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S L W Y  

Leakage tests were con,ducted by the O a k  Ridge Natioxial Laboratory 

for  t h e  Office of Sa l ine  Water on the  conderiser tube-to-support p l a t e  

seal proposed by the  Foster Wheeler Corporation f o r  use i i i  the  West 

Coast MSF Test Module. Test seals made of t e f l o n ,  nylon, and two grades 

of Nordel were t e s t e d  fo r  leakage i n  air and s tem test  environments i n  

an eight-tube,  two-stage t e s k  condenser with intermediate support p l a t e  

hole s i z e s  of i n .  and .a105 i n .  The leakage rates with the t e f l o n  

and nylon seals were s a t i s f a c t o r y ,  whereas the leakage rates f o r  both 

grades of Nordel seals were excessive. 

INTRODIJCTION 

I k e  ASTM B-111 spec i f i ca t ion  fo r  3/4-in. copper-nickel tubing allows 

an outs ide  diameter v a r i a t i o n  of +.0035 i n .  and -.( IO3 i n . ,  whereas t h e  

TEMA specificaLion f o r  3/4-in. support plate holes allows a v a r i a t i o n  

of +.010 i n .  and +.006 i n .  fo r  standard P i t  holes (average +.Om i n . )  

and +.Om i n .  and +.O& i n .  for  s p e c i a l  close f i t  holes (average +.OO7 i n . ) .  

Thus, t h e  annular (radial)  clearance between a tube and the support p l a t e  

hole f o r  3/4-in. tubes cdn vary from .00125 i n .  t o  .0065 i n .  with an 

average clearance of .004 i n .  fo r  standard s i z e  holes and from .OOl.Pj  i n .  

t o  .OO55 i n .  w i t h  dn average clearance of ,0035 i n .  f o r  s p e c i a l  c lose  

f i t  holes.  

An e u r l i e r  stud.yl indicates t h a t ,  f o r  p l an t s  with mnular  clearances 

of .OOl i n .  or less, sea l ing  devices are not needed. For p l a n t s  with 

'B. E. Mitche l l  and J. A. Smith, "In ters tage  Vapor Iealmge i n  MSF 
P l a i t s , "  08~~-5r9vl-1770 (fipril ,  13h7). 
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annular clearances of .002 i n .  or l a rge r ,  sea l ing  devices arc needed 

f o r  some high-temperature stages. 

Tests were conducted by the  Oak R i d g e  National Laboratory for the 

Office of Saline Water on the  s e a l s  proposed by t h e  Foster Wheeler 

Corporation f o r  use i n  the  West Coast T e s t  Module. 

TEST msucrs 

b b a i l s  of the  Foster Wheeler s e a l  are shown i n  Figure 1. T e s t  

seals made o f  t e f l o n ,  nylon, and two grades of Nordel were t e s t e d  for  

a i r  and steam leakage i n  an eight-tube,  two-stage test condenser. 

Foster Wheeler supplied two intermediate support p l a t e s .  One plate w a s  

.780 i n .  t h i c k  with .800 + .002-in. and -.OOQ-in. holes, and one p l a t e  

w a s  .740 i n .  t h i c k  with .812 f .OOO-in. and -.002-in. holes.  However, 

the  supporting b o l t  c i r c l e s  were d r i l l e d  on a 14.250-in. diameter r a t h e r  

than on a 14.750-in. diameter, and these p l a t e s  could not be used. 

Accordingly, two new p l a t e s  were fabr ica ted  i n  the  ORGDP shop t o  t h e  

o r i g i n a l  spec i f i ca t ions  with the  hole s i z e s  averaging .%a05 i n .  f o r  t h e  

f irst  p l a t e  and ,8105 i n .  f o r  t h e  second p l a t e .  

Sixteen seals of each type material were required fo r  t e s t s  on both 

intermediate support p l a t e s .  

were received with Pour  V-notched holes cu t  i n  t h e  tapered end of each 

s e a l ,  presumably t o  make tube i n s e r t i o n  e a s i e r .  

i n  the ,810S-in.  holes d id  not have these notches c u t  i n  t he  tapered 

end of the seal. As expecbed, t h e  leakage w a s  g rea t e r  when t h e  tefl.on 

seals were used i n  the .e105-in. holes than when t h e y  were used i n  the  

.8005-in. holes.  However, when the nylon seals were used, the  leakage 

w a s  g rea t e r  with ,8005-in. holes than with .8105-in. holes. Because o f  

The nylon seals used i n  t he  .8005-in. holes 

The nylon seals used 
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DWG. NO. G-67-798 

SEE SCARFED END DETAIL 

EMP. = 275-300OF 

SCARFED END DETAIL 

Figure 1 
INTERSTAGE SEAL BUSHING FOR 3/4" TUBES 

3/4" THICK SUPPORT PLATES 
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t he  discrepancy, it may be assumed that SGIK ledkage occurred through 

the V-notches c u t  i n  the nylon seals. 

h'iLh this type of seal design, i t  c . m  be expected that stiff 

materials  w i l l  produce a. more s a t i s f a c t o r y  seal than s o f t  materials. 

In  these t e s t s  the t e f l o n  and nylon mater ia l  produced a s a t i s f a c t o r y  

seal, whereas the  Nordel. m i t e r i a l  d id  not .  

Table I shows the  leakage experienced on the air leakage tests. 

Table 11 shows the leakage expcyienced on the steam leakage tests.  

Figure 2 shows a p lo t  of d i f f e r e n t i a l  s tage  pressure versus air 

leakage. Figure 3 shows a p lo t  of d i f f e r e n t i a l  stage pressure versus 

steam leakage. 



AIR LEAKclcE DATA OPJ  TUBE TEST VESSEL W I T I i  FOSTER-WHEEZXR TITBE-TO-SUPPORT PLATE SEALS 

b Normal (High t o  Lox)* Reverse (Low to High) 
Tube Sheet Tube Size Mff. Press. Air Leakage Air Leakage M f f .  Press. Air Leakage Air Leakage 

Seal Hole Size, O.D., Across Sesls, for 8 Seals, per Seal, Across Seals, for 8 Seals, per Seal, 
Date Material inches inches psi SCfm scpm pel scfm scfm 

.8005" Support Plate Holes 

1.0 Too low to - 1.0 Too luu t o  Too law to 

2.0 Too low t o  I 2.0 Too lox to Too law to 

6-14-67 Teflon .a005 7490 
measure measure measure 

measure measure measure 

3.22 .02@ * 0033 3-07 .0165 00206 
4.36 .a54 * 00567 4.18 .0210 .00262 L? 
5.40 .06a 0075 5 5.40 .0254 -00317 
7.32 -0973 .ou1 7-32 .0316 e00395 

6-30-67 Sof% Nordel .8005 * 7490 1.06 *053 .00663 - 98 1.43 * 179 
2.00 .a95 * 0375 2.04 2.64 330 
2.91 .562 - 0703 3-00 3.32 .415 
3.97 1.041 ,130 4.04 4.13 a 516 
4.89 1 * 332 .1665 5-03 4.79 .600 
5 -91 1.609 .201 5.92 5.37 * 672 
6.88 1.934 .242 6.85 6.07 -759 

8-15-67 Nylon .8O5 .756 1.0 . m o  .on0 1.0 .a30 .0104 
2.0 .1664 .0206 2.0 .I546 * 0193 
3.0 .2298 . a 7  3-0 .21@ .0268 
4.0 .2010 -0351 4.0 .2786 .0348 

6.0 3346 ,0424 6.0 * 3938 . a92  
5-0 .3141 * 0392 5.0 - 3377 .0h22 

7.0 -3550 .a43 7.0 .4593 - 0574 



b 
Reverse (LOW to High) 

Across Seals, for 8 Seals, per Seal, 

a Nosma1 ( H i g h  to Low) 
Tube Sheet Tube Size Mff .  Press. Ais Leakage Air Leakage M f f .  Press. A i r  Leakage Air Leakage 

Seal Hole Size, O.D., Acros6 Seals, for 8 Seals, per Seal, 
Da%e Material inches inches psi  s c h  scfm p s i  scfn scfrn 

8-16-67 m d  Nordel .bo05 .7506 1.00 Too low to - 1.00 Too low to - 
measure measure 

2.06 .I463 . Ox32 1.98 * 1122 .01402 
2-94 .4266 -0533 2.98 .7493 * og36 
3 .a 1.0704 a 1338 4.00 2.4509 .3063 

5.93 3 - 0378 - 3797 5 -99 5.6487 .7060 
4.94 1.9756 .2469 

6.86 3.8726 .a407 6.90 7.0315 08797 
cn 

* 7490 1.0 1.05 - 1325 1.0 1-35 * 1737 
2.0 1.51 .1887 2.0 2.11 - 2637 
4.0 2.45 .3062 4.0 3.07 .3837 

7.0 3.56 .4450 7-0 3.70 . b625 
3.0 2.06 * 2575 3-0 2-57 .3212 

5 -0 2.82 * 3525 5.0 3.36 .4200 

.3105“ Support Plate Holes 

6-9-67 Teflon .8105 

8-30-67 Nylon .8105 .756 1.0 Too low to - 
measure 

1.08 .0250 .m313 

2.04 0233 . 1-95 .ob40 00055 
3.01 .0302 .003a 2.99 -0649 .m31 
4.05 .0381 .0047 4.00 .a68 .01& 
4.94 .a62 -0957 4.97 . u16 * 0139 
5.98 * 0538 .0067 5.99 . 1355 .0174 
6.91 -059.5 .m74 6-99 .I726 .e16 

%ow from tapered t o  flanged end. 

b ~ o v  frm fLpnged t o  tapered end. 



STEAM IXAKAGS DATA ON 8-TUBE TEST VESSEL W I T 3  
FOSTER WHEELEB WE-TO-SUPPORT PLATE SEAI;s 

Ave. H i g h  Average 
Tube Sheet Tube Size Side Steam Mff.  Press. 
Hole Size, 0.D. 9 Pressure, Across Seals, Leakage, lb/hr 

Date Material inc he 8 inches psig psi  B seals 1 Seal 

.8OO5" Support Plate Holes 

6-14-67 Teflon .8005 7490 2.3 
6.4 

8-16-67 Nylon .8005 7506 2.1 
6.1 

8-21-67 Hard Nordel .8005 7506 2.1 
6.0 

,8105'' Support Plate Holes 

6-9-67 Tef Lon .8105 9 7490 2.0 
12.0 

8-31-67 Nylon .8105 7506 2.1 
6.0 

2.2 .0625 .00782 
5.5 . 6 2 5  .00782 ~ 

5.0 .625 .g82 

1.57 2.71 339 
5.0 5-38 .674 

1.47 .344 .043 

1.3 0.50 ,0625 
6.0 1.50 ' 1875 

1.84 25 032 
5.0 .625 ,078 
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A - TEFLON SEALS, ,8105'' HOLES, .749" TUBES 
B - HARD NORDEL SEALS, .8005" HOLES, .7506" TUBES 
C - SOFT NORDEL SEALS, .8005" HOLES, e 749" TUBES 
D - N Y L O N  SEALS, .8005" HOLES. .7506" TUBES 
E - TEFLON SEALS; . 8005~~  HOLES; .7491i TUBES 
F - N Y L O N  SEALS, ,8105" HOLES, .7506" TUBES 
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DIFFERENTiAL PRESSURE, psi 

Figure 2 

AIR FLOW TEST RESULTS FQR FOSTER-WHEELER SEALS 
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A - HARD NORDEL SEALS, .8005" HOLES, .7506" TUBES 
B - TEFLON SEALS, .8105" HOLES, .7490" TUBES 
C - N Y L O N  SEALS, .8005" HOLES, .7506" TUBES 
D - N Y L O N  SEALS, .8105" HOLES, .7506" TUBES 
E - TEFLON SEALS, ,8005'' HOLES, .749" TUBES 

0 1 2 3 4 5 6 7 
DiFFERENTlAL PRESSURE, psi 

Figure 3 
STEAM LEAKAGE TEST RESULTS FOR FOSTER-WHEELER SEALS 
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