

0.43819 

0.44186 

0.44184 

0,447711 

0,4461 

0.4464 

0.44701 

0.44345 

0,4487 

0.44495 

0.4418 

0,4449 

0.4470 

0.44)3 

0. 4446 

0.4410 

0.4388 

0 .4440 

0.4425 

0 .4420 

0 .44019 

0 .4435 

0 .4440 

0.4446 

0.4430 

520 

520 

520 

520 

520 

520 

520 

520 

520 

520 

520 

520 

920 

920 

520 

520 

520 

520 

520 

520 

520 

520 

520 

520 

520 

520 

520 

163) 

1641 

1540 

1724 

2, 1814 

2 , 2 1 0 

2 , 194 

2, 193 

2, 197 

2 ,1837 

2 .1950 

2 , 1950 

2,IBOI 

2 , 1869 

2 .1772 

2, 1520 

2 , 145 

2. 155 

2 , 143 

2 . 158 

2 , 143 

2 , 156 

2. 159 

2 . 180 

Z,1825 

2 . 1 6 6 0 

2 . 1799 

I .5118 

1.4784 

1.4922 

1 6850 

i 7790 

i . t s i s 
1 .65) 

1.802 

1.8060 

1,800 

1, 766 

1.794a 

1.6712 

1.7865 

1,7890 

1.7450 

1.757 

1.650 

1, /25 

1.716 

1.759 

1.771 

1,715 

1.770 

1,7385 

1.7384 

1 ,7 )0 

75. 3 

78. J 

7 1 . 0 

51 .0 

4 4 . 8 

48 3 

4 5 . 0 

49, 3 

4 7 . 9 

4 7 . 5 

51.1 

4 9 . 5 

59,4 

50.8 

4 9 . 2 

51. 5 

50 .6 

57 .3 

50 .0 

4 9 . 4 

4 8 . 0 

*'i. 3 

4«. 1 

50, 1 

50 .0 

50. 1 

50, 1 
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Table B-6 . (Cont'd) 

td 
t 

Date 

1 / 2 5 / 6 3 

1 / 2 6 / 6 3 

1 / 2 7 / 6 3 

T i m e 

0 0 1 0 

0230 

0420 

0615 

0839 

1106 

1242 

1440 

1630 

1810 

2 0 1 0 

2 2 0 8 

0020 

0208 

0405 

0615 

0807 

1007 

1300 

1625 

1820 

2 0 2 0 

2 2 1 9 

0035 

0213 

0407 

0612 

0844 

1009 

1044 

In le t H , 0 , 
m v 

0 . 5 0 7 0 

0 . 4 8 7 8 

0.480?. 

0 . 4 7 8 0 

0 . 4 8 4 6 

0 . 9 0 4 2 

0 . 5 1 9 3 

0 . 5 1 8 7 

0 , 5 4 2 5 

0 , 5294 

0 . 5 5 7 3 

0 . 5646 

0 , 5 5 2 5 

0 , 5 2 9 2 

0 . 5 3 1 1 

0 . 5 2 8 2 

0 . 5 2 4 4 

0 . 5 ) 2 8 

0 . 9 6 0 9 

0 . 9 6 7 0 

0 . 5 4 2 2 

0. 5250 

0 , 5 9 3 0 

0 . 9 4 1 6 

0 . 6 0 1 7 

0 . 9 9 0 7 

0 . 9 2 3 6 

0 , 9 4 4 7 

0 . 9 4 2 6 

0 . 9 4 0 0 

Out le t H , 0 . 
poa l t ion 2 . 

m v 

1 , 0 4 5 0 

0 , 9 9 4 7 

1 .0519 

1 . 0 3 4 0 

1 .0306 

1 .0980 

1 . 0 7 ) 2 

1 ,0959 

1 , 0 7 5 0 

1 ,0816 

1 ,1226 

1 .1059 

1 . 1 ) 1 0 

1, 1100 

1, 1081 

1. 1120 

1 .0718 

I . 1443 

1 ,1606 

1. 1690 

1 .1429 

1 .1184 

1 . 0 3 1 0 

1 , 1 3 6 0 

1 ,0912 

1 ,1365 

1 .0084 

1 .1037 

1 . 0 8 9 4 

1 .1093 

Out le t H t O , 
poai t ion 3, 

mv 

0 , 9 ) 2 5 

0 , 8 8 6 6 

0 . 9 2 5 5 

0 , 9 2 6 0 

0 . 9 2 6 3 

0 . 9 8 7 7 

0 , 9 8 0 ) 

0 , 9 5 8 1 

0 , 9 4 6 2 

0, 9640 

1 .0153 

0 . 9 9 3 6 

1 .0127 

0 . 9 9 1 2 

0 . 9 8 6 3 

0 . 9 9 4 0 

0 . 9 o 0 0 

1 .0283 

1 ,0420 

1 0488 

1 .0230 

0 . 9 9 5 0 

0 . 9 4 0 0 

1 ,0140 

0 , 9 7 3 7 

1 , 0 2 8 0 

0 . 9 2 0 7 

0 . 9 9 7 0 

0 . 9 8 4 7 

I .OOIO 

V Bar r 
V 

0 . 2 6 1 0 

0 . 2 582 

0 . 2 6 1 6 

0 . 2 6 0 9 

0 . 2 5 8 0 4 

0 , 2 5 6 6 5 

0 , 2 9 8 9 9 

0 , 2 5 7 4 5 

0 , 2 5 7 8 7 

0 , 2 9 8 9 

0 . 2 6 9 4 6 

0 . 2 5 9 2 3 

0 . 2 6 0 3 4 

0 . 2 6 3 5 8 

0 . 2 6 1 9 7 

0 . 2 6 5 7 3 

0 . 2 6 0 8 6 

0 , 2 6 1 7 0 

0 . 2 6 2 5 0 

0 . 2 6 1 3 0 

0 . 2 9 6 8 0 

0 .2 5648 

0 . 2 4 7 9 0 

0 . 2 9 9 6 

0 . 2 4 6 0 6 

0 . 2 4 9 3 1 

0 . 2 4 1 7 0 

0 . 2 4 1 8 2 

0 . 2 1 3 0 7 

0 . 2 1 8 8 4 

V 
' B a r 2 ' 

0 . 2 9 7 9 

0 . 2 } ' . 0 

0 . 2 9 8 3 

0 . 2 9 7 6 

0 , 2 942 

0 , 2 9 2 3 

0 , 2 9 9 2 

0 . 2 9 4 2 4 

0 . 2 ' ) 4 3 6 

0 . 2 9 9 3 6 

0 . 2 9 6 4 1 

0 , 2 9 5 6 2 

0 , 2 9 6 5 6 

0 . 3 0 0 6 5 

0 , 2 9 8 5 6 

0 . 3 0 3 0 6 

0 . 2 9 7 9 8 

0 , 2 9 8 7 5 

0 . 2 9 9 6 8 

0 . 2 9 8 0 9 

0 . 2 9 2 7 2 

0 . 2 9 2 8 0 

0 . 2 8 3 0 0 

0 , 2 8 8 4 0 

0 , 2 8 1 1 6 

0 . 2 8 0 2 0 

0 . 2 7 6 0 9 

0 . 2 7 4 9 2 

0 . 2 4 3 0 0 

0 . 2 4 9 3 9 

V - A -
V 

0 , 4 4 2 5 

0 . 4 3 8 2 

0 . 4 4 3 3 

0 . 4 4 1 8 

0 . 4 3 6 6 

0 , 4 3 3 4 

0 , 4 ) 8 5 

0 . 4 ) 7 1 

0 . 4 ) 6 7 

0 . 4 ) 7 6 8 

0 .43 t i76 

0 . 4 3 8 7 4 

0 . 4 3 9 5 0 

0 . 4 4 5 4 6 

0 . 4 4 2 5 8 

0 . 4 4 9 4 9 

0 . 4 4 1 8 2 

0 . 4 4 1 9 2 

0 . 4 4 3 4 1 

0 . 4 4 1 6 0 

0 . 4 3 3 0 0 

0 . 4 3 4 1 0 

0 . 4 1 9 4 0 

0 . 4 2 8 2 4 

0 . 4 1 7 4 8 

0 . 4 1 5 8 0 

0 . 4 1 0 5 0 

0 , 4 0 8 4 2 

0 . 3 4 0 0 0 

0 . 3 6 9 9 1 

Reac to r p o w e r , 
K W 

520 

520 

520 

520 

520 

518 

520 

520 

52 0 

92 0 

920 

520 

520 

52 0 

520 

520 

520 

520 

520 

520 

520 

520 

520 

520 

920 

520 

520 

520 

500 

900 

V 
outer 

m v 

2 , 1 6 8 5 

2 , 1 4 8 5 

2 . 1 8 2 2 

2 . 1 6 1 0 

2 . 1 3 9 3 

2 . 1 3 1 0 

2 . 1 5 9 5 

2 , 1 5 4 5 

2 . 1 5 7 5 

2 . 1 5 3 0 

2 . 1 5 9 0 

2 1606 

2 . 1671 

2 . 1945 

2 , 1 7 8 5 

2 . 2 0 5 0 

2 , 1 7 6 7 

2 , 1764 

2 . 1829 

2 . 1 6 6 5 

2 . 1200 

2 . 1295 

2 , 0 5 6 6 

2 . 1 0 1 1 

2 . 0 4 6 6 

2 . 0 3 8 ) 

2 . 0 1 1 ) 

2 . 0 1 3 J 

1 . 7 2 3 

1 .8172 

' ' B a r 1' 
mv 

1 . 7 2 0 

1 .666 

1. 738 

1 . 7 2 2 5 

1 .6819 

1 .7457 

1 ,8348 

1 .7243 

1 ,7946 

1 ,7834 

1 .8015 

1 . 7 7 5 0 

1.81 19 

1 ,7942 

1. 7960 

1 .8058 

1 .7613 

1 .6343 

1 .8491 

1 . 6 5 3 9 

1.80^2 

1 . 7 8 7 0 

1 . 6 5 9 3 

1 ,7982 

1 ,7275 

1 .7794 

1 ,6322 

1 .7265 

1 .6336 

1 .640 

F l o w , 
% 

5 0 . 0 

5 1 3 

42 7 

4 8 , 0 

4 9 , 0 

4 4 . - , 

4 7 , 0 

61 . '1 

5 0 . 7 

4 7 . 5 

4 f . 2 

4 9 . 0 

4r>.5 

4 7 . I 

46 7 

4 4 . 8 

4 1 . 4 

4 5 , 0 

4 5 , 0 

4 5 . 0 

45 0 

4 t . 8 

5 5 . 4 

4 4 . 0 

4 4 , 5 

4 5 .2 

" 4 , 1 

4 7 , 5 

4 7 . 5 

4 7 . 0 
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1 
i 

Time 

1122 

1200 

1447 

1650 

1818 
2020 

2219 

0012 

0206 

0356 

0417 

0620 

0703 

0730 

0753 

0923 

1038 

1119 

1190 

1234 

1321 

1399 

1439 

I9!B 

Inlet H ,0 . 
mv 

0,9626 

0,9431 

0,9786 

0. 5730 

0,5681 

0 5601 

0.5415 

0.5123 

0.4990 

0.4924 

0.4999 

0.9003 

0.4800 

0,4779 

0.4740 

0.4919 

0.9071 

0.9241 

0.5294 

0. 9200 

0. 92 30 

0.9184 

0.5180 

0. 4299 

Outlet H ,0 . 
poaition 2, 

mv 

1. 1134 

1.0431 

1. 1243 

1, 12)3 

1. J756 

i . ' )ai7 

I.i>406 

1.0431 

1,0039 

0,9431 

1,0098 

1,0912 

1.0999 

1.0374 

1.2799 

1.0044 

0. 9904 

1.0881 

1.0979 
1.0048 

0.7849 

0,4429 

0.9948 

0.4112 

Outlet H ,0 , 
poaition 3. 

mv 

1.0044 

0.9989 

1,0190 

1. 021 5 

0.9855 

0.9814 

0.9506 

0.9382 

0,9124 

0.8462 

0.9087 

0.9434 

0,9430 

0.9239 

0,9469 

0,8989 

0.8888 

0.9790 

0,9460 

0.9149 

0.7289 

0.6174 

0. 9800 

0, 7)20 

Table 3 - 6 . (Cont'd) 

Bar 1' R««ctor power, 
KW 

outar' 
mv 

'Bar r 
mv 

Flow, 

.1-. 
47 1 

5) 5 

47. I 

46.6 

50 5 

49 5 

51 7 

50 4 

50 .0 

55 8 

48 8 

47.0 

46.0 

46.2 

46. i 

56,5 

54.0 

46.3 

46 5 

46. 3 

45 8 

50 3 

56 0 

11.2 

0.22249 

0.21614 

0.21989 

0.22014 

0.2184 

0.21865 

0.2169 

0.20638 

0, 19992 

0,20790 

0,20968 

0.20161 

0,20990 

0. 19632 

0.22090 

0.23220 

0.1949 

0,1771 

0. 1229 

0. 07769 

0.8450 mv 

-1.0B4 mv 

-1.0739 mv 

-1.2449 mv 

0,29347 

0,24689 

0.29196 

0.29112 

0.2493 
0.2901 

0.2479 

0.23927 

0.22829 

0.2 3682 

0.23925 

0,23000 

0,23591 

0.22419 

0.29290 

0.24940 

0.2249 

0.2021 

0.1404 

0.08937 

0. 9940 mv 

-1.2124 mv 

-1,2033 mv 

- 1 . 3904 mv 

0.37561 

0.36795 

0.37174 

0.37195 

0.36896 

0.37094 

0.3665 

0.34910 

0.33B17 

0.39219 

0.35414 

0.34128 

0.34892 

0,33269 

0, 37449 

0.39468 

0,3335 

0,2994 

0.2080 

0. 13237 

9.488 mv 

2.088 mv 

1,9469 mv 

-1.0193 mv 

900 

900 

900 

500 

500 

500 

500 

500 

500 

500 

500 

900 

900 

490 

520 

553 

919 

900 

460 

430 

229 

120 

80 

20 

1,8390 

I 7838 

1.8175 

1.8182 

1. 8102 

1.8154 

1.8000 

1.7158 

1.6616 

1.7177 

1.9432 

1.6882 

1.7241 

1.6446 

1,8469 

1,9503 

1,660 

1,4909 

1.041 

0.6998 

0.0090 

-0.0087 

-0.0103 

-0.0109 

1.6836 

1.5754 

1,6848 

1,6900 

1.6512 

1.6410 

1,5995 

1,9645 

1. 52 15 

1.4536 

1. 5598 

I , 5650 

1,9848 

1 9232 

1,6967 

1.6072 

1,479 

1.5354 

1.3486 

1 1964 

0.7970 

0 6437 

0,5984 

0 8299 
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F i g u r e B - 1 . M a t e r i a l s and Fabr ica t ion of RCA Type A119.I-A 
C o n v e r t e r , D e v i c e 36 

Vacuum Braze 
(Nicrobraze 30) 

Vkcuum Brace 
(Copper) 

53 

Vacuum Braze 
(BT) 

Vacuum Braze 
(Zirconium) 

18 

Vacuum Braze 
(Copper) 

f V \ < ' /k <C €K\ <\'\ <.K^K <• '!.*̂  

17 

-Vacuum Braze I 
(Nicrobraze 30) L35 \ 34 

Electron Beam Wi'Ul 

'> I I !fi ' 1 f̂  I 1 f rill 1 1 r Braz€' 
(RF - BT) 

Hell Arc Weld 
(Nicrobraze LM) 

Braze 
(RF - BT) 

• Vacuum Braze 
(Nicrobraze LM) 

Note: AU Copper Braze* are Nickel Plated 



Figure B-2 . Conver ter , Fuel , and End Cap Assennbly 
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Figure B - 3 . View of Vacuum System and Oven 



Figure B-4 . Converter Connected to Vacuum System 
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Figure B-5 , Installation of Converter in Qcitgassing Can 



Figure B-6. Sealed Outga««i|»g Can in Oven 
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Figure B-8 . Calibration of Inpilc Load Bar Resisldnce 
Versus Tempera ture Emf 
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Figure B-9 . Summary of Voltage Measurements of the Inpile Load 
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58.02 
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25.02 
3.25 
3.44 
0. !5 

31.24 
35.65 
4.44 
4.59 
4 .52 
4.56 
4.57 

33.82 
4.55 

Current = 10 amperes 

Jacket Resistance 

» 



Figure B-10. Voltage Measurements of the Out-of-Pool Load 
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Figure B-U. Water Flow Meter Calibration Curves 
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