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Company : 
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respect to the accuracy, completeness, or usefulness of the information contained 
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FOREWORD 

A gal l i n g  t e s t  was conducted t o  provide a  bas is  f o r  s e l e c t i n g  
a  mater ia l  f o r  t h e  Path f inder  b o i l e r  f u e l  element nozzle so t h a t  
g a l l i n g  o f  t h e  nozzle or  reac to r  g r i d  p l a t e  i s  precluded. The t e s t  
and eva luat ion  of r e s u l t s  are described i n  t h e  f o l l o w i n g  r e p o r t .  

The t e s t  was undertaken as p a r t  o f  t h e  research and development 
program f o r  t h e  Pathf inder Atomic Pawer Plant ,  which i s  a  66-mwe 
p l a n t  t h a t  w i l l  be owned and operated by Northern States Power 
Compan\r o f  Minneapol is.  The p l a n t  w i l l  be b u i l t  near Sioux F a l l s ,  
South Dakota and i s  scheduled t o  become c r i t i c a l  i n  mid-1962. 

Con t r i bu t i ng  t o  t h e  research and development program are t h e  
U. S.  Atomic Energy Commission and Cent ra l  U t i l i t i e s  Atomic Power 
Associates, a  group o f  t e n  midwestern p r i v a t e  u t i l i t y  companies. 
CUAPA members inc lude t h e  fo l lowing:  Centra l  E l e c t r i c  and Gas 
Company, 1 n t e r s t a t e  Power Company, l owa Power and L i ght  Company, 
Iowa Southern U t i l i t i e s  - - -  Company, Madison Gas and E l e c t r i c  Company, 
~ o r t h e r n  States Power Company, Northwestern Pub 1 i c  Serv ice company, 
Ot ter-Tai  l Power Company, S t .  Joseph L i g h t  and Power Company, and 
Wisconsin Pub l i c  Serv ice Corporat ion.  

Al l is-Chalmers Manufacturing Company i s  prime con t rac to r  f o r  
design and cons t ruc t i on  o f  t h e  p l a n t .  The p l a n t  w i l l  incorporate 
t h e  Cont ro l  led R e c i r c u l a t i o n  B o i l i n g  Reactor w i t h  In teg ra l  Nuclear 
Super heater.  



ABSTRACT 

G a l l i n g  t e s t s  o f  304, 17-4PH, and chrome-plated-304 
s ta in less-s tee l  nozzles wi-th 304 s ta in less-s tee l  sleeves 
were conducted a t  Path f inder  reac to r  cond i t i ons  o f  489 F, 
600 psig.  A hor izonta l  fo rce  was imposed on t h e  sleeve 
w i t h  t h e  nozzle inser ted ; -and- the  nozzle was moved a x i a l l y  
t o  determine gal l i n g  tendencies. G a l l i n g  was produced on 
both t h e  304 and 17-4PH s ta in less-s tee l  nozzles. The 
chrome-plated 304-sta in less-steel  nozzles were cyc led  
numerous t imes wil-hout g a l l i n g .  On t h e  bas is  o f  these 
tes ts ,  chrome-plated 304L-stainless-steel i s  t h e  mater ia l  
se lected f o r  t h e  Path f inder  b o i l e r  fuel-element nozzle. 
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I .  Nozzle-gal l i n g  t e s t  assembly 

2 .  Nozz l e-ga l l i ng t e s t  assenib l y 

3 .  Nozzle (304 SS) '  and sleeve (304 SS) a f t e r  gal l ing  t e s t  w i t h  no 
,hor i zonta l load . 

4. . ~ o z z  i e  ( 17-4PH SS) and s leeve '  (304 SS) a f t e r  gal.1 ing  t e s t  w i t h  
no hor izoita l load. . . 

5. . Nozz l e ( 17-4PH S S )  and s l eeye (304' SS) a f t e r  l i ng t e s t  w i t h  

165.- 1 b hor i zonta l l oad . 

. 6. Nozz l e (chrome-p l ated 304 SS) and s l eeve (304 SS) a f t e r  ga I I i ng 
. t e s t  w i t h  155-16 ho r i zon ta l  load. 

. . 
. . 

. . ' 7 .  N o z z l e  (chrome-Plated 3 0 4 , ~ s )  and sleeve: (304 SS) a f t e r  g a l l i n g  
. . t e s t  w i t h  290-lb ho r i zon ta l  load. 

. . 
8 .  Noiz l e  (chrome-p l ated 3 0 4  55) and sleeve (304 SS) a f t e r  gal l i.ng 
. t e s t  w i t h  268'- l b hor i zonta l l oad. ., 

. . 

9 .  . Nozz l e :( 17-4R-i SS) and sleeve (304 SS) a f t e r  ga l l i ng t e s t  w i t h  ., 

no hor i zonta I' load . . . 

. . 

. . 10.' . Nozz l e  ( 17-4PH SS) and s leeve (304 SS) a f t e r  ga l l i ng t e s t  w i t h  
300- l b hor i zonta l  load . 



The Path f inder  b o i l e r '  fuel-element nozzle cons is ts  o f  a hol low c y l i n d e r  w i t h  
. . -  . . . .. . - .. . . 

two lands which : f i t s  i n t o  a 304L s t a i n l e s s  s tee l  sleeve i n  t h e  reac to r  g r i d  
. - . ... . . . . .  

p l a t e .  Due t o  f l u c t u a t i o n s  i n  temperature and f low dur ing  reac to r  operat ion, 

t h e  nozzle may move up and down w i t h  respect  t o  t h e  sleeve. The verPical  

movement may be accompanied by a ho r i zon ta l  load due t o  t i l t i n g  o f  t h e  nozzle. 

~ h e r ' e f o r e ,  g a l l i n g  o f  sleeve and nozzle mater ia l  i s  poss ib le .  

Three mate r ia l s  otherwise s u i t a b l e  f o r  t h e  nozzle are  304, 1 7 - ~ P R ,  and 

chrome-plated 304 s t a i n l e s s  s tee ls .  I n  order t o  ensure t h a t  g a l l i n g  does 

no t  become a problem i n  t h e  opera t ing  reac tor ,  a t e s t  i s  necessary. 

2. OBJECTIVE 

Tests were conducted o f  nozzles made o f  304, 17-4PW, and chrome-plated 304 

s t a i k l e s s  s t e e l s  t o  determine t h e  mater ia l  and sur face f i n i s h  which would 

r e s u l t  i n  m i  n  imam gal l i ng when used w i t h  a 304L s t a i n  less s tee l  gr i d  p l a t e  

a t  Path f inder  opera t ing  cd6di t ions.  

3. CONCLUS I ON 

U f  t h e  t h r e e  mate r ia l s  tested,  chrome-plated 304 s t a i n l e s s  s tee l  y ie lded  

t h e  best  r e s u l t s ,  and was t h e r e f o r e  s p e c i f i e d  f o r  use i n  t h e  Pathf inder 
... 

b o i l e r  f u e l  elements. It was found t h a t  i n  chrome-plating t h e  304 stainless 

s t e e l ,  it was necessary t o  have a smooth, blended t r a n s i t i o n  from t h e  chrome- 

p la ted  po r t i ons  t o  t h e  unplated po r t i ons .  Without t h e  blends, t h e  chrome 

p l a t e  had a tendency t o  c h i p  and peel from t h e  base metal.  



I n  t e s t s  4 and 5, t he re  were no obvious d i f f e rences  i n  wear t h a t  

cou ld  be a t t r i b u t e d  t o  improvement .of t h e  sur face f i n i s h  from 16 

micro inch rms t o  8  micro inch rms. I n  t e s t  3 (18-25 micro inch rms nozzle 

sur face f i n i s h ) ,  scratches appeared on t h e  sleeve before any ho r i zon ta l  

load had been appl ied; a  cond i f ion  which d i d  no t  occur i n  t e s t s  4  and 5 .  

Therefore,. t h e  conclus ion was made t'hat sur face f in ishes '  above 16 

micro inch rms had a  no t iceab le  e f f e c t  on t h e  wear c h a r a c t e r i s t i c s ,  and 

t h a t  surface f i n i s h e s  b e t t e r  than 16 micro inch rms would y i e l d  on l y  

n e g l i g i b l e  improvement. 

Although 304L s t a i n l e s s  s t e e !  i s  used f o r  t h e  sleeves i n  t h e  

Pathf inder ,  i t  was assumed t h a t  i t s  tendency t o  g a l l  i s  no t  s i g n i f i c a n t l y  

d i f f e r e n t  than t h e  304 s t a i n l e s s  s tee !  used i n  t h e  t e s t  and, there fore ,  

t h a t  t h e  t e s t  i s  e n t i r e l y  p e r t i n e n t  t o  t h e  Path f inder  f ue l  element, nozzles. 

The t e s t  of  a  304 s t a i n l e s s  s tee l  nozz l e  ( t e s t  I )  was n o t  considered 

 conclusive^ s ince  t h e r e  were many unknown parameters. However, t h e  gal l i n g  

obta ined i n  t e s t  I  was so severe t h a t  f u r t h e r  t e s t s  d i d  no t  seem warranted. 

4. APPARATUS 

  he t e s t  apparatus (F igure  I and 2 )  cons i s t s  o f  an 8 - i n .  p ipe  w i t h  welded 

neck f langes and w i t h  b l i n d  f langes b o l t e d  t o  each end. On one end and 

on one side, 5 - i n  d ia .  a i i  cy l  inders a re  at tached w i t h  sha f t s  extending 

i n t o  t h e  housing. .   he nozz l e  i s  at tached t o  t h e  s h a f t  of t h e  v e r t i c a l  

cy l i nde r ,  which moves t h e  nozzle up and down, s imu la t i ng  motion due t o  

temperature and f  low f l  uc tua t  ions i n  t h e  r e a c t o r .  The s  leeve i s  at tached 



t o  t h e  lower b l i n d  f lange by means of a c l e v i s  bracket.  The ho r i zon ta l  - " .  - - . . . - a  . 

c y l i n d e r  provides a horizonPal load on fhe  sleeve s imu la t i ng  t h e  c o n d i t i o n  - - . . 

where. the nozzle and s lesve are - a M  .a! jgaed. 
+ .. . . . . . . - 

Gages on The a i r  supply 44;-s and 081 t h e  s ide  o f  t h e  tesP housing - 
,% 

i nd i ca te  press@-e i n  f-he a i r  dp l i r?dsrs &id pressure vessel . The t e s t  i s  
. -. . 

heated t o  reac to r  fsmperaPwre and pressure by s:x 900-watt e l e c t r i c a l  band 

heaters. The TesO housing i s  swr rousdsd  by 2-1/2-in t h i c k  insulak ion,  

which i s  no t  shown. in-kerior of t he  carbon sPesl housing i s  coated 

w i t h  sprayed aluminum t o  redwce cor ros ion  aT h igh  temperatures. 

5. E S T  PROCEDURE 

The f o l  lowing TesP procedure was ussd f6r a1 1 ?esfs. 

1 9  The nozm l e  and s i eeve ass i &*a i led, and t h e  t e s f  i s  assomb l ed. 

2) ThetesS- housing I s  f l l l s d r v i f h  waOer. 

3) The heaters a re  opera-?oG PO 0bPaib.i reac-tor cond i t i ons  o f  489 F, 

600 ps ig .  

4) The v e r t i c a l  c y l i n d s r  i s  acl-ua-:ed. The nurnber of cycles, 

v e r t i c a l  c y l i n d e r  pressure, and vessel pressure a re  recorded. 

5) The test. i s  disessenrbled, and Phe nozzle and sleeve are  i n -  

spected. 

6) Steps 1 ,  2, 3, aqd 4 are  rspea-bsd. 

71 The ho r i zon ta l  c y l i n d e r  1s pressur ized t o  p lace a s p e c i f i e d  
t r  

hor i zon ta l  load on f h e  sleeve. 

8) The v e r t i c a l  c y l i n d e r  i s  opera-fed f o r - t e n  cycles.  The pressures 

i n  t h e  v e r t i c a l  and horizon-tal cyfindsrs and i n  t h e  t e s t  vessel a re  recorded. 



m - .  < ,. .. ... .... ..... . . 

9) Steps.4  and 5 are  repeated. 
_ .  .< . . .  _ . , . . . - . .  __ ..... . ..... . ._. . . . _ .  , . ._ . .  - _ . .  . , . ._  - . . . . . .  . I .. I..... 

Before t e s t s  were - begun, t h e  tes?  housing was h y d r o s t a t i c a l l y  t e s t e d  

a t  900 ps ig, co ld .  The approximate f i  i c t i o n a  1 res is tances o f  t h e  packing - -  - 

on t h e  sha f t s  was determined i n  a t e s t  r u n  w i thout  the .nozz le  and sleeve. - - 

These fo rces  were found t o  be about 30 j b  f o r  t h e  v e r t i c a l  s h a f t  and 60 I b  

f o r  t h e  ho r i zon ta l  sha f t .  - 

- *- The net  f o r c e  on t h e  nozzle and sleeve Ebnsists o f  t h e  c y l  inder fo rce  

due t o  t h e  pressure i n  t h e  c y l  inders minus t h e  fr i c t i o n a  I  res i s tance  o f  

packing on t h e  sha f t s  and t h e  outward fo rce  on t h e  sha f t s  exer ted by t h e  

vessel pressure. 

Since t h e  packing r i n g s  were t i gh tened  from t ime  t o  t ime dur ing  t h e  

heating-up period, and s ince t h e  padking was changed several t imes between 

t e s t s  w i thout  redetermining t h e  f r i c t i o n a l  resistances, t h e  values may have 

va r ied  from those given. A second source o f  inaccuracy arose because t h e  

ac tua t ing  c y l i n d e r  pressure was d i f f i c u l t  t o  read w i t h  t h e  pressure vary ing  

throughout t h e  st roke.  Since small changes i n  pressure produce r e l a t i v e l y  

large changes i n  app l ied  force, some e r r o r  i n  determining t h e  f o r c e  requ i red  

t o  move t h e  nozz l e  i s  possib le.  However, s ince t h e  increase i n  v e r t i c a l  

load r e s u l t i n g  from g a l l i n g  i s  l a rge  compared t o  t h e  combined inaccuracy, 

which i s  less than 100 I b ,  t h e  inaccuracy i s  no t  s i g n i f i c a n t .  

Under ideal  condi t ions,  t h e  ho r i zon ta l  load app l ied  i n  each tes t .woa ld  

have been t h e  same. However, due t o  t h e  d i  f f i c u  l t y  i n c o n t r o l  1 i ng t h e  

pressure t o  t h e  ho r i zon ta l  c y l i n d e r  by means o f  t h e  four-way c o n t r o l  valve, 

t he re  were v a r i a t i o n s  i n  ho r i zon ta l  loads i n  t h i s  se r ies  o f  t e s l s .  



6'. RESULTS 

A t o t a l  o f  s i x  nozzles were tes ted .  Each t e s t -  is ,  discussed i n  t h e  f o l l o w i n g  

pa.ragraphs. A summary o f  t e s t  data i s  g iven i n  Table I .  

Test  I  - 304 Sta in less  Steel Nozzle. A t e s t  w i t h  304 s t a i n l e s s  s tee l  was 

made p r imar i  l y  t o  shake-down t h e  t e s t  setup; No. measurement of' hardness, 

sur face f i n  i sh, o r  diameters were' made on t h e  nozz l  e  o r  s  leeve. The t e s t  

was r u n  a t  540 ps i ,  477 F due t o  a  leak. 

With' no ho r i zon ta l  load .and w i t h  55 ps i  i n  t h e  v e r t i c a l  c y l i n d e r ,  the . . 

nozzle moved approximately 1/8 in,  which compares t o  a f u l l  s t r o k e . o f  1.25 i n .  

No f u r t h e r  movement resu  l t e d  when t h e  pressure i n  t h e  " e r t  i ca  l  cy  l  i nder was 
. . 

increased t o  96 p s i .  The pressures 'o f  55 and 96 p s i  correspond t o  n e t .  

downward fo rces  of 488 and 1228' 1 b, r espec t i ve l y .  

A f t e r  t h e  t e s t  apparatus was cooled t o  room temperature, t h e  noz i  l e  

was moved through a  f u l l  s t roke  by 50 t o  55 ps i  i n  t h e  v e r t i c a l  c y l i n d e r .  

Th i s  pressure i s  equ i va l e n t  t o  a  ne t  downward fo rce  o f  about 1000 I  b. The 

nozzle was operated th rough ' fou r  s t rokes  i n  t h i s  manner. 

Severe g a l l i n g  was noted on both  nozzle and sleeve (F igure  3) when t h e  

t e s t  was disassembled. Although t h e  t e s t  had been intended on l y  as a  t e s t  

o f  t h e  t e s t  apparatus, t h e  g a l . l i n g  was so severe t h a t  no f u r t h e r  t e s t  of 

304 s t a i n l e s s  s tee l  was made. 

Tes t  2  - 17-4PH S ta in less  Steel Nozzl'e. The second t e s t  was conducted w i t h  

a  nozzle made of ! 7-4PH s t a i n  less ' s t e e l  having a  hardness of BHN 404 and a  . 

sur face f i n i s h  o f  20 x  i n .  rms.' The 304 s t a i n l e s s  s tee l  s leeve'had 



a hardness o f  BHN 153 and a  sur face f i n i s h  o f  20 t o  32 1 0 ' ~ - i n .  rms. The - - 

d iametra l  c learance between nozzle and s leeve was 0.014 i n .  

The f i r s t  t e s t  run  consis ted o f  50 cyc les  w i t h  no ho r i zon ta l  f o r c e  

and w i t h  595 ps i  and 488 F  i n  t h e  housing. I n i t i a l l y ,  approximately .- 500 .. I b  - . 

n e t  v e r t i c a l  f o r c e  was requ i red  t o  move t h e  nozzle. The ac tua t i ng  pressure . A 

leveled o f f  t o  about 45 p s i  l i t h  578 p$ i  i n  t h e  housing, which y i e l d s  a  n e t  

downward fo rce  o f  144 Ib. The h igh  i h i t i a l  f o r c e  requ i red  i s  a t t r i b u t a b l e  

t o  new packing i n  t h e  packihg gland. 

When t h e  t e s t  was disassembled, t h e  nozzle and sleeve were both s l i g h t l y  

marred. The marr ing appeared t o  c o h s i s t  o f  scratches r a t h e r  t han  ga I  I  ing  i n  

t h a t  no metal was p icked up by e i t h e r  nozzle o r  sleeve (F igu re  4) .  

The nozzle and sleeve were then t e s t e d  a t  620 ps i ,  492 F. The nozzle 

was cyc led  100 t imes w i t h  no ho r i zon ta l  fo rce .  The opera t ing  f o r c e  l eve led  

o f f  t o  about 33 I b  ne t  downward fo rce .  A 165 Ib  n e t  ho r i zon ta l  load was 

app l i ed  and t h e  ne t  f o r c e  requ i red  t o  move t h e  nozzle increased t o  482 Ib  

ne t  on t h e  t h i r d  s t roke  and t o  978 I b  ne t  on t h e  f o u r t h .  The ho r i zon ta l  

load was then reduced t o  70 I b  n e t  and t h e  opera t ing  f o r c e  decreased t o  

592 I b  ne t  f o r  t h e  nex t  s i x  cyc les .  The ho r i zon ta l  load was removed 

entirely, and t h e  nozzle was operated f o r  t e n  c ~ l - e s .  The f o r c e  requ i red  

t o  operate t h e  nozzle decreased t o  425 I b  net .  The increase i n  f o r c e  r e -  

qu i red  t o  move t h e  nozzle, (33 t o  425 I b  net) ,  was a t t r i b u t e d  t o  g a l l i n g .  

When t h e  t e s t  was disassembled, considerable g a l l i n g  o f  both t h e  nozzle 

and sleeve was ev ident  (F igure 5) .  



Test 3 - Chrome-Plated 404 S ta in less  Steel .  The t h i r d  nozzle t e s t e d  was - . -  - - - 

o f  chrome-plated 304 s t a i n l e s s  s tee l  having a hardness of approximately 
. . . . . -, . . 

BHN I200 and a su r f  ace f i w i sh of 18 x 1 0 ' ~  i n .  rms . The 304 s t a  i n less 

I 
-. - 

s tee l  sleeve had a hardness o f  BHM 1'53 w l t h  a sur face f i n i s h  o f  about - - 

25 x 1 0 ' ~  i n .  rms. The d iametra l clearance between nozz I  e and s l eeve was 

0.0 12 i n. The !test Was conducted a f  ,615 p s i  . 
The f i r s t  t e s t  r u n  consisted 6 f  100 cyc les  w i thout  any ho r i zon ta l  f o rce  

appl ied. The pressure requ i red  t o  operate t h e  v e r t i c a l  a i r  c y l i n d e r  q u i c k l y  - 

leveled o f f  a t  43 ps i ,  a  ne t  downward f o r c e  o f  60 Ib. 
, - 

The t e s t  was disassembled f o r  inspect ion.  The nozzle was no t  marred, 

and t h e  sleeve had on ly  minute scratches. 

The second t e s t  ran  cons is ied  f i r s t  o f  50 cyc les  w l t h  no ho r i zon ta l  

1oad.during which The opera t ing  f o r c e  . leveled . o f f  a t  60 Ib; net .  A 155 I b  
. .. 

. . 

ne t  ho r i zon ta l  load was then appl ied. On t h e  f i r s t  stroke, t h e  opbra t ing  
? 

.. load.  increased. t o  575 I  b ne t  downward. 'on t h e  second and t h i r d  stroltes, 

t h e  requ i red  fo rce  increased to 673 I b  net downward. From t h e f o u r t h  through 

t e n t h  cycles, t h e  ho r i zon ta l  load was decreased t o  82\ l b  net.  The cor-  

~esponding v e r t i c a l  f o r c e  requ i red  decreased t o  60 I b  ne t  downward, which 

was t h e  same force  requ i red  a t  t h e  beginning o f  t h e  t e s t .  

When t h e  Pest  was .disassembl.ed, t h e  hozz l e  was no t  marred but  t h e  

sleeve was badly scratched. No gal  I  i ng was ev ident  (F igure  6) . 

Test  4 - Chrome-Plated 304-S+ainless-Steel. The f o u r t h  nozzle t e s t e d  was 

chrome-plated 304-sta in less-sfes l  having a hardness o f  approximately BMN 1200 

and a sur face f i n i s h  bf 16 x lom6 in .  rms. The 304 s t a i n l e s s  s tee l  sleeve 



had a hardness o f  BEIN 1 19 and a s u r f  ace f i n  i sh o f  20 x 1 o - ~  i n. rms. The - - -  - - -  - 

d iametra l  clearance between nozzle and sleeve was 0.012 i n .  
. .  . .  . , . .  . . . . .... . - . - - - 

The nozzle was f l r s O  operated f o r  100 cyc les  w i t h  no ho r i zon ta l  -- load. - - 

A t  a  hons i ng pressure o f  570 p s i  , a ne t  v e r t i  ca l f o r c e  o f  '20 I  b was requ i r e d  - - ... . 

t o  move t h e  nozzle. The t e s t  was disassembled, bu t  ne i the r  t h e  nozzle nor - - 

s leeve showed any s igns o f  wear. 

The t e s t  was reassembled, and t h e  nozzle was again operated w i t h  no 

ho r i zon ta l  load f o r  50 cycles.  The v e r t i c a l  f o r c e  requ i red  was 20 I b  net  
. .. 

w i t h  a honsi'ng pressure o f  600 ps i .  Upon t h e  appl i c a t i o n  o f  a 290 I  b ne t  . - -  ... - 
ho r i zon ta l  load f o r  t e n  cycles, t h e  v e r t i c a l  f o r c e  requ i red  incteas8d;$o.c 

960 I b ne t .  When t h e  hor izoata  l load was* removed, t h e  v e r t i c a  I '  f o r c e  r e -  
. > 

qu i r e d  decreased Po 70 I  b net .  ' 
When t h e  t e s t  was disassembled, t h e  sleeve was severely scratched bu t  

no g a l l i n g  was ev ident .  The metal from t h e  scratches i n  t h e  slgeve was 

deposited a t  t h e  end of t h e  sCroke (F igure  7) .  

Best  5 - Chrome-PlaPed 304.-Stai n less-Stee I .  The f i f t h  no& l e  t e s t  was t h e  

same as t h e  f o u r t h  except f o r  nozzle sur face f i n i s h .  Th is  nozzle had a 

sur face f i n i s h  o f  8 x i n .  rms. The t e s t  pressure was 615 p s i .  The 

nozzle was f i r s t  r u n  f o r  100 cyc les  w i t h  no ho r i zon ta l  load. The ne t  

v e r t i c a l  load requ i red  was 20 Ib.  When-the t e s t  was disassembled, no 
. . 

ga l  l i ng  was ev idd id .  

A f te r  reassembly, t h e  nozzle was again operated w i t h  no ho r i zon ta l  load 

f o r  50 cyc les  w i t h  a v e r t i c a l  f o r c e  o f  20 I b  ne t  required.  When a 268 I b  



net  ho r i zon ta l  load was appl ied, t h e  requ i red  v e r t i c a l  f o r c e  increased t o  
. . - . . . . - . . ... . . . . - r ..,... . - - . .  , . .. - . - -  . - .  . -  

930 I b  net .  A f t e r  t h e  ho r i zon ta l  load was removed, t h e  v e r t i c a l  f o rce  requ i red  - - 

decreased t o  65 Ib  net .  
. - .. - - ,  . . 

No gal I  idk wa&:'fownd on e i t h e r  t h e  nozzle o r  t h e  sleeve a f t e r  disassembly. 
-. -. . . - . - - .  

Severe wear i n  t h e  form of s c r a k h e s  were found on t h e  sleeve, and metal from 

t h e  scratches formed a  r idcje a t  t h e  end o f  t h e  s t roke  (F igure  8 ) .  

Test  6 - 17-4PH S t a i n  less  tee I .  The s i x t h  and l a s t  t e s t  was conducted w i t h  

I I a nozzle made o f  17-4PH s t a i n l e s s  s tee l .  The hardness was BRN 393. The 

sur face f i n i  sh whs 20 x 1 0 ' ~  in .  rms. The 304 s t a i n  l ess s tee l  s  l eeve had a  
? - 

< 

hakdness of BHN l  i 9 and a  surf'ace f i n  i sh o f  28 x , 1 0 ' ~  i n .  rms. The diametra 1 . . 

clearance betweelj sozz le  and slbeve was 0.012 t o  0.014 i n .  

Tiie..nozzle d i f f e r e d  from ar9v o f  t h e  o thers  t e s t e d  i.n t h a t  a  lnconel X 

I sp r ing  was mounted on t h e  upper por t ion,  as it would be i n  t h e  reac to r .  A l -  

though t h e  sp r ing  constant  was known a t  room temperature, i t s  r a t e  a t  t e s t  . 

temperature could not  be ca l cu la ted  because it was improperly wound. However 

an -es t ima te  of i t s  loading was made, and:.consi'der,ed:i.n 'determi.nirig.the.l.net 

v e r t i c a l  load. 

The nozzle was t e s t e d  f o r  100 cyc les  w i t h  no ho r i zon ta l  load. The r e -  

qu i red  v e r t i c a l  load was 23 I b  n e t  w i t h  t h e  housing a t  620 p s i .  The t e s t  

was disassembled, and some wear on both nozzle and sleeve was evident .  (F igure  9)  
- I 

The nozzle was then t e s t e d  f o r  t e n  cyc les  w i t h  300 Ib .  n e t  hb r i zon ta l  

load. The requ i red  net  v e r t i c a l  load was 1108 Ib  a t  a  housing pressure of 

540 p s i .  A f t e r  removing t h e .  ho r i zon ta l  load, t h e  requ i red  v e r t i c a l  load 

decreased t o  140 I  b. net .  ! 



. - .  Severe wear and gal l i ng were noted on both nozzle and s leewe 'a f ter  the  
. . . - . .  . . . .  . .  

t e s t  was d i sassenb l ed (Fi gure 10) . The spr i ng had no discernible e f  /ect on .-- - 
' the  performatice of  . the nozz l e . 



. , +  . % & .. .. . . . , 

TABULATION OF RESULTS . .  

NOZZLE GALL lNG TEST. 
. . -- - -- - -  ------..------...-- - -- 

. . . , Net Net. 
Tes t  Plater i a l Surface Hardness Surface F i n i s h  Y e r t .  Hor i z .  Resu I t s  
No. Nozz l e S l eeve Nozz l e S l eeve Nozz l e : S l eeve l dad l oad (F ig .  No.): 

(BHN) . i n .  rms.) ( I b )  ( I b )  
I 

I 304 SS 304 SS I000 0 3 

1 44 ., 0 4 
33 0 

482 165 
. . 2 1.7-4PH 304 SS 404 1'53 20 . 20 t o  32 780 165 . . 

978 1 65 
592 70 

' 425 . 0. .5. . 

- 

60 0 
Chrome 575 155 

3 P l a ted Approx. 673 155 
304 SS 304 SS 1 200 153 18 t o  25 20 t o  32 575 82 

60 0 6 

Chrome 20 0 
4 P l ated Approx . 960 290 

304 SS 304 SS 1 200 119 16 20 70 0 7 

Chrome 20' 0 
5 P l ated Approx . 9 50 2 68 

304 SS 304 SS 1 200 1 30 8 20 65 0 8 



F i g u r e  I .  Nozz le -Ga l l i ng  Tes t  Assembly. 



Figure 2. Nozzle-gal l i n g  t e s t  assembly. 



Figure 3. Test I  - 304 s?ainle$s steel  nozzle J l e f t )  and 304 
s.tainles6 s4ecal s l e w e  ( r i g h t )  a,$3@c gel l~l ing $@st wiTh h~ h~4f.l- 

z o n b  l  load. (NP Phaw 18A-5, - 10) J 

Figure 4. Test 2 - 17-4PH s ta in  less steel  nora le i l e f t )  and 304 
stainless steel  sleeve [ r i g h t )  a f t e r  ga l l ing  t e s t  w i t h  no hori- 

ronta 1 load. (NP Photo 18A-7, -9) 



Figure 5. Test 2 - 17-4PH stainless sreel ~ o z z t e  [top) and 304 
stainless steel sleeve (bot'toml a f t e r  g a l l i n g  t es t  w i t h  165-lb 

horizontal load. (NP Photo 18A-12, -IS, -15, -14) 



Flgure,6. Test 3 - Chrome-plated 394 stainless steel nazzle (top) 
and 304 stainless steel sleeve (bottom) a f t e r  g a l l i n g  t e s t  with 155-lb 

horizontal l o a d .  (NP Photo 18A-18, -19, -23, -25) 



Figure 7. Test 4 - Chrome-plated 304 statnless steel nozzle (top3 1 
and 304 sta in  less steel sleeve (bottom) a f ter  gal I Tng tes t  w i t h  

290- l b  hor l ronta I load. (NP Photo 18A-0-26, -28, -29) 



Figure 8. Test  5 - Chrome-plated 304 stainless steel nozzle (top) 
and 31-04 sta in less s+ee I s leerve tboJ.torn) a f te r  ga l l l ng test  'with 

268- l b hor i zonta l load. (NP Photo 18A-0-33, -34,-39, 40) 



Figure 9. Test 6 - 17-4PH stainless stee l  nozzle (top) and 304 
stainless stee l  sleeve (bottom) a f t e r  ga l l ing  t e s t  with no hori-  

zontal load. (NP Photo 18A-0-30, -31, -32) 



Figure 10. Test 6 - 17-4PH stainless stee l  nozzle (top) and 304 
stainless steel  sleeve (bottom) a f t e r  ga l l ing  t e s t  w i t h  300-lb 

horizontal load. (NP Photo 18A-0-35, -36, -37, -38) 




