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1. THEBMAL STRESS 

1*1 Bes\ilta The maximum thermal stress has been calculated for both 
the SNAP 2 and SNAP 8 cores as a function of the power level. In 
Figure 1, the curve for the SNAP 2 core was based on a peak-to-average 
flux of 1.91I while that for the SNAP 8 was 1.82. The maximum thermal 
stress is directly proportional to the peak-to-average flux, the 
reported values can be corrected for any change in the flux distri­
bution. 

At the present time, the maximum stress in the fuel elements is 
limited to 20,000 psi, and is essentially independent of temperature 
between 1000-l40O?F. Since little data are available to support this 
value, a safe design limit should be somewhat less than this, perhaps 
15*000 psi. 

The maximum power for the SNAP 8 core is therefore approximately 
1,000 kw, and that for the SNAP 2 core is 150 kw, from a stress stand­
point. 

1*2 Method^^^ The maximum thermal stress, o"aiax» ^°^ * cylindrical 
fuel element may be calculated from the relationship: 

O i ^ « "E°^ 'Wx ^^ f^jj^ (1) 

When the fuel elements are in a triangular arrangement, an additional 
term must be included to account for the asymmetrical flow of heat. 
The above equation then becomes 

-g^ '^ax ̂ ^ (o; * - ! - - ) 
IjJ 2U- P') « a x - - — - — ' - ' (2) 

Where ^ is a function of the pitch-to-diameter ratio <^» 

1*5 Sample Calculation Values of the constants used in equation (2) 
were the following! 

E » 107 psi 

Q( « 6.7 X 10"^ degree-^ 

k - 12 Btu/hr-ft-'F 

V » 0*3 

730-V-45 (REV 5-59) 
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lo3 Samyle Calculation (Continued) 

For the SNAP 8 configiu:>ation, the value for 60 was 0.62, and for 
SNAP 2 it was 0.68. The diameter of SNAP 8 fuel elements is Oc534 
inches; that for SNAP 2 is 1.21 inches. 

When the SNAP 8 core la operated at 500 kw, the maximum heat genera­
tion rate is 6.92 x 10^ Btu/hr-ft3. The maxim\u& thermal stress from 
eqtiation (2) is therefore: 

10^(6.7 X 10'^)(6.92 X 10^) 

2(12 V 2n~r 4(12) 

6.32 X 10-̂  psi 

2. TEMPEBATURBS OF FUEL AND CLADDINO 

2.1 Results The maximum temperature in both the fuel element and 
in the cladding has been calculated as a function of both the reactor 
power and the NaK AT rise through the oore. The difference between 
the maximum temperature and the exit temperature of the NaK is 
reported here. Figures 2 and 3 show the maximum fuel and cladding 
temperatures, respectively, for the SHAP 2 core. Figures 4 and 5 
show the same for the SNAP 8 core-

Since a satisfactory method for determining the temperature distri­
bution in a fuel element in a SNAP oore configuration has not yet 
been developed, these reported values are only approximately, ^o 
allowance has been made for the hot-channel factor, about 1.22(^^, 
which includes deviations in uranium content, hydrogen distribution, 
neutron flux, and coolant flow. Nevertheless, these temperatures 
should be satisfactory for preliminary design purposes. 

Temperature limitations do not appear to present a serious problem. 
A temperature of 1400*F in the coating is the limiting condition. 
The maximum coating temperatiire reported here, that for the SNAP 2 
core at 150 kw power with a NaK AT of 100*F and exit temperature of 
llOO'F, is 1300'F. 

730-V-45 (REV 5-59) 
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1 î 
t • 
1 : .̂  

W 
i 1 1 < 

! l 
t 

1 t 
I 1 

— -— 

.... 

i i ' i i i ' I 

Ni: n -
'" 1 ' " 

.:';.; ..iHj 

4 ^ 
: " ! j ' 
i . - . 

• •^k'o 
. . J | 3 V 

i. 'jr.vv 

:! ^ a < f i 

• ! 

: i :. 

' i' 

. 4. j . . : 

^• 1 

•* • ' I i , ' 

" i1<o 
,:;' p*' 

i-: . . . 

JJii. 

r r i -

ia 

1 * * * 
. : 1 (. . . 

r{;: 

i . . .. 

41 

—-

—.-

— 

." i i 

: , . I 
• 

'̂4.1-

- • j r 

- i - ^ 

• - 4 

'• • • \ 

T -'-

1 • 

.-._...;. 

! • • 

. __|.._.._̂  

1 . • ;.'i 

......̂ ^ 

. • 

; 1: . i 

r 

^ 

••• ( t - ; 

--— 

di: 

: i . ' ' 

i:*;4:"l 
; - ; 4 r i ; 

! ;-: r 

t : ' 1-

;-; i ; 

i • 

.' ; 1 ; ; . . 

^ . • j __.• 

4 ' 
' 4 

- — 4 T — 

^;liX-.--

• i ";' * 

—— 
: 

- 1 ! 

- :' '••['' -

i : ' • 

iui 
j I .1 ; 

^ 

-4-

f-~ 

y / • . : • 

''•y 

\ = ^ 

tjri. 

i i i i 
. ; J 

' i i' 
. , 1 1 

i i ' • 

14-1 
'-\ tj 

' 1 -'4 
• J , ;̂  t 

| J ; 1 

4 

'1 ]i4 
•- i ; • ' 

t " • 

— 
T^J 

' i i ' 

-1.. J._:...:. 

. 1 ,:. 

~ - j r r -

- - - . - j - - -

—-4-^:-

__..,). __ .̂ 

'T:'\-r— 

w 
¥ : 
r\^ 

^ 7 ^ ^ 

r i ; j.. 

t i ; !• 

•• • i4 

1 r r 

i4 
l-n4-

t - r 1 '• 

; i i J. 

l 4 i r 

n ~ \ 

"FTT 

•1 
..1 

TfTT" 

HEtn 

W 
- H l 7 A 

7/lfZ^/^ 

. ^ f c ^ 

+ - ^ — ~ 

^.—• 1 : ' ' — 

! i • 1 : 

- — f — T 

.. . . i | - : . . i . 

- 7 - - - 4 - -

-r-4— 

• 1 ® 

-4̂ ^ 
74-

. ' i / T i . : 

0 
X 
: : i .1 

'4 t:L 

TT+I 
" 1 

j . j - - ^ ! 

i-4 -j 

i . i ! 

-tr;i 

-J . - . . . 

4 - i ; . . 

;"*i^ 
•Hil 

> ^ 

1 . X 4 -

44f 
44l-r 

lit' 
mamiiBinaisiBe 

P.\ £. 

^ 

-' j-- — 

- I - -
1 

1 

1 
1 - -

t 

f 
f\-

':.^ 
•it 

/ 

/ 

-A 
' / 
/P 

^ 

\AX^ 

• • 1 

^iV. 

|-. r • 

t 1 : ' 

X: 

.•4^ 
- ' - ! 1 . • 

•f^ 

4 . . ; - j 1 ] • : 

le^'L 

•L.t(3 

- ~ 

— 

- • - ^ 

'^~ 

::;.4: : 

—y4-— 

M 

7?^ 

i^ 
4-
§(l 
m 
.! 1 . , , . 1 . 

»o 

>4 ' 
4 

1 ' 

f i t 

\ ii 1 
' i i ' 

4f' 
;-i t i 

; t44 

M 
M 

~ 

ii.ti' 

1 - H ' 

" l i " ' " 

'• l -L 
..1 

• r., . 

TTCT 

/ef.. 

: : ' • • 

0 
m 
- • — 

m 
"f 

:̂ 1/ ' • 

. i1- i. 
, . ; 1 . . i . i . -

-, : t .. . ; : ;. 

4-'1 i. 

114 
."LLri-

V '• ' 

t : i . 
- 1 - L - | . . -

'••iH-*-

;;.-, 

-i—I-.-

4'i [4 

' " , r 

n I"-'',. 

1̂ 1 
4:} 

t;# 
4. ( . i -1 -

firPflS iS f^4 

4l-': 
1 j . . i . . , 

t i 4*4 
t • - ; 

114 
4" 
1̂4 

4i l 

; . • 1 i 

mR, 
-----

' : • ' • 

;4; 4 i ' : : 

% : 

f 
- • — .̂.; 

-^^4-r^^-

-:--; 
,, 

'% 

^ 
. . i i. 

7¥ 
--T~U--

.:: 4: 

; M 4 

i ^ 

l f ^ 

fi-Li 

1+4 
t i i i 

, i 

::4 
; A -. 

^ 
{iLji 

fe 

ffl 

w 

1-.', i'4t J T 

• ---J ! I • : 

9ife 

—^44-

. ^ . • : i ' 

;- i i 1i i 

:-i - i r- i 

— r - 4 - -

- - r F -

' ' . 1 1 i 

— 4 -

• ; ' 4 " 

' " / ; 1 "' i 

-rtHfri 

i4".u]_;4 

-rM"' ••-I 

j ' ^4 • ' 

Tiilb 
4 + i 14 7 

t t ' l ;\ 

^?4H i!-itl+U^-

m 

"* 1 1 '' 

1 

1 ' 

1 1 ! 

- j - --

' 

1 

1 

I 1 

1 

1 1 
1 

1 1 
i_ 1̂ 
1 1 
I 1 

' 

J — L _ J. 

\^£. 

I i' 
I L i 

*l - 1 

Pf 

. t . '..j -.\,.. 

. :-1"Iu'"; . ' 

-HT-I—^: 

- 7 - 1 — — 

-*---|~:— 

'-.-r-H— 

—-1—• 

-^4~ 

-r:-4-T-

• " . 1 • ; ' 

' • " ' • \ • . 

---•-4—-

——p— 

: . • i • * • 

i i • 1 . - . 

'• ' 4 l _ 

' i , j. i i 7 

i' .1 !'![. 

•Hd4m 

4'iiii* 
4jij4i;1 
fl̂ n4t 

fill 

-qH' 
T T T T 

1 
• ; i : 

-

— 

__J 

-f-rrr-;^ 

-,4_ 
— 

!—+-—-H 

-—~ 

--. , ^ 

• 1 • -

• • "( ' 

- -1 

ri 

1 j 
1 

• : ' • • • 

; i i 7 

4 : 44 
-r • • • r 

44 
i4 - " 
1 J 1 4 

1̂ 4 
4il-
4-̂1 
tixi 

M •" 1 

• > f 

•M 

m 
-1-114J 

.1:44 

J .i U1 

-i-f-. H 

M J1UJ m 
m 



Pagf 6 of 16 



AI-MEliO 7840 

Page 7 of 16 
rrrrr 

1 i i ; : 

[Hi -

l77i • 

i ;7i 

—:-

-: - i : 

K - -

L:_ 

—;-

4-.--

• ^ 7 - ; ; 

4--

•'4.1 

i- •-' •• 

4..f.-, 1 

-*4 

• • » . 

i->. 

1 
: . . * l 

j 
^ 

i; 

hi r'v 

4: I;: 

l i . - i . 

4"" 

Hi: 

' ; 4 . 

•"; L 

.'.'!! 

"FIT 
.J ^ 14 

r - 4 ' ' 

IS 
f 1.1' 1 

::>̂  

rfM 

-.J 

?' 

,.: 

-3 
, A 

i r f i 

• . - E 

. j . !4 : 

'.'-.'.I 

r'lH' 
>;v 

;' 
:. _̂  

#^ j s 

W ^ 

f i * ! 
1 f 

>\M 
X ' t l 

7 4 - J : . L . . 

1 

. '- • 

V - 7 

t / c 

: : 

. . y 

- - ; t 

I::.: 

4 i 

44 

','. \ 

iC-A-
U 0 

h / ^ 

-

^n 
7 V 

O 

' 

— 

4n 
t4 . : 

! • i ' 

• ' . i ' 

"i .. j i 

+ .. : . 

* 1 • 

- - T T 

! • ' ; • 

1 • ' 

• 

_ —-.L.". -L 

' 

' 

X 

• ; • ; 

[1-' 

^ 
:' '1 \! 

:4 

. i ' ' 

4i--
i!..4 

1:'"' r 

-TTTT 
iri'i' 

l i f i : 

4li 
Tl' ! 

,;.; 

4 / ^ 

-1--

—--

- j 

,.,..., 

r r r 

-'-"-

—:-:-

• • : " - -

.i ; ~ i 

•4 

^ 

: 1.-1 ;' 

i ' t [ 
! *. ; f 

.;_.:.. 

. .+_ , -

- . r r -

- T ' -

- - -

.._.:.. 

r- -

^ 
^ ' i 

. i i : • 

4 i'' i 
:4i ^ 
. 4 . . '. 

; 1 ; ; 

• i . 1 • 
: • i • 

• • 1 1 
' ; i T 

^ 1-. • 
• r r 1 ' 

1,!..i.L 

•\t\l 

; "M.; 

Itiv 
-.44 i • 

i i l i l 

• 

^^' 

— 

4 . '; 

• i . . i 

" . 

,_.:. 

— -

_...:.... 

m 
::.:' 

; • . " " 

. : 

-; — 

—-

—-

1 

• 4 - •• : 4.-

-i-T— 

/ 

^ 

•.':'.": 

Z. 
' i l l 

: -i 

' 1 ' '; 

. . 1 . 

|;;f 

4' 
^ 
_" ,̂  .1" 

;-r • ; 

to: 
t : 

. ! J ;. 

] .i i J 

•1 • t t 

: n 4 

H i - : 

k 
. 'TV 

' • • • 

i ; 

H 
1 ^ ' 

fi 

Wl h 

M 

-:-— 

—'-;-

• • — -

— : r 

'At 

-'—' 

' \ ;•: 

... 

— T 

XM^ 
/ 

''J 

^'-i 

t " ' - \ 

; • : + • • 

. i ' ' t" 

44. 
t : i 4 

-LIJ,!-

? 
y 

. ! .• i 

\\V 

: .Li 

M 

* '141 

t.L*ii 

if 

7W 

0 

— 

/ 

/ 

/ 
/ 

^ 

lUiA 

-^\ 

"I ; ; ; 

FT 

<^: 

. : i : 

;;.; ;-

i:4 

''v 

^ f... 

'•' / 

/ 

y 

4i;-

" ' " ' 1 

4417 

I — . 

;;^ 
,:4.t : 

^.\ r. 
;44L 
i-|-f}-

Si 

1 
4» 
• i f 
* 4' 

1 1 
1 

COix 

I-—!——J 

; • "t 

4 . ' . ; 

i : : ' 

i " i 

'/ L 

y 
^ 

:::: 

. ; i ;. 

9'<^. 

4t!. 

k 

• 17 • 

: : i'. 

-: ; ,.|. 

0 

k 

/ ' 

; ; - • ; 

4 . . i . i . 

iiFi-ii 

[+4T 

"i-'ii? * 

44 

# 
. i t i i i 

1 t"*r 
t-f-H 

44 

fr ' 
• ' [ T i 

44 
i r i t 

141 
•J 14 

i.i', i 

^ i ^ 
r. 

^ 

i4̂  ^ 

^ r 

} / 

/ 

y 
/ 

. 

. 

: i -

! ; " i 

' 11 ' 

! i . 

> 7 

f t 

I t - ^ 

: 0 : ' 

jT 

••7 
^ ;̂: 

p̂ ' 
: r i 

- i : ' 1 
. . : J J. 

• \W, 

i i l 1. 

t . ! i i 

4;-i4 
f i t 

„ , —Jl 

it 
. , 0 . ^ j£Li. 

M 
4-Til 

3l4. m 

l i i i 

9 
i-4'-
4 i i -

47 

' . ' : • . : 

J - 1 . 

i..! i ^ 

' : ' . ' • ' 

; H i 

y 
tl 

• • • - ' 

f ^ '1 

^ ? 

]*̂  
/^: 

! . L ' ^ : 

'14 • 

;7j-; 

"i Hi 

i.iU 

4411 

•M 
TJ -f-'-

• 1 1 - t 

1 - 4 

W 

M t l 4 
]»1^ 

..1. i 4 J 

lifii't 

1 ii.i. 
i i 4 ; . 

ri ' i 
i 

i 1 • -

i^^ 
l . • !" 

• j ; 

• i" ' • 

4 ': [ 

'.'-

i/ V 

',' 

.i.i i 

1.4: ii 

4:1 
H.1 i 

41.4 \-

# 
tn i i i 
ih-ri 
•4tt 
f t - ' • 

44 
-.444. 

' r 

' 

W 

/ 

/ , 

/ 

/ 

/ 
/ 

/ 

/ 
f 

• 

" 

: ' 

I'lf 

'n1 

;4' 
!1 i : 

—y*-

r,., 

..,::' 

: : : • 

4 
/ • : . 

' • ' f 

4 r ; . :-

/ ' l 

Vii 

i 'v 
!','.. 

'•-X 

'IX'-^' 
-̂  • 1 i 

'44-

i J i l 
4 T *̂ 
r i •*•-*-

f '•- ; 

• 4 ; 4 

i.i4 

4 . -t ~ 

^ 1-4 ;.-

L I I I A 

I '-i.iii 

iiij-;. 

1 : 4 " 
: L i i 

4 r\ •' 

• / 

• • / : 

/:. 

. : . ' . . • 

441 1-

.J.j-', 1 
"'Mr 
•Hlr 

! r " ; 

L • 

\'.W 
4:/:;,. 

^ : 

^y 

r 
/ ^ 
ii:: 
• ' " : 

'i •: :'i 

.^4: 

' ' • ; ' : 

1- - 1 . 

• 4 4 : ; 
- f ^ - i : -

:44 
4414 

•H47 

.ft^-

\ / / 

/ 

-~ 

4.": :. 

: 7, ;-

:;::-

.-1 i i. 

M 
"\k 
4 ' ; ' • 

w. 
i t i i 

.-,,,., 

4l-i 
::':: 

i i i; . 

i i i i 

• 7 ' ' 

':-;. 

• 4r 

— r . : ^ 

,-...U. 

4 . : . 

• 1 ; • 

7 • i : 

•1 ' • I 

""! !.. ' 

':.'-: 

x\ 
: 1 ;•• 

44 
! l4l 
14T 
•'Tit 

,1;4 

-Ti. ' i 

T,-.:' 

iiii^ 
. i." ' i ^: 

i i i 

7 . : , : 

:^ii 

47^ 

!''': 

: • ' i 

4̂  

-i •* • 

-:'. 

i " ' ' 1 

i i j . . 

4i'-
t - r ; 1 •• 

i i i ; ' 
4-(; 
HH" 40.-^-, . 

H i- f-
I 8 S H I J > I I M ' ! K ^ I 

lliiliJiMliiiiJ 
4tf t 
T4^ 

1 ; 4:Uii4-4 
i|4 144 

TTTT 
1411' 

••:f] 

1 ! ' ' 

. : ; 1 i ' 
11 • • 

• ; i 4 

• • 7 

^ • 7 

. ' , * i 

,: -' 

] * - • < 

' l4 
1 -4_. r.,. 
' t •; *-

• ; - : 

• i 4 

- — 

-^^ 

1 'J t 

"•'•.[• 

ii..:.i. 

'i 1: r 
1 ! ;-t 

4 " ; t 

44 
i ! i 4 
i4i.^ 
• 1 1 -

J^4-

t i j . . -

: h-n 

j 

- 1 

] 
1 

] 

1 

_ — J 

j 

— 

1 

+ ] 

_] 

J 4 j 

I] 
1 



AI-MBMO 7840 

Page 8 of 16 

5 i 
^ ̂  

t l 

4 

1 

- -

H ' 
1 

_^-

. j 

N 

-.is 

45? 

1 ^ 

1 a 

'1 
i ^ 
! 

1 * 
V 

i 
- ^ ^ 

r 
'V-l 

-

— 

T 

t 

, ! i , . 

r 
1 + 

f-
r 

( 

n 

1 

1 
1 
1 

[ „ . 

1 . 

1 

jf3 f n A. J L / 

n.^1^ 

1 

/ 3 U 
1 

1 

- ^ . 

1 

^n 
' ^0 

._.. I .. _ 

— 

— • 

0 

-

) 

. 

—^ 

1 

' 

i 

1 

— 

— 

„ - -

— 

— 

1 . 

— 

— 

- — 

— -

. 

L 

i 1 

[̂  

• 

/ 

1 
1 

— -

-

__ 

1 
1 

1 

— 

— ^ 

1-

st*i2 

1 

_ 

— • 

f ' 
u 

1 

— 

1 

( . • 

1 
1 

1 
— 

1 
1 

i 

- -

- _ 

2 

[j 

— 

— 

^ 

so 

4î  
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^*2 Method By considering the fuel element as a thin rod with heat 
generation proportional to the flux distribution and bo!anded by a 
coolant whose temperature also depends on the flux distribution, the 
point at which the wall temperature is a maximum can be found. In 
this calculation the resistances of the cladding, ceramic, and hydrogen 
layers were included in the heat transfer coefficient of the coolant. 
!nie maximviffl fuel temperature, assumed to be a maximum at the same 
height as that of the wall maximum, was then calculated for a single 
fuel element. The maximum cladding temperature was taken as the 
difference between the maximum wall temperature and temperature drop 
across the hydrogen layer. The temperatxire of the ceramic vas set 
equal to that of the cladding. 

When these results wera^applled to the triangular arrangement of fuel 
rods in the SNAP oore^-'-^he estimated effect of the asymmetrical cooling 
had to be included. For the SNAP cores, the maximum fuel temperature 
was estimated to be ZXTQ higher than the normal maximum, where A T ^ 
was the normal center to wall temperature difference for a single 
fuel element. The maximum cladding temperature was estimated to be 
A To higher than normal for SNAP 8 and 1.25 AT© higher for SNAP 2o 

Values of constants in these calculation were as follows: 

^fuel = ^2 Btu/hr-ft-'F 

^clad 

Ĥ2 

18 

.25 

^cer = 0.001 in. 

^clad " O'OIO in* 'or SNAP 8, a O.OI5 i n . for SNAP 2 

%2 = 0.001 i n . 

h 10,000 B t u / h r - f t ^ - T for SNAP 8, = 5fOOO for SNAP 2 -'NaK 

Peak/Average radial flux » l.jJ 

Point/Average axial flux « 1.4 cos " , (g - 0.5) for SNAP 8 

1.47 cos TT 
1,07 

(| - 0.5) for SNAP 2 

730-V-45 (REV S-59) 
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3. PRESSURE DSOP The variation of pressure drop through the core 
assembly with flow rate is shown in Figture 6. These values do not 
include the static head, which is about 0.3 psi. 

These results were based on a calculated pressure drop for the SNAP 2 
and a measured pressure drop for SNAP at their respective design flow 
rates. Pressure drops at other flow rates were assiuned to be directly 
proportional to the velocity squared. 

if, FUEL ELEMENT BURNtJP 

^•^ Reattlts Present datd'^lndicate that the rate of swelling of the 
fuel elements is about five times the burnup rate at a fuel tempera­
ture of 1200*F, two times at a temperature of 100*F and equal to the 
burnup rate at lower temperatures. Figure 7 shows the increase in 
volume of the elements as a function of power and temperature for a 
five-year life. 

Not enough data are available at this time to establish the burnup 
limitations of the fuel elements. Experimental work is now being done 
to define these limits. A conservative limit is set by the geometry 
of the element - the fuel may swell until it contacts the cladding. 
For a .001 inch hydrogen gap in the SNAP 8 element, the maximum 
swelling is less than 1.3^o 

4.2 Sample Calculation To operate at 100 kw for five years requires 
4.95 X lo2^ fissions. Since the fuel volume of the SNAP 8 core is 
1.28 X 10^ cc, this requires an average fission density of 3.87 x 10^^ 
fissions/cc. At the center, the fission density will be 1.82 times 
this, or 7.02 x 10^9, without the hydrogen, the fuel contains about 
4.4 X 10^^ atoms/cc. Burnup is, therefore, 0.169̂ . For a fuel tempera­
ture of 1200*F, the element will swell by a factor of five times the 
bxirnup, or 0.8%. If the maximum permissible swelling is 2%, the 
maximum power level is 250 kw. 

5. REFLECTOR TEMPERATURE 

5.1 Results The maximum temperatures in the reflector, control 
drum, and pressure vessel were calculated as a function of core power. 
These results are shown in Figure 8 for a NaK entrance temperature 
of 800"F and exit temperature of lOOO'F. 

730-V-45 (REV 5-59) 
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Although the values of quantities used in this calculation were 
approximations, these temperatures should be sufficiently accurate 
for this preliminary design study, the purpose of which is to deter­
mine the limitations of the SNAP 6 system. The results of this 
calculation indicate that the maximxua temperature, that in the con­
trol drum, does not limit the power level in SMAP 6 to less than 
1 Mw. However, the factors which control the temperature in the 
reflector should be considered in the design of the SNAP 6. 

The significant resistances to heat transfer are across the gaps 
between the core and reflector, the control drum and reflector, and 
the pressure vessel and reflector, and through the pressure vessel 
and lead shield. Not much can be done to change the resistance 
through the vessel wall, but that across the gaps may be changed 
considerably. By using helium for the gas in the void space, one 
talces advantage of its high thermal conductivity to increase the 
heat transfer across the fs.ps. In addition, the surfaces of adja­
cent pieces should be coated to increase their emissivity, and thereby 
increase the rate of heat transfer via radiation. 

^*^ Method The geometry of the reflector was simplified to that 
of a solid cylindrical shell with an 1/8 inch gap between it and the 
core and an 1/4 inch gap between it and the vessel wall. Under these 
conditions, about 75% of the heat generation was due to the core 
gammas. The energy absorbed in the reflector was approximated to be 
2,3% of the core power and that absorbed in the vessel wall adjacent 
to the reflector was approximated to be 3.5% of the core power. The 
reflector temperature and maximum wall tenierature were then deter­
mined, using the Reflector Heating Codei^^ 

The temperature of the control drum was set equal to that necessary 
to transfer the heat generated in it to the reflector. It was esti­
mated that if the boron were added to the reflector, the heat genera­
tion rate would be increased from 2.3 to 3% of the core power. The 
heat generated in a single control drum, 0.25% of oore power, was 
obtained by assuming that the volume of a control drum was 1/12 that 
of the reflector shell. The gap between the control drum and the 
reflector, across which this generated heat must be transferred, was 
1/4 inch. 
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5.2 Method (Continued) 

At a thermal power of 1 Mw, 33% of the heat generated in a control 
drum was transferred to the reflector via conduction through the 
helium, the rest via radiation. Since the rate of transfer by radia­
tion decreases rapidly with decreasing temperature, at lower powers, 
most of the heat is transferred by conduction. 

The following coefficients were used in this ceJ-Culationt 

kg, « 0.15 Btu/hr-ft-»F 

B̂e 72 

ky, = 12 

kpb » 18 

h f i i , » 100 BtuAr-f t2-»F 

Core €. X 0 .3 

Inner Reflector € « 0.15 

Al l Other Surfaces € » 0 .5 

Note: B ŷdrogen loss has been estimated to be about 1.8^1 for the^reactor 
operating for 5 years with a cladding tempez*ature of 1150 F. (5) 
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