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EXPERIENCE WI!Ed HIGii-TIDIPE.l3ATUBE CEIVTRIFTJGLL PUMPS I N  
NUCLEAR REACTORS AND TELEIR APPLICATIOTJ TO 

MOLTEN-SALT T H a  BREEDER REACTORS 

P. G.  Smith 

Design fea tures ,  development problems, and operating 
experience have been compiled for l iquid-metal  and molten- 
salt  c i r c u l a t i n g  pumps used i n  various nuclear reac tors  
and tes t  f a c i l i t i e s .  The compilation w a s  made t o  search 
out t h e  problem areas and t o  s e l e c t  s u i t a b l e  combinations 
of f ea tu re s  f o r  t h e  c i r c u l a t i n g  pumps required by each of 
t h e  th ree  molten-salt  systems i n  the  proposed molten-salt  
thermal breeder r eac to r .  
configurations:  the  "short-shaf t. pump" and t h e  "long- 
sha f t  pump." The shor t - shaf t  pump i s  favored f o r  t he  cool- 
ant sal t  system, and t h e  long-shaft  pump i s  favored for t he  
fuel-and-blanket salt  systems. 

The pumps are divided i n t o  two 

INTRODUCTION 

As pa r t  of a continuing program for  development of molten-salt  

reac tors ,  t he  Oak Ridge National Laboratory (ORNL) i.s working on the  

design of molten-salt  thermal breeder r eac to r s .  A conceptual design 

of a 2225 M w ( t )  Molten S a l t  Breeder Reactor-1y2 (MSBR) has been pre- 

pared, and a lOO-l5O M w ( t )  Molten-Salt Breeder Experiment (MSBE) has 

been proposed as t h e  follow-on t o  t'ne 7.5 M w ( t )  Molten-Salt Reactor 

Ekperiment? (MSRE). 

each of 556 M w ( t ) ;  and the  MSBE cons is t s  of a s ingle ,  reduced-scale 

module. Each module has th ree  molten-salt  systems, t he  f u e l ,  blanket,  

and coolant; and each system requi res  a s a l t  pump. The fue l  and blanket 

salt  systems are contained i n  an oven t h a t  is  maintained 8t temperatures 

varying from 105C)-l15O0E', and they are s o  arranged k h a t  the  discharge 

and suc t ion  connections f o r  t he  pumps are loca ted  wel l  below the  oven 

c e i l i n g  and very near t he  nuclear core.  The coolant sa l t  system, i n  

One vers ion of the  MSBR cons is t s  of four  modules 
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which l i t t l e  r a d i o a c t i v i t y  i s  exp=cted, i s  contained i n  

t h a t  i s  maintalned a t  9OC-lOOO"F; and ii i s  s o  arranged 

charge and suc t ion  connections f o r  t h e  pump a r e  loca t ed  

c e i l i n g .  

a separate  oven 

that, t h e  d - i s -  

veqy near t h e  

A survey of t h e  experience with l a r g e  pu17ps f o r  hi.gh-temperature 

f l u i d s  has been made t o  assist  i n  t h e  design of pimps for t h e  molten- 

salt  breeder r e a c t o r s .  Descriptions,  c ross  sectLon drawings, and photo- 

graphs, t a b l e s  of pump parameters, amd accounts of  significa,nt  operat ing 

problems have been obtained f o r  s p e c i f i c  pumps of in- ' ierest  t o  t h e  survey 

from various r e a c t o r  i n s t a l l a t i o n s .  The pumps are c l a s s i f i e d  i n t o  two 

configurations:  "short-shaf t  pump" and "long-shaft  pump." The puiips 

included are: t h e  primary and secondary system sodium pumps f o r  t h e  

Hallam Huclear Power F a c i l i t e  

and the Sodium Reactor E ~ p e r i r n e n t ' , ~ . ' ~  (SRE); t h e  primary system sodiurn 

pumps i n  the Experimenta.1. Breeder React0r-2~j (EBR-2) ; t h e  sodium pump 

being developed f o r  the Pro-toty-pe Fast  Reactorf3 (PFR) by t h e  United 

Kingdom Atomic Energy Authority (UKAEA); t h e  sodium pumps of the 10 Mw 

experimental c i r c u i t  f o r  t h e  Rapsodie reactor a t  t h e  Cadarache i n s t a l l a -  

tion i n  j+3,nce4jlo711 t h e  sodium pilmps of t h e  2000-Kw Sodium T e s t  F a c i l i t y  

at Los Namos S c i e n t i f i c  Laboratory12, 1 3 7  l 4  (1,ML); t h e  f u e l  and coolant 

sa l t  pumps for t h e  MSRE;l5>l6 other  e levated temperature pumps developed 

a t  O R N L ; ~ ~ ' ~ ~  and t h e  l a r g e  sodium pump (50,000 t o  103,000 gpm) proposed 

f o r  development by t h e  United S t a t e s  Atomic Energy Commission (USAEC) 

f o r  sodium-cooled fast breeder r e a ~ t 0 r s . l ~  All c e n t r i f u g a l  pumps known 

t o  have been used i n  sodium-cooled and molten-sal t  nuclear r eac to r s  a r e  

included i n  t h e  survey. 

(HNPF), t h e  Enrico Fermi Reactor,", 

The problem areas an t i c ipa t ed  for t h e  two pump configurations i n .  

t h e  molten-salt  breeder  app l i ca t ions  are discussed b r i e f l y ,  and t e n t a t i v e  

conclusions are reached on a choice of pump configuration f o r  each of t h e  

salt systems. 

PUNP D:ESCRITTIONS AND OPERATING EXPERIENCE 

The pumps included i n  this survey ai-e described as mechanical, 

free-surface,  cen t r i fuga l ,  v e r t i c e l - s h a f t ,  sump pwtips. They are 
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subdivided i n t o  two groups: 

one sha f t  support bear ing loca ted  In  the pimped f l u i d ,  md those t h z t  

have a shor t  s h a f t  with t h e  impel.ler overhung, !The f i r s t  groilp (here- 

after r e f e r r e d  t o  as Long-shaft pump) includes r e a c t o r  s o d i m  pumps i n  

the  IDTPF, EBR-2, and Enrico Fermi sy:;tems; t h e  experimental developmnt 

sodium ptunp f o r  the  FFR by Uy,R-A; t h e  l a rge  sodium pump proposed f o r  

development by the  TJSAEC; the sodium pumps Cor the Rapsodie r e a c t o r  in 

France; t h e  sodium pumps used i n  t h e  Sodium Test F a c i l i t y  a t  LML; and 

one molten salt  pump t h a t  was operated. a t  ORITLa2O 

(he rea f t e r  r e f e r r e d  t o  as shor t - shaf t  pump) includes the  remainder of t h e  

l iquid-metal  and molten-salt  pumps t h a t  were developed and operated a t  

ORI\TL, and the  main and a u x i l i a r y  sodium pumps of t h e  SRE. The d i s t i n -  

guishing fea tures  of each pump are Listed i n  Table 1. 

those t h a t  have a long sha f t  w i t h  a t  least 

The second group 

I_- Long -Shaft Pump - 

General Description 

The pumps i n  t h i s  group 

p e l l e r  provided by a journa l  

f l u i d .  This permits t he  use 

and i t s  s e n s i t i v e  e l e c t r i c a l  

have a sha f t  support adjacent t o  t h e  i m -  

bear ing t h a t  i s  l u b r i c a t e d  with t h e  pumped 

of long s h a f t s  t o  separa te  t h e  drive motor 

i n s u l a t i o n  and hydrocarbon l u b r i c a n t  from 

intense r a d i o a c t i v i t y  and high-temperatme. 

e f f e c t ,  t h e  separa t ion  provides space to accommodate r a d i a t i o n  sh ie ld ing ,  

The pumps t h a t  were used t o  c i r c u l a t e  high-temperature sodium i n  

primary and secondary nuclear r e a e t o r  systems are l i s t e d  i n  Table 2, with 

per t inent  design parameters and operating experience 

design and operat ional  information for development p w p s "  

In  addi t ion  t o  t h e  d is tance  

Table 3 provides 

Sodium mUnps f o r  t he  Hallam Nuclear Power F a c i l i t y  

The HNJT,  a graphite-moderated, sodium-cooled r eac to r ,  designed 

f o r  256 M w ( t ) ,  required three sodium pumps i n  both t h e  primary a,nd 

secondary systems. The sitme hydraul ic  designs were used f o r  the single- 

suct ion rad ia l - impel le r  and vaned d i f f u s e r s  ir? both t h e  primary and 

secondary pumps (Figs. l and 21, A conventional o i l - l u b r i c a t e d  ball 





ration 

--- 
_ I_  

Centrifugal. 
Free-surface 
3 
1 3 , m  
100 
LQOQ 
9m 
350 
Mechanzcal 
Shaft seal 
2 ld4 &l$ Mo 
nady cwrent 

Byron-Jackeon 
coupling 

9 o t a l  operation per pump, f a c i l i t y  discontinued. 

'Total operat ion per pump as of January 18, 3.957, 
"Total  operation per pump as of April, 1967. 
d~lectrono~lgnetic pump, for Infomat ion  only. 
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Centrtf"Jgn1 

1 
free-ausPacs 

CentrLfiqiRI 

1 
free-surface 

Nunrber of unlta 
CaFacity, g?m 
Dynamic head, fl, 
Design temp-ratwe, "F 
Motor speed, rpm 
Motor paver, hp 
Sealing arra-igement 

!.%ateri al 
TyFe of speed control 

Ha.nufsc+,urer 

I 

1650 
1.05 
1200 
1100 
13 
Me-hmical 
shaft -ee l  

W w d  Leonard 
316 8.5 

system 
AispanO-Sl l i  ZR 

n00 
150 
750 

Operation 

s5dium 
Up t a  750 
4GGQ-7103 
7 m 8  

scdiw 
up to 1022 
2000 
12,000b 

SCdiilm 
up t o  A50 
2 30 
ll,920d 

Centri Pqal 

1 
1675 
59 
1200 
875 
75 
MCChoniC81 

aheft sea l  
316 66 

Ward Leonard 

Hiapmc-Suiaa 

free-aurfaoe 

system 

Dr?ntrifu@. 

1 (4-stage) 
230 
110 
550 
1675 
10 
I h 3 c k I a n i C a l  

300 se r i e s  s5 
Electrodya?nic 

f ree-swfacs  

shaft SefL 

dr ive  
3yron-Jackson 

NWer of uni t s  
Capacity, gpm 
Dynamic head, ft 
&sign temperature, "F 
Motor speed, rpm 
Hotor pokzr, hp 
Sealing arrengemnt 

Material 
Type of s p e d  control 

NRnilfRcturer 

.̂_.. 
%test publictied infomation, ~ a y  1967, Nuclear wioee r i t l g .  

bTotal operation as of A p r i l  1965. 
CT~ts l .  as of September 1967. 

%at& operation, f a c i l i t y  alacmtinuea. 
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Fig. 1. Sodium Pumps, H a l l a m  N u c k m  Power Facility (From R e f .  5 ) .  



Fig. 2. Primary Sodium Pump Rotary Assembly, H a l l a m  Nuclear Power 
Facility. (Courtesy of Atomics International). 



bearing supported the  upper end of' t he  pump s h a f t .  Shaft  s ea l s  con- 

s t r a i n e d  o i l  from leaking i n t o  e i t h e r  t he  sodium system or t h e  atmosphere. 

A sodium-lubricated hydros ta t ic  bearing supported t h e  lower end of t he  

pump s h a f t .  The dr ive  motor w a s  loca ted  outs ide the reac tor  system 

primary containment. The sha f t  seals i n  the  pumps were a pa r t  of t h e  

system containment. No shaft-annulus gas purge w ~ t s  used with these purps, 

The pump and piping comprj-sing a system were preheated before  sodium w a s  

introCiuced. The preheating was accomplished with e l e c t r i c a l  r e s i s t a n c e  

hea ters ,  which were at tached t o  t h e  ex te r io r  of t he  sodium-wetted p a r t s  

of t h e  pump and piping. 

Each of t he  th ree  primary sodium pumps operzted for approximately 

20,000 hr, and each of t he  secondary pumps operated f o r  approximately 

l9,OOO hr. The speed-dependent operatzing par8meters f o r  both the  primmy 

and secondary pumps are presented i n  Table 4. 
I n i t i a l l y  t h e  sodium l e v e l  i n  the  primary pump casing dropped below 

normal when t h e  pump w a s  operated a t  flow r a t e s  above 60% of design and 

with the  system r e s i s t a n c e  t o  flow lower thm t h e  design value of 160 f t  

a t  7200 gpm.21 

various sodium leakages i n t o  t h e  pump casing were less than t h e  outflow 

rate, thus lowering t h e  sodium l e v e l  i n  the casing. The problem w a s  

resolved by plugging four  of t he  e ight  balancing holes i n  t h e  impeller,  

which reduced the  flow rate out of t he  casing. 

Analyses and tes ts  ind ica ted  t h a t  t he  flow r a t e s  of 

The secondary pumps experienced binding of t h e  r o t a t i n g  element 

caused by heavy wearing of t he  c lose  running-clearance surfaces  on the  

impeller wear r ings ,  t h e  sodium-lubricated bear ing,  and t h e  impel ler  

r i m  and casing inner diameter, The d i f f i c u l t y  w a s  t r a c e d  t o  extraneous 

mater ia l s  i n  the  close running clearances and thermal d i s t o r t i o n  of t he  

pump casing. The successful  cor rec t ive  ac t ions  t h a t  were taken included 

f i l t e r i n g  t h e  c i r c u l a t i n g  sodium i n  a bypms loop, forced cooling the 

outer pump casing, and increasing t h e  running clearances of both the  

upper and lower w e a r  r i ngs .  

A prototype of t h e  H a l l a m  pimlp$2was operated f o r  800 hr at  tem- 

p e m t u r e s  of 350-1000°F, speeds of 227-1135 rpm, and f l o w s  up t o  9000 

gspm * 
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Sodium Pumps f o r  t h e  Experirrental! Breeder. Reactor-2 -~ - -.-- 

The EBR-2, an experimental fast breeder r eac to r  designed for 62*5 

M v ( t ) ,  uses two cen t r i fuga l  puxps i n  t h e  primary sodiurn system (Fig .  3) 
and ail ac  Linear inductfon punq~ In t h e  second-ary system. T'ne uppcr end 

of t he  primary pilinp s h a f t  i s  support.ed b y  the motor hearings,  and 3hc 

lower end i s  supported by a sodium-lGbricated hydros ta t ic  bearing. Ti>e 

motor i s  enclosed i n  a hermtiic: *~esse l ,  which i s  pnrt  of t h e  r e a c t w  eon- 

t a i rncn t ;  and i t  i.c, protsc ted  f r o m  t h e  in t rus ion  of sodiim vapor by 3 

purge of argon gas t h a t  flows domward through close running clearances 

i n  t h e  pump s h a f t  annulus a 
rl hhe primary pumps are Located within t h e  primary v e s s e l  and are 

preheated t o  250-275"F by tubular  r e s i s t ance  hea ters  a t tached  t o  the 

core tank. 

Each of t h e  two primary sodium pumps hss  been opersted f o r  12,000 

hr. During i n i t i a l  operatio:] the  pump s h a f t  rubbed aga ins t  tine sha f t  

l aby r in th .  

pump shafts tha'; had been subjected t o  proper stress-relief heat  treat  - 
ment. I n  addi t ion,  t h e  l abyr in th  r a d i a l  running clearance w a s  increased 

from 0.017 t o  O.l;29-in. 

This  problem w a s  resolved s a t i s f a c t o r i l y  by i n s t a l l i n g  new 

One pump would not restart  i n  a normal fashion following c3, shutdown 

t h a t  occurred after blcO0 h r  operat ion.  

sented a "spongy" f e e l ,  as might be caused by a sodium oxide bui l3up .  

The pimp w a s  r e s t a r t e d  after t h e  s h a f t - i a p e l l e r  assembly w a s  r a k e d  

s u f f i c i e n t l y  with t h e  s h a f t  drawbolt t o  f ree  i t  

Manual movement of the  sha f t  pre- 

A prototype ~ u m $ ~  was operated fo r  16,000 hr during sodium purnp 

development t es t s  a t  temperatures up t o  900°F, speeds up t o  1750 gpm, 

znd flows up t o  6500 gpm, 

Sodiun Pump f o r  t h e  Enrico Fermi Reactor 
l__l 

T'riis fast  breednr r eac to r  designed for 430 M w ( t )  requires th ree  

s o d i m  pimps (F ig .  4)  i n  t h e  primary system and t h r e e  sodium p:imps 

(Fig. 5 )  i n  t h e  seccndary systern. Faeh prirriary pmP has two sodium- 

l ub r i ca t ed  hydros ta t ic  bear ings,  end each seconda?i.y pvmp has only o l e  

such bear ing.  The upper end c9f the primmy pxmp s h a f t  i s  a t tached  t o  
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Fig. 4. Psrimary Sod.iwn Pump E m i c u  Fermi Pas% Reactor 
(From K e f .  APDA- 124, Januavy 195’3 . 



S f t  6 i n .  
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Fag. 5 .  Secondary Sodium Pump, Enrico Fermi Fast  Reactors, 
(Courtesy of Atomlc Pover Development Associates) . 



t h e  motor s h a f t  by a 

(Fi.g. 4 ) .  The upper 

and t h e  sha f t  weight 

d r a w  b o l t ,  and a s h a f t  s e a l  i s  loca ted  a t  t h e  junct ion 

end of t he  secondary p m p  shaft has two s h a f t  seals, 

i s  supported by a comDination r a d i a l  and t h r u s t  b a l l  

bearing (F ig  e 5 ) .  

t o  t h e  bui ld ing  atmosphere frcn the  gas blanket that covers t h e  sodi1-m 

l i q u i d  sur face .  'Tie punips and piping are prekieat,ed t o  400°F before they 

are f i l l e d  with sodiuni. The primary piping, loca ted  in s ide  tlrie contain- 

ment vessel, has e l e c t r i c a l  r e s i s t a n c e  ?ieat;er's a t tached t o  it f o r  pre-  

heat ing.  Tne primary punip tank, t he  r e m i n d e r  of' the  primary piping, and 

t h e  secondary pumps and piping arc p?-eheated with induction heatem" 

The th ree  primary pumps were operated f o r  approximately 26 000, 

The sbaff, sea ls  pl-event t h e  escape of the i n e r t  gas i;i- 

27,000, and 28,500 h r ,  respec t ive ly ,  at t e m p e r a t u e s  of 400-750"F and 
flows up t o  1.1,800 gpm. 

mately l7,OOO, l9,OOO, and 23,000 hr ,  respec t ive ly ,  a t  temperatures of 

400-750"F and flows up to 13,000 gpm. ???e pmnps have operated without 

d i f f i c u l t y  except f o r  t h e  per iodic  replacement of sha f t  seals. Sea l  l i f e  

i n  the  primary pumps has been l i m i t e d  to about s i x  months' operation 

owing t o  excessive wear r e s u l t i n g  from a l ack  of concent r ic i ty  between 

the  seal faces  and t h e  use of Fluorolube ( a  fluorocarbon lub r i can t )  that 

has pool-er l u b r i c a t i n g  q u a l i t i e s  then axe des i red .  !&e concent r ic i ty  

problem i s  being corrected by redesign of t h e  scals, The s e l e c t i o n  of 

Fluorolilbe w a s  based on t h e  fctct t h a t  t he  intriisj-on of hydrogenous nate- 

rial i n t o  t h e  sodium system was not permissible.  

The secondary pumps were operated for approxi- 

The primary pumps were removed from t h e  system one6 to f a c i l i t a t e  

replacement of check valves loca ted  i n  t h e  pump discharge.  The pump 

i n t e r n a l s  were inspected at  t h a t  t i m e ,  after t h r e e  yea r s '  immersion i n  

sodium and TOO0 hr  operation, and they appeased t o  be i n  exce l len t  con- 

d i t i o n  

Development Sodium Fump f c r  t he  W A  Prototype Fast  Reactor 

A cer i t r i fugal  sump pump (F ig .  6) i s  being developed for the PFR by 
the UKaEA Reactor Engineering Laboratory, R i s k y ,  England. The pump 

sha f t  i s  supported at i t s  lower end by TZ sodium-lubricated hydros ta t ic  

bearing and at i t s  upper eiid by two opposed t a p e r - r o l l e r  bearings,  
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BEARING -- --__ 

PUMP SHAFT -1 - -- 'f I f 1 46 f t  5 in. LQNG 

-*----IMPELLER 

Fig. 6 .  Development Sodiun XzUnp, UKlEA Prototype Fast, 
(From Ref. 9) .  

Re ac t  01' 



which are o i l  l ub r i ca t ed .  Shaft  seals a r e  appl ied t o  t h e  bearing a t  the  

upper end of t he  sha f t  t o  constrt*iIi the  l u b r i c a n t  from leaking i n t o  t h e  

atmosphere o r  the sodium system. The r a d i a l  force  t h a t  a c t s  on t h e  i r n -  

p e l l e r  i s  minimized by dischai-glng sodiurn at four symmetrical por t s  

around t h e  d i f f u s e r  casing,  Die 3-mpeller i s  of the  mixed fl_ov type. 

The pump i s  driven by a. 475-hp, &c comu%atm moC,o1", which i s  contl-02led 

with an induction r e g u l a t o r  and i o  capable o f  continuous speed veria-tion 

between LO and 100% of desjgn speed, 

Eie pump tank and loop are surrounded by a mild steel  jacke t  t h a t  

forms an annulus f o r  t he  purge of hot o r  cold a i r  f o r  preheating o r  cool- 

ing. The jaxket also serves as secondary containment t o  provide protee- 

tton i n  the  event of sodium leakage, A i r  i s  heated by fFnned e l e c t r i c a l  

r e s i s t a n c e  h e a t e r s  and is c i r c u l a t e d  through t he  annulus t o  provide pre- 

heat  t o  bo0 "P s 

This pump has operated s a t i s f a c t o r i l y  f o r  7000 hr and w a s  removed 

from tes t  twice f o r  inspec t ion .  It w a s  subjected t o  300 starts and 

s tops and has been operated a t  speeds between 10 and LOO$ of design 

values at sodium temperatures up t o  750"F, 
leakage pas t  t h e  s h a f t  seals decreased from 1 t o  - 0,P c$/hr .  

Dwing operat ion the  o i l  

During disassembly some d$f ' f icul ty  w a s  encountered in loosening 

f lange b o l t s  and i n  separat ing the  faces  of f langes t h a t  had been immersed 

i n  the  sodium. It was necessary t o  heat  these  components above t h e  melt- 

ing  point  of sodium t o  perform t h e  loosening and separat ion;  however, t h e  

surfaces  of t he  components showed no signs of d i s t r e s s .  The pumps f o r  

t h e  PFR w i l l  be suppl ied with provisions f o r  jack  bolt,s t o  assist i n  the 

separat ion of f lange  faces .  Also, an impel ler  with double e n t r y  i s  being 

considered t o  provide a g r e a t e r  w r g i n  f o r  c a v i t a t i o n - f r e e  operat ion,  

Sodium Pumps for t h e  Rapsodie Reactor 

These pumps (see Table 2 f o r  design cor?_ditions) are similar t o  t h e  

EBR-2 a,rd Fermi pumps i n  many aspects," 

the arrangement of the dischas-ge and suction t h a t  e l iminates  t h e  com- 

p l e x i t y  of t h e  discharge manifolding, and. %he arrangement of  the  s o d i m -  

l u b r i c a t e d  hydros ta t ic  b e a r i r g  t h a t  has $he sodium supplied t o  pockets 

The important d i f fe rences  are 
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on -the journal  r a t h e r  than on t,he besr ing s leeve.  A cross sec t ion  of 

the pump i s  shown i.n Fig.  7. Tne sha f t  i s  supported by two bearings: 

t h e  sodium-lubricated bearing (-mentioned above) loca ted  j u s t  above t h e  

impeller,  and an upper r o l l e r  bear ing t h a t  cons is t s  of two t h r u s t  races  

pl-aced j u s t  be1 -0~  -tile inotor coupling I The la t ter  bearing i s  lub r i ca t ed  

with o i l .  Means are provided for purging helium through a 1abyri:ith 

s e a l  around t h e  sha f t  t o  prevent d i f fus ion  of sodiux vapor along 'che 

s h a f t .  The pump tank coritains a shea,th casing of s t a i n l e s s  s t ee l ,  through 

which hot  ni t rogen -is c i r cu la t ed  for prdiea t ing  . 
The experience as of Apri l  1965 consis ted of approximately 12,000 h r  

operation each f o r  t h e  primary end secondary pumps. They have been oper- 

a t ed  a t  temperatirtes up t o  1022°F and a t  flows of approximately 2000 gpiii., 

Operation with the  secondary pump ha,s been with UaK r a the r  -than sodi-um. 

The main d i f f i c u l t i e s  experienced with t h e  ~UIIIPS have been with 

defec t ive  operat ion of t,he hydros ta t ic  bezrings . Adjustments have been 

made i n  clearances and t h e  length-to-diameter r a t i o .  I n  the case of 

clearances,  it has been necessary t o  increase t h e  clearance.  Other d i f -  

f i c u l t i e s  were experienced with defec t ive  operation o f  the  check valve i n  

the  discharge l ine,  contamination i n  -the form of oxides, and t h e r m 1  d i s -  

t o r t i o n s .  Problems t h a t  had t o  do with vortexing and gas entrainment were 

found and so lu t ions  w e r e  provid.ed during water t e s t s .  

Sodium F'umps of t h e  2000 kw Sodium Test Facili-Ly - a t  W L  

l"ne Sodium T e s t  Fac i l i t y , I2  which LA9L operated, contained two s o d i m  

c i r c u i t s ,  each of whtch used a v e r t i c a l  cen t r i fuga l  pump (F ig .  8) for c i r -  

cu la t ing  t h e  sodium. These p u ~ p s  were two-and four-stage pumps with the 

s h a f t s  supported. by th ree  sodium-lubricated hydrodynamic bearings and an 

o i l - lub r i ca t ed  bearing., 

t he  primary pump and approximately 9 1/2 f t  on the  secondary pump. 

impellers are loca ted  jus?; above a sodium-lubricated liydrodynamic bearing 

t h a t  supports the  s h a f t  a t  k h e  lower end. The o ther  two sodium bearings 

are separated by jb5-in. on the  primary and 3)1--in. t h e  secondary, and 

they are above the impel lers .  The o i l - l ub r i ca t ed  bear ing i s  near t he  

upper end of t h e  s h a f t .  It C O l ~ i S i . S t s  of' 2 duplex p a i r  of b a l l  bearings,  

The shaf-t lengths  are approximate1.y 10 1/2 f t  on 

The 
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Fig. 8 .  Primary Pwnp for  Sodium Test Facilj- ty (LASL). 
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moknted back t o  back. Shaft  mechanical seals are used t o  contain the  

o i l  e 

The pumps se rved  very satisfcctori2.y throughout the liPe of t h e  

f a c i l i t y .  

t o  850°F, and t h e  secondary pump opercled 13,474 hr at temperatures up 

t o  550°F. 

Tfle primary punp operahed f o r  11,930 h r  at temperatures up 

The pump design c h a r a c t e r i s t i c s  are l i s t e d  i n  Table 3 .  
Tfie o i l - l u b r i c a t e d  shaft seals performed well w i t h  an o i l  liaakage 

rate of 1-5 CII? /day*'" 

sha f t  s e a l  on the  primary pimp w a s  replaced with a h e l i m - l u b r i c a t e d  

seal. 

after 1-50 h . ~  of operation. Modifications w e r e  made and the  seal w a s  

re turned t o  serv ice .  

operation the  s e a l  f a i l e d  and. again leak.ed helium e x c e ~ s i v e 1 y . l ~  

program was then discontinued. 

After L0,700 fir of operation, t h e  o i l - lubr ica ted  

The helium consumption due t o  leakage was u n s a t i s f a c t o r i l y  high 

The leakage r a t e  w a s  LO scf/day. A f t e r  1030 h r  

Tne 

Molten-Salt Pump Operated a t  ORgL 

This pump,2o Fig. 9, i s  similar t o  t h e  sodium pumps; but it i s  

smaller .  The pump sha f t  i s  supported a t  the  lower end with a mol-ten- 

s a l t - l u b r i c a t e d  hydrodynamic journal  bearirig and a t  t h e  upper end by an 

o i l  l u b r i c a t e d  b a l l  bearing The s leeve of Lhe molten-salt-l l lbricated 

bearing i s  gimbals mounted, S b f t  s e a l s  are appl ied t o  the  upper bear-  

ing region t o  prevent leakage of oil. t o  t h e  atmosphere o r  t o  the  molten 

sal t .  The pump i s  dr iven with an e l e c t r i c  motor mounted i n  the  ambient 

atmosphere. The pump tank and loop are preheated t o  1200'F before they 

are f i l l ed .  with molten sa l t .  Preheating i s  provided by e l e c t r i c a l  

r e s i s t a n c e  h e a t e r s  a t tached  t o  t h e  pump tank and piping. 

A summary of the  operating experience with t h i s  pump i s  presented 

i n  Table 5. It became evident during the  e a r l y  development t e s t s  t h a t  

t h e  I-ubricant f low path t o  the  bearing w a s  i nadeqwte ,  and t h a t  the 

r i g i d  bearing support used at t h a t  t i m e  w a s  probably being d i s t o r t e d  

s u f f i c i e n t l y  t o  cause o r  t o  a i d  i n  the s h a f t  se izures  t h a t  h a l t e d  the  

first three t e s t s .  TkLe I.ubricant flow path into the bear ing was improved 

by removing a, flow r e s t r i c t , i o n  between the  pool  of m l t e n  sa l t  i n  the  

pump tank arid t he  annulcar entrance t o  the  bear ing ,  The bearing was 
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Bearing ( ORNL) . 
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mounted i n  a gimbals arrangement to decouple it f?-om thermal d i s to r t ions  

t h a t  might be experienced du-i.ing 1ii.gh-temperature operatTon. 

Three tes ts  w e r e  made with .‘;his bearing configuration, i.n which. t he  

pump w a s  operated approximately 13,600 hr  and was subjected t o  200 stsrt- 

s top  operat ions.  The longest run of 12:500 h r  and 100 s t a r t - s t o p  cycles 

was terminated when t h e  bearing showed s igns of s1igh.t rubbing. During 

t h e  short period. between each pimip s t o p  and the subsequent res tar t :  Z;he 

puip sha f t  was ro t a t ed  by hand t o  check for t a c t i l e  s igns  of rubbing be- 

tween the  bear ing s leeve and journal .  

Two addi t iona l  atterripts t o  operate the  pump with new bearings were 

ha l t ed  by bearing se izure .  We be l ieve  t h e  se izures  r e su l t ed  from the  

loosening of fulcrum pins i n  the  gilrioaJ-s mount. A rev is ion  - to  the  gim-” 

bals design t o  prevent t h e  loosening of these pins w i . 1 1  be t e s t e d  i n  t h e  

near future. 

Large Reac-tor Sodium Pump Proposed f o r  Development by USAEC 

Westinghouse and Byron-Jackson are developing conceptual- designs 

f o r  a sodium pump of apgroximately 60,000 gpm capaci ty  f o r  t h e  fast, 

b reedw reac tor  program under USAEC cont rac tua l  arrangements a AP e a r l y  

conceptual design (Fig. LO) shows the e l e c t r i c  dr ive  motor coupled t o  

t he  v e r t i c a l  pump s h a f t .  The s h a f t  extends dowriward from t h e  f l o o r  

l e v e l  through f ive  feet  of shielding i n t o  tile pump tank.  The lower end 

of t he  sha f t  i s  supported i n  a sodium-kbricated bearing locs.ted above 

the  pump impel ler .  The upper end of the sha f t  i.s supported i n  an o i l -  

l ub r i c s t ed  bearing loca ted  above t h e  floor- level .  The sodium p o d  i s  

blanketed with a3 i n e r t  gas a t  pressures  ranging from 5 t o  50 ps ig .  A 

sha f t  seal loca ted  close t o  t h e  upper bearing preveats  t h e  leskage of 

t h e  blanket  gas t o  t h e  atmosphere. 

The pucr~p ro tspy  el-ement , including -tile double suct ion impeller,  can 

be withdrawn v e r t i c a l l y  from t h e  pump tank by persome1 working at  flooi- 

l e v e l .  The overa l l  length of the ro t&ry  element i s  45- f t ,  arid i.ts diameter 

i s  approximately f i v e  fee t .  Raffles are appl-i.ed t o  minimize the  forna t ion  

of vortexes i n  t h e  sodium pool by the r o t a t i n g  s h a f t  and t o  i-cdaee both 

the  convecbive heat  t r a n s f e r  and the d i f fus ion  of s o d i m  vapor i n  t h e  

blanket  gas region. 
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CONCEPTUAL DRAWING 
OF A 6000 HP FREE SURFACE 
SHAFT SEALED SODIUM PUMP 

Fig. 10. Large Sodium Pump Concept 
USAEC (From Ref. 19). 

Proposed f o r  Developnent by 
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Short -Shaf t Pumps 
__1111-7---.1 

The dist , inguishing f ea tu res  of t he  shor t  -sha.ft pump are the  shor t  

d i s tance  between t h e  sha f t  suppoi% bearings and t h e  overhung impel le r .  

This pimp vas iised i n  the  SEE and. has been. a.ppl.ied extensively by the 

Reactor Division of ORNJ,; howevtar, t h e  capac i t ies  of the va.ri0u.s models 

are smal1.e:: than t h e  requirements for proposed. mol-ten-salt breeder 

r eac to r s .  At OWL, t h e  pumps have been used i n  t h e  Aircraf t  P,ea,ct,or 

Experiment2" and. i n  t h e  MSRE o3 Y They have Z ~ S G  been used. ext.F:nsive?.y 

i n  metall-urgica.l development programs a.nd i n  heat, t r a n s f e r  and heat  ex- 

changer devel-opment t e s t s  ' 

The SEE sodium pumps used a. packing type seal (sodium Yreeze sea.!.) 

t1ia.t separated the  sodium from t h e  atmosphere; whereas, t h e  ORNL pumps 

have the  impeller and volute  submerged- i n  a vessel. t h a t  sm.-iies as am 

expansion tank i n  which the re  i s  a, l i q u i d - f r e e  s u r f m e  Oil-lubricated.  

s h a f t  s e a l s  ase used t o  rnaint3.k an i n e r t  a,tmosph.ere on -(;he I.iqu.id.-fr.ee 

surface a.nd t o  contain t h e  oil.. 

Sodium Pumps f o r  the SRE -- -I--.-- ______I_ 

The SRE i s  a 20 M w ( t )  sodium-cool-ed nucl-ea.r pow,,. 0- r e a c t o r  with 

heat  t r a n s f e r  and. s e rv i ce  systems and a s t e a m  p l a n t ,  The heat  t r a n s f e r  

system cons i s t s  of a primary sodium loop t h a t  cools t h e  r eec to r  a n d  

del-ivers heat  t o  a secondary sodium loop.  T'ne secondary loop hea ts  t h e  

steam operat ing system. The primary sod.iurfl fl.ow passes through t h e  reac-  

t o r  and. t he re fo re  becomes radi .cact ive,  while t h e  secondary system i s  non- 

rad ioac t ive .  An a u x i l i a r y  heat  t r a n s f e r  system, comprised. of primary and 

secondary sodium loops, i s  provid-ed t o  remove "a.fter glow" heat  during 

r eac to r  shutdown o r  during a f a i l u r e  of t h e  maj.n system, 

Each of t h e  four  heat  t r a n s f e r  1-oops contained- a sodium pump, which 

w a s  n rmdified. ho t  process pump sirnil-ar t o  those used i n  r e f i n e r i e s .  Tfle 

pr inc ipa l  modi f ica t ion .s  consis ted of v e r t i c a l  mounting and. t he  addi t ion  

of sodi.um-freeze seals on. the s h a f t  and t h e  casing.  The primary pumps 

d i f f e red  from t h e  secondary pimps i n  t h a t  they  hao'. t h e i r  shaft and casing 

extended t o  remove t h e  d.rive u n i t  t o  a s a r e  operat ing zone, The sha f t  
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f reeze  s e a l  replaced t h e  cofiventional type packing. 

earlier used t e t r a L l n  as a coolant arid la ter  dsed NaK, sodium f reezes  

around t h e  s h a f t  t o  provide a s e d .  The e a r l i e r  pmps used o i l - lubr ica ted  

bearings t o  support t h e  shaft. In  l a t e r  models the  lower bearings were 

replaced by grease-lubrtcsted bearings t o  minimize the  p o s s i b i l i t y  of 

hydrocarbon leakage i n t o  the sodi1.m system, Tne main system pwps w e  

shown i n  Fig. 11. The ~ u l l l a r y  pimps nwe s imi l a r ,  byi t  t h e i r  capaci ty  

i s  reduced by t h e  use of reduced dfme+,er impel lers .  

I n  t h i s  seal, which 

The pimps served t o  c i r c u l a t e  coolant sodium i n  the  SRE f o r  a 

cumulative period of 37,000 h r  a t  coolant temperatures of 285-1030~~ 
and a t  flows of 600-1600 gpm. 

pumps w e r e  assoc ia ted  with the  f reeze  s&Ls, which were responsible  f o r  

s h a f t  binding, sodium extrusion,  and gas inleakage. I n  view of these  

problems, d i f f e r e n t  pump concepts were used i n  t h e  sodium pumps for t h e  

ENPF (discussed i n  a previous s e c t i o n ) ,  

The mir: problems encountered with the  

General Description of ORNL Pumps 

The v e r t i c a l  pump s h a f t  (Fig.  12) i s  supported at two places  with 

o i l - l u b r i c a t e d  bearings separated by about LZ 3/8-in. and m u t e d  i n  a 

bearing housing. The impel ler ,  which i s  mounted on the pump shz f t  about 

26 1/4- in .  below t h e  lower skiaft bearing (i .e I, overhung) 

casing, or  volute ,  are immersed i n  a pool of t h e  working f l u i d  i n  t h e  

pump tank,  The dr ive  motor i s  mounted d i r e c t l y  above and i n  

t h e  berzrir8 housing and i s  connected t o  t h e  pump s h a f t  through a flexible 

coupl-ing 

and t h e  pump 

Shaft  seals are used t o  rniriiraize t h e  leakage of t h e  o i l  t o  t h e  

ztmosphere and t o  t h e  pumped f l u i d  and a l s o  t o  prevent the  leakage .>f 

i n e r t  gas from the  pump tank.,  A blanket of ir,ert gas covers t h e  f r e e  

surface of t he  working f l u i d  i n  the pump tank t o  pro tec t  t he  fluLd from 

air and moisture contaxination. Purge gas is used to scavenge seal oil 

leakage arid t o  remove f i s s i o n  products i n  r e a c t o r  pump appl ica t ions .  

R u n n i n g  clearances between the rotating shaft and impeller and t h e i r  

respec t ive  matching s t a t i o n a r y  surfaces  accommodate r a d i a l  sha f t  d-eflec- 

t i o n  and axial  d i f f e r e n t i a l  thcmrrial expansion. Prekeat i s  provided i n  
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most cases with e l e c t r i c a l  r e s i s t m c e  hea ters  which are a-tt,ached t o  t h e  

pump tanks arid p i p h g .  ,USG, where possible ,  t h e  p~irnys ere ro t a t ed  t o  

c i r c u l a t e  helium and t o  br ing  t h e  system container m a t e r h l  t o  near 

isotherma.1,. conditions a 

The design parameters f o r  these  pumps used i n  the  Reactor Division 

at OR1\sL are presented i n  Table 6.  

t he  e a r l y  LFB pumps -to J-200 -to 1600 gpm f o r  t h e  lat ,er  MSRE and PKP pumps, 

and t h e  pump 1iead.s range up t o  )+OD ft. 

and the  t o t a l  operat ing t i m e  f o r  each pamp model w e  a l s o  presented. 

Table '7 provides a list; of those pumps t h a t  were operated foy periods i n  

excess o f  one year .  

The capac i t ies  range from 5 gpm for 

The racge of operating tempertitures 

MFi.F, Fuel- and Coolant S a l t  Pumps -- -- 

Both of t hese  pwnps, which a r e  operating i n  t h e  MSRE, a , ~  shor t  

shaft sump pumps; and i n  external. appearance they are near ly  i d e n t i c a l ,  

The hydraul ic  designs of t h e  volutes and impel lers  and the  pump opemLing 

speeds d i f f e r ,  as se t  f o r t h  i n  Table 6 .  

The i n e r t  gas i n  t h e  f u e l  sa l t  pump performs funct ions ad.ditiona.1 

t o  t h a t  of pro tec t ing  t h e  s a l t  from contan.iination. A flow of inert .  gas 

introduced a t  ax1 intermediate point  i n  t h e  pum.p s h a f t  annul.us (FTg. 12) 

is used (1) t o  scavenge o i l  t h a t  l eaks  past the  lower s h c f t  seal  i n t o  

t h e  catch bas in  ( o i l  i s  ca r r i ed  Trom t h e  pump t o  an ex te rna l  tank);  

( 2 )  t o  prevent the d i f fus ion  of ra ,dioact ivi ty  from t h e  pump tank gas 

space t o  the  region of the lower s h a f t  seal; ( 3 )  t o  s t r i p  Xenon-135, 

p r inc ipa l  poison of t he  therma.1. ncutroii chai.n reac t ion ,  froni a spray of 

sa l t  i n  the  pump tank; and ( 4 )  t o  d i l u t e  and transpor-t  the  poison t o  an 

externa l  charcoal t r a p  system. 

The MSRE pumps have been operated a toLai o f  more than 21,000 h r  

i.n the r eac to r  and were previously subjected t o  approximately 5000 hr 

operation during var ious hot  shakedown t e s t s  i n  a prototype pump t e s t  

f a c i l i t y .  Also ,  a prototype pump w a s  o-perated nez.rl.y 9,000 h r  during 

various development t es t s  

The principal- d i f f i c u l t i e s  t h a t  were resolved dur ing  development 

o f  the MSHE pumps included sha f t  se izures  and excessive o i l  leakage 
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Table 7. hhdurance Opera-t,ion of 
Short  %aft Sump Pumps at ORDL 

Model 

D u r  a t  ion 
of 

Numb e r 
Of 

Units 

Working 
Fl.uid Test 

(hr) 

LIB 

LFB 

LFB 

MF 

PK 

PK 

MSRE Riel 

MSRE Coolant 

3 Molten S a l t  

1 Molten S a l t  

1 Molten S a l t  

1 Molten S a l t  

I NaK 

1 MolLen S a l t  

1 Molten S a l t  

1 Molten S a l t  

8,800 

20,000 

15 000 

25 7 500 

16 , 600 
9,700 

9 7 700 

1 1 f hoo 

pas t  t h e  lower s h a f t  seal. 

conditions caused a pump s h a f t  s e i zu re ,  when t h e  s h a f t  de f l ec t ion  ex-  

ceeded t h e  value of t h e  runni.ng clearance.  The running clearances were 

increased s u f f i c i e n t l y  t o  acconmodate t h e  off-design operating conditions.  

Sea l  performance h7as improved by reducing t h e  tolerances on t h e  concen- 

t r i c i t y  and pa ra l l e l i sm of the s t a t o r  f ace  o f  the s h a f t  seal  with res.per:t 

to t h e  r o t o r  f ace .  The f i n a l  machining operation on t h e  seal s t a t o r  i s  

performed i n  a l a t h e ,  using a f i x t u r e  designed t o  a t t a i n  t h e  required 

concentr ic i ty  and pa ra l l e l i sm.  

Operation of t h e  pimp at off-design capaci ty  

Several  i nc iden t s  of plugging i n  t h e  off-gas l i n e  from t h e  fuel. 

salt pump tank have occurred du-ring operztion of t he  MSRF. We be l i eve  

t h e r e  i s  a s m a l l  leakage of o i l  i n t o  the fuel sal t  pimp tank, and t h a t  

the  thermally cracked products are subsequent1.y polymerized. by radio-  

a c t i v i t y  i n  t h e  off-gas l i n e ,  p a r t i c u l a r l y  i n  small fl.ow-area configu- 

ra-tions ( e  .g. , needle valves,  c a p i l l a r y  tubes,  and gas f i l t e r s )  

spare r o t a r y  elements f o r  t h e  MSRE pumps have been modified t o  replace 

a gasketed j0j.n.t  with a seal w e l d  t o  reilimie what i s  thought t o  be the 

major source of o i l  leakage i n t o  t h e  pump tank .  

The 
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Experience iridi ca te  s 

plished,  t he  main sources 

and speed cont ro l  systems 

t h a t  a f t e r  pump development has been 

of d i f f i c u l t y  a r i s e  from f a i l u r e s  i n  

and from such drive motor components 

accom- 

e l e c t r i c a l  

as t h e  

e l e c t r i c a l  i n s u l a t i o n  system and the  r o t o r  support bear ings.  

PROBLEMS ANTICIPATED WITH LARGE PUMPS FOR 
MOLTEN-SALT BREEDEX RELAmORS 

Other than t h e  s h a f t  length,  t h e  primary configurat ion d i f fe rence  

between t h e  sho r t -  and long-shaft  pumps i s  the  means of supporting the  

s h a f t .  The shor t  sha f t  i s  usua l ly  supported with o i l - l u b r i c a t e d  b a l l  

bearings a t  two places  loca ted  r e l a t i v e l y  close toge ther .  A shor t  

separat ion d is tance  i s  provided between the  elevated temperature work- 

ing f l u i d  and the  thermal and r a d i a t i o n  s e n s i t i v e  pump components i n  

t h e  bearing housing and d r ive  motor. The long s h a f t  i s  supported a t  

i t s  lower end with a pumped f l u i d - l u b r i c a t e d  bearing and a t  i t s  upper 

end with a conventionally l u b r i c a t e d  bearing. These two bearings are 

widely separated.  A long separat ion i s  provided between the  pumped 

f l u i d  and t h e  sens i t i ve  pump components. The two configurations d i f f e r  

s t rongly  i n  o ther  a reas :  t h e  dynamic response of t he  individual  r o t a t i n g  

components assembly, t he  kind of s h a f t  support bearings used, and t h e  

thermal and r a d i a t i o n  damage pro tec t ion  requirements. 

The molten-salt  pump requirements present ly  envisioned for t h e  MSBR 

and t h e  MSBE a r e  l i s t e d  i n  Table 8. 

i s  made on t h e  bases of t h e i r  d i f fe rences  and the  problems a n t i c i p a t e d  

with t h e i r  appl ica t ion  t o  t h e  pumping requirements f o r  t h e  molten-salt  

thermal breeder r eac to r s .  The p r i n c i p a l  technology problems include 

(1) dynamic response of t he  r o t a t i n g  components assembly, ( 2 )  bearings,  

(3 )  thermal and r a d i a t i o n  damage pro tec t ion ,  (4) sha f t  s e a l s ,  ( 5 )  hydrau- 

l i c  design, and (6 )  f a b r i c a t i o n  and assembly. 

A comparison between t h e  two pumps 

Dynamic Response of t he  Rotating Components Assembly 

The dynamic response of t h e  r o t a t i n g  components assembly (which i s  

comprised of t h e  s h a f t ,  d r ive  motor, impeller,  and bearings)  and t h e  
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Table 8. Pumps f o r  Molten-Salt Breeder Reactors 

Fuel Blanket Coolant 
- 

2225 M W ~  MSBR 

Number required 

Design temperature, "F 

Capacity, gpm 

Head, T t  

Speed, rpm 

Specif ic  speed, 

N E H ,  required,  f t  

(Net Pos i t ive  Suction Head) 

Impeller input power, hp 

Distance between bearings,  f t  

Impeller overhang, f t b  

NS 

b 

150 M W ~  MSBE 

Number required 

Design temperature, "F 

Capacity, gpm 

Bead, f t  

Speed, rpm 

Specif ic  speed, N 

NPSH required,  f t  
(Net Pos i t ive  Suction Read) 

Impeller input  power , hp 

Distance between beari.ngs, f t b  

Impeller overhang , f t b  

S 

4" 
I 300 

150 

1160 

2830 

25 

1.1000 

990 
29 

2.5 

1 

1300 

4500 
150 

1'750 

2730 

27 

410 
20 

2 

4" 
1300 

2000 

80 
1160 

2150 

8 

1 

1300 

5 40 
80 
1.750 
1520 

5 

61 
20 

2 

4" 
1300 

16000 

150 
1160 

3400 

32 

1440 

1.5 

5 

1 

1300 

4300 

15 0 

1-750 
2670 

26 

390 
1 . 5  

5 

a 
One pwfip i s  required f o r  each of t he  four modules i n  

t he  MSBR. 

bEstirnated from preliminary pump layouts .  



pump casings must provide rlibrati.cn amplitudes t h a t  are s u f f i c i e n t l y  low 

t o  be t o l e r a b l e  t o  t h e  sha f t  support bewings  and seals,  and pump s t ruc -  

ture throughout t h e  e n t i r e  range of cperat ing speeds. I n  t h i s  respect  

t he  long sha f t  presents  t h e  mcre c r i t i c a l  problem. 

A preliminary layout  of the MSBR f u e l  salt  pmip ind ica t e s  & sha f t  

length of apppoximCtely 35 -Tt TOY" L ? S ~  with the oven ticusing concept. It 

may be necessary t3 cperate  t h i s  pump s u p e r c r i t i c a l l y ,  i . e . ,  a t  design 

speed above t h e  f i rs t  s h a f t  c r i t i c a l  frequency, i n  con t r ad i s t i cc t ion  t o  

t h e  usual  p rac t i ce  of s e t t i n g  th-e design speed a t  approximately tb ree -  

quarters  of t h e  f i r s t  s h a f t  c r i t i c a l .  Mathematical analyses can now be 

mde of t h e  dynamic response of s u p e r c r i t i c a l  s h a f t s .  The usual  closed 

so lu t ions  and graphica l  appmximation methods f o r  ca l cu la t ing  s h a f t  re- 

sponse have been augmented during t h e  pas t  f e w  years with sophis t ica ted  

computes programs. These programs have been expanded t o  permit computa- 

t i o n  of t h e  dynmic response of s u p e r c r i t i c a l  s h a f t s .  

The newness of operating long s u p e r c r i t i c a l  s h a f t s  and ca lcu la t ing  

t h e i r  dynamic response i n v i t e s ,  i f  not requi res ,  p roof - tes t ing .  Uthough 

it would be most s a t i s f a c t o r y  t o  simulate t h e  f u l l - s c a l e  s u p e r c r i t i c a l  

s h a f t  system, s tudy may ind ica t e  the  f e a s i b i l i t y  of proof- tes t ing with 

redlaced-scale models. Because of these  problems, add i t iona l  s tud ie s  w i l l  

be m d e  of t h e  r eac to r  c e l l  l ayout .  It may be poss ib le  t o  reduce s h a f t  

l ength  s u f f i c i e n t l y  t o  permit s u b - c r i t i c a l  operat ion of t h e  MSBR fuel 

cvld blanket  sa l t  pumps. 

The shor t - shaf t  pump does not reqgire development of bearings,  and 

i t s  r e l i a b i l i t y  is enhanced by t h e  use of conventionally lub r i ca t ed  b a l l  

bear ings t h a t  have good long-term l i f e  based on l a r g e  s t a t i s t i c a l  sam- 
plings L1 

The long-shzft  pump configurat ion requi res  a molten-salt  l ub r i ca t ed  

The bearing guides t h e  journal bearing near t h e  lower end c€ t he  s h a f t .  

pump impeller i n  i t s  casing s o  t h a t  t he re  i s  no rubbing between these  

t w o  components. 

duce t h e  hydrodynamic lub r i ca t ing  f i l m  with molten salt ,  t h e  se l ec t ion  

of t h e  b e w i n g  mater ia l s  and the i r  form (hard sur face  coat ing o r  i n t e g r a l  

body cons t ruc t ion) ,  t h e  accommoiiation of d i fZerent ia1  thermal expansion 

The prc&lems incliide t h e  design of t h e  bear ing t o  pro- 

http://rlibrati.cn


i f  i n t e g r a l  body construct ion i s  used, and t h e  design of a bearing mount- 

ing arrangement t h a t  w i l l  acconmodate some thermal d i s t o r t i o n  between 

t h e  pump sha f t  and easing without i n t e r f e r r i n g  with the  lub r i ca t lng  fi lm 

i n  t h e  bear ing.  

The hydrodynamic design of process f l u i d  lubrica,ted bearings i s  on 

a firm foundation and no r e a l  problem i s  an t i c ipa t ed  with t h i s  aspect  

of t h e  design of molten-salt  bear ings.  However, t he re  are some i1.11- 

resolved questions about .tile hear ing materials afid t h e  mechanical design 

of t h e i r  attachment t o  the pump s t a t iona ry  element e 

Although approximately 30 Has-Lelloy-N vs Iiastelloy-N bearings ," 
which represent  a r e l a t i v e l y  sof t -on-soft  combination, were successfu l ly  

operated i n  molten sa l t ,  i:t i s  believed. t h a t  a hard-on-hard combination 

i s  a b e t t e r  choice f o r  molten-salt  systems. !The cemented carbides,  

which u t i l i z e  cobal t ,  n icke l  or  molybdenum binder ,  appear t o  be good 

candidate materials. They may be used i n  s o l i d  body form or appl ied 

t o  t h e  s o f t e r  container  material w i t h  plasma spray techniques t o  form a 

hard surface coating. A program t o  determine the  compatibi l i ty  and t o  

assess  t h e  appropriate  cha rac t e r i s t i c s  of t h e  se lec ted  besri-ng materials 

i n  molten sa l t  5s required.  

Thermal d i s t o r t i o n  of t h e  pump casing can have a de le te r ious  e f f e c t  

on t h e  alignment between journal  and bearing, which i s  s o  necessary t o  

t h e  s a t i s f a c t o r y  operation of t he  molten-salt  bearing. It appears t h a t  

a uniform temperature d i s t r i b u t i o n  i n  t h e  casing and a besri.ng mounting 

arrangement t h a t  w i l l  accommodate some d is tor t i -on  between sha f t  and 

casing must be provided. A program i s  required t o  proof- tes t  t he  f u l l -  

s ca l e  bearing and mounting arrangement i n  molten sa l t  and t o  simulate 

the  an t i c ipa t ed  s t a r t - s t o p  reyui.rements, thermal cycling, and endurance 

condi t ions.  

Thermal and Radiati.on Damage Protect ion _-- 

The r e l i a b i l i t y  of a sal t  pump for t h e  f u e l  and blamket s a l t  systems 

f o r  a molten-salt  breeder r eac to r  i s  s t rongly  dependent upon t h e  tempera- 

t u r e  and t h e  r ad ia t ion  dose t o  which the  conventional lubr icant  and dr ive  

motor components are subjected.  I'he long-shaft  pump provides a much 
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g r e a t e r  separa t ion  between t h e  s e n s i t i v e  components and t h e  sources of 

thermal and r ad ia t ion  damage than the  shor t  sha f t  configurat ion.  Very 

low r a d i a t i o n  dosage and gen t l e  temperature grad ien ts  a r e  expected f o r  

t h e  long-shaft  pump. 

Si-iaft Seals 

A s h a f t  s e a l  i s  required with e i t h e r  t h e  1013g- or  sho r t - sha f t  pump 

t o  maintain separa t ion  between t h e  lub r i can t  i n  t h e  upper s h a f t  bearing 

and t h e  molten salt  i n  t h e  pump tank.  I ts  design should be as simple as 

possible ,  cons is ten t  with convenient replacement of t h e  seal. The an- 

t i c i p a t e d  problems include (1) t h e  f ab r i ca t ion  of a bellows t o  accommodate 

the  requi red  pump s h a f t  diameter, {2) t h e  attachment of t h e  r o t o r  w e a r  

surface with respec t  t o  t h e  axis of sha f t  ro t a t ion ,  ( 3 )  t h e  attachment 

of t h e  s t a t o r  wear element t o  t h e  bellows t o  obtain a hermetic j o i n t ,  

( 4 )  t h e  assembly of t h e  s t a t o r  element t o  provide both squareness and 

concent r ic i ty  of i t s  w e a r  surface with t h e  a x i s  of  s h a f t  r o t a t i o n  t o  

c lose to le rances .  Although shaft seals proportioned f o r  3-in.-diam 

s h a f t s  have been operated continuously for more than  25,000 h r ,  a pro- 

gram t%o produce and t o  proof- tes t  s e a l s  for l a r g e r  diameter pump s h a f t s  

i s  required.  

&iraulic Design 

The salt pump capacit-fes f o r  t h e  MSBE and t h e  MSBR range from 500 

t o  16,000 gpm. 

volu te  casings i n  t h i s  capacilty range are ava i l ab le  i n  t h e  pump indus t ry .  

A l . Z i s  -C?lalmers Manxfacturing Company provided t h e  hydraulic designs and 

assisted a reputzble  founder t o  produce t h e  Hastelloy-N impel ler  and 

volu te  cas t ings  for t h e  MSRE f u e l  and coolant sa l t  pumps. 

The hydraulic: designs of impel lers  and d i f f u s e r s  or 

Fabri cat i on and A s s  ernb ly 

B o t h  t h e  long- and shor t - shaf t  pumps w i l l  r equi re  t h e  f ab r i ca t ion  
of l a r g e  pump impel lers  and diffusers or volute  casings from cas t ings  



or  weldments . R survey of U .  S . indus t ry  i s  being made t o  determine the  

influence of  t he  bes t  s ta te -of - the-ar t  f ab r i ca t ion  methods aiid qua l i t y  

controls  on t h e  design of long and l a rge  diameter sha.fts and casings.  

The r e s u l t s  of the survey w i l l  be used i n  making pump conceptual layouts  

and w i l l  be made ava i lab le  t o  pump manu€act,urers. 

long-shaft  pump components will req-uire 1 arge and 1 ong handling equip- 

ment and increased headroom i n  the  assembly and i n s t a l l a t i o n  areas. 

Sy cornparj son, ihe 

CONCLUSIONS 

A h i s t o r y  of' s a t i s f a c t o r y  operation makes t h e  sho r t  s h a f t  pump very 

a t t r a c t i v e  for appl ica t ion  t o  molten-sal t  breeder r eac to r s .  However, t h e  

proposed oven concept, mentioned pl-eviously for preheating and containing 

the  f u e l  and blanket  salt  s y s t e m ,  would impose stringen-l; cooling and 

r ad ia t ion  pro tec t ion  requirements f o r  tine pump. The punip would need t o  

be contained i n  a re -en t ran t  cell. supported from the ce i l i ng .  The c e l l  

would r e s t r i c t  a c c e s s i b i l i t y  t o  t h e  dr ive  motor and ro t a ry  element and 

would increase t h e  p u p  i n s t a l l a t i o n  problems. The r e l i a b i l i t y  of the 

purnp would depend d i r e c t l y  on the  r e l i a b i l i t y  of t h e  cooling system. 

However, t h e  appl ica t ion  of t h e  shor t - shaf t  pump t o  t h e  f u e l  and 

blanket  salt  systems would be a t t r a c t i v e  i f  t he  salt  system components 

were preheated individual ly ,  t h e  pump were provided with adequate l o c a l  

nuclear r ad ia t ion  shtelding,  and an ambient .tempel-ature below 200°F w e r e  

maintained i n  t h e  r eac to r  c e l l .  

Probably t h e  most des i rab le  pump configurat ion from the  viewpoint 

of t h e  r eac to r  designers and operators  i s  the  canned r o t o r  pump. This 

pump has no l imi t a t ions  on e i t h e r  o r i en ta t ion  or e leva t ion .  However, 

i t s  appl.ication t o  molten-salt  r eac to r s  would requi re  t h e  development 

or  invention o f  a rad ia t ion - re s i s t an t ,  high-temperature e l e c t r i c  motor. 

I-I; also would impose the necess i ty  f o r  long t e r m  maintenance of satis-  

f ac to ry  alignment between t h e  matching surfaces  of process- lubricated 

journal  and t h r u s t  bear ings.  'These problems appear t o  be d i f f i c u l t  and 

expensive to resolve . 
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We be l i eve  t h a t  

t h e  fuel and blanket  

the  long-shaft  pimp i s  the best  configurat ion for 

salt  oven cell. concept being considered f o r  molten- 

sa . l t  breeder  r eac to r s  became it provtdes the  g r e a t e s t  thermal and CucLear 

r ad ia t ion  pro tec t ion  t o  the dr ive  motor. The loca t ion  of t he  coolant salt 

pump near the c e i l i n g  of i t s  oven and the an t i c ipa t ed  low Level of radio- 

c8,ctivity mdce f e a s i b l e  the  applfcaticn OS the shor t - shaf t  pump t o  t h e  

coolant salt  system 

We acknowledge g r a t e f u l l y  the work and cooperation of t h e  ind iv idua ls  

md companies who contr ibuted t o  t h e  survey and the contr ibut ions of 

Orvi l le  Seim of Argonne Mationsk Ztaboratory, Norman Peters  of Atomic Power 

Development Associates,  and Robert Atz of Atomics In t e rna t iona l .  
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