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TEChNICAL EVALUATION RE PORT

by

B. W r i g l e y

I. INTRODUCTION

The 51st meeting of the Propulsion and Energecics Panel on Seal Technology in Gas TUrbine Engines
was held at Church house , Westminister , England on 6th and 7th April 1978. The meeting ~,as arranged
tinde r five main headings :

• material technology, particularl y as app lied to main flow path blade tip seals.

• user t s view of seal technology.

• measurements of seal behaviour.

• laboratory experiments.

• design aids.

The meeting was held in four sessions , the last one incorporating a round table discussion.

The presentations were relevant , timely and well received , covering both aircraft and industrial
gas t u r b i n e s .

Wide ranging coninent indicated the value of the meeting and suggested the need for a continuing
comitment in this field.

2, SUMMARY

There are two major issues forcing the pace of sealing technology :

• the quest for improved engine efficiency, in a period of rising f uel prices.

• poor in—service reliability of seals and engine performance deterioration in the most recent
generation of subsonic jet engines.

The meeting also identified the following issues:-

• A significant factor in performance deterioration is the increased clearance and aerofoil
distortion caused by abrasion and erosion.

• The influence of thermal and mechanical forces on seal clearances.

These forces are usual l y of a transient nature.

Suitable techniques for measuring these effects were described.

• Current high bypass ratio engine designs have included features detrimental to achieving low
seal leakage.

• A wide range of experiments has shown the potential of advanced sealing techniques for leakage
reduction but this work has not yet been taken through to engine demonstration to any substantial
extent , nor has the wear charac ter istic of such seals been adequa tel y established.

3. RECOMMENDATIONS

• Further study is required on blade tip and labyrinth seal rubbing phenomena and should include
fully representative experimental work and the development of theoretical understanding. Consider-
ation should be given to establishing more formal relationships with machining research.

• Seal design should be thoroughly integrated into the engine design process. The mechanical designer
must ensure from the preliminary des ign phase onwards that the engine is structurally and thermally
beneficial to good seal design. The aerodynamicist must integrate sealing quality into his judgemeots
concern ing direction of research and engine design.

• Opportunity should be provided for the demonstration of advanced seals in representative engines;
suff icient confidence will only be established in such seals if reliability and integrity can be
demonstrated,

• User exper ience represented in the conference was mainly that of a major US trunk operator. Further
information is required , reflec ting other geographical locations , smaller operators , industrial users
and particularly from military services, Referring to the successful work of P11’ Working Group 08 which dealt with Aero I- Igi l ic
Deterioration in Air Force Service, a follow-on activity should he invited to report on experience with seals by military users.
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I n  r , ’ I • A w i t  I c  I ~‘c, - m i i i ’  peii .’ I t  , i t  t ot ,  t I I  i ’ S .  (.1 i i i . ’ i c’ e’ t’ t .i i u t  y c.s i c. t I t , i  I t ’ • i  I , ’ 1 I c ’ I ’ t tie’ ~ ci it  I tig i i i .i ct t’ uIlc

c’ i’ , ci , . u u , u  I ly  a i t , u r c i  c i ~~t c l , ’ . ,L ’u l iV e ’ , l’hte ’ l o t  c ’ t t t I i t  bone ’ I i t s  cit c’ e’r . e , c i  c o r  c c ’ m ac c l  c’ scot i l  , ,t i rc ’u c i u  l i ii’
i i i ’  t cur  L i (  t ie’ b t , u ~i, t i 1’ , w i , ,  t i i c b  i i  u t  o.l • h u t  i i , ’,’ t c ’ , , ’ u ’ ,’ hi I’,’ (tu g  t’e’q eu t re’ ci owl  tug t i c i tie s e t - v hi ( g i c I c ’c . u l  h. a t
t i . i i c c . l  c t  c c ’ ,’ i  I ic ’t , ’i t t s  ~‘1’1’ ’,c ’ I c t

t’ . u I c ~ ’ r N’~’ . .‘ by J • C • Fe’ i gi ‘“c i i i  i i , ’ ‘c ’ I’ i i i .’ ci I c ’ “ I ( tug t ,‘ ci iu , i cpa, ’ S c ’t ( i i i  I e’ I’ I h g  ~.c ’Ii 1,1 ‘. t i t ’ c it iciit  I Or ui ’  r id i l ’  I
1 in l t c e , .  . l i t , ’ deb t  i remno ’c’.il c c , ’,- t t . u i (  ,.t ti was  e’ i t  c c i  ,u~. .u lic i s s tt i i e  c u t , . , ’ ~‘i c l i  , . c i e ’1’ . i t l t 5 h ’ c’t u,’t ’e’ mc i’e u l i t i i u g  I c ’ , ’t
t i i g h l t g h u t  t ug  the ’ re’qu it ’ c’ctle’it t ( c i i ’ I t  c c l ~ t i ’ 1 ’ t e ’ ’ ., ’ l i t  u t  is’ , ’ I c - - I  l u g  t i u c ’ l u u , l t n g  1 1 1 1  1. ’’. . 5, - i  tt e i ci c ’I , u 1 , 1 i t  h i t  t c ’ t c

we’ I I  ci ,. the c cic~c1i e i “ ( I  ie ’ i t  c i t  t he  ci i i  i i i  ii’ I , ’ liii ing hcive’ 1’,’ e’n i gil  I t  i c  i i i ,  i ic - I c i t  s in ci,’ t .‘ rtt c ( n i  tug qcu ci i t t  s’
Expe’ rim,’ li t  i i i  te’ i i c t i  i i~i te ’ s t ø r  t o  s t  I uig il ’ r i d  ,ui i Ii ’ s it . iv , ’ no t .i t i c ’i, ci coii ii it , ’ui t ,.,‘ I ,‘c’ I i  On c’ t 11141 c m  I .i h I c i i i ’ u c g  C II, ’

1 • A. N • Ste  t t ’e ’it  in Pa1i,’ r No • I Ii ’ i t  t “ i . e  i t  I c ’ ~I I a with c ottip re’ S sc’r vcine’ t (p . ,h ’m’ I s  i i ’ i t .  File ’ 5’ . u t c t , ’ c i i
i t t  ,‘xtr eitte Is’ ,,ii., :’1i . i i ’t ’ a , , l v i ’ i n t t i i u u i c , c I  - t u g  S i l t , ’ 5101 c i i  I c ’”, , , t (j ’ c h i , . t c’t (  I c ’t t  . 1 1 c c 1  t~ ’ul 4i. ’ r ; i t e u l’e’ w i,. c l , ’ ,u t  i s-

,‘ s I , u i ’ l  I , ,i i i ’ c l . By Itcip i ii i: t omi  it i c ’ i c ’ cise ’ ci t c t , ’cur , i , tc , ’ ,i h ’ c’y, ’ l iii ’ I’I’.’ — c h e ’ te’ flllilte ’ci pe ’ilu ’t i’ .it t o l l  t,’ , i t ~ i i  ICc’ i i i ( i t t t t t h . ,’c l .
i i  u s .) : .I i r , l 5  l t c g c,’ .)’ ,ct tc iu , n I c ’ r ee teuce  t in’ ,u i ’t ’ .i,. lv i ’i t , ’s,, LOu ’ i ou , . I  s- .ii t,t It c,- .i,, t t e ’c - ,’, . , . , u i ’s’ I c ’ use’ .u low t ,‘~cc 1’c ’ m  I t  c tm - c ’
i’c’n,i to iv,’ I~i th is • i i ,  cci i i h ig c’ c’u 1.! ‘ c i ’ .u , . i l  “ “I’ u’ .us ’ c’c l I ~‘ s I  .‘ c ’ cmct I’ .’ qei ( t’ e’ ei c c i i i  i ic~ . I t  c.’ ,u,’ c i , ’ t i ’ ,’.1
t c i r ci a.’ .it eu~I tci  7110

c K

A_nothe’r c i c c i u u u u l  ,le ’ I i l t ( , t g  te’e’hn i que’ , I c i t i i i  , i i c r , i c l c u i i l , ’ I,’ i t , was cie~~e’u’ I hi ’,i in i’uspe’r N o .4  li v A.  t t i ve ’ rt  . As
w i t  it the  abrasive m a t e r  ( i l  cil the pr e v io u s  1iaper low tiut’ m u t t  cc ’i i , i eu c  t t s ’ l t  a i.’ . i , ,  ,u cheiract,’r (S t ic . The’
, u . u t t t c l  a c t  u i r i n g  I’u ’ c’c’i’s ’. t c ’r l iii’ I i tt re ’ic dUct Lii , ’ c l x i e u l c i i l u g  technique ,tor the’ t i ’ l l  we’re cl, ’s~c r i bed .  A so lu t i t , ’
tt.o,ut lot -  ,‘ , i s ( c ’r ,‘ e ’1’ , u t i ’  was av a i lab l e  i or I ,‘icc 1 ’ c ’i’ , u t  u i u c ’ ,. up I e ’ o I l ’ K.  hlr ,i:  t u g  w.ti. i i e ’c’,’a s.it ’v ,ul  t u i g itu ’t’

r a t  cur, ’ S

Ib,’ l .ui k cit ce ’i t s i  s t , ’ml c ’V ii .’twC i’lt t ’ig .u u i , h  c n g i u c . ’ t i’ s I s  i i i  . u t i I c u u l , t i c i i ~ t i p ’.t ’ c i , .  not ec t  h~s ,I .C. Fe’rgcusoct
(a  i l  c ’ h i t -oug ht ci u t i  iii I’ap,’t’ N. ’ . 1 ’.  li v i ’ . W .  K l r c i c t .  In eirct , ’ r I c ’ I cuc ’ I c l c ’ I l i i i .  ,t , ’I i i ’ i, ’ lu c’’.’ in eng ine relir t’senI  —

i t  lye r i g  i i i , ,  tie’,’n ih , ’ s t g lt , ’ ci i i i ,! (,. c u r r e n t l y  i’.’(ng L’ot tlll( . ‘ t c ’l i e ’it. A sI u e ’ e’ ( t i c  i i i ,  i t t ’ ,’ ,‘t i ~~~~ tug will cc iv,’ m
it  t i t t i  lu l l  (gu t  it ici t~ p htetu0t f le i t t t . Ceinip letse n t ar y  t e s t  ing wt Li i  I ci~’i ’t’ ign i t tc ’um c i i  r,’pre’se’nt It  is’e~ t i t a n I u m  iul I c iv

ciunp les w ,u ’ , t i,’ se r (beet • Th,’ et  tee t cil .i ir  v. I c ’e it v , pt - c  s n i u l ’ ,’ anit t cuu~’,’ rateir .’ on Iiurtt iutg rate and pruip ig-
a t ion I c i oth e ’r  ‘ i i , ’ t c ’I ~~~~~~~ wad .‘x iimtn,’ct . Fir,’,, cmi let he’ ,‘x: (ti get I ~hec i liv ci h t t g h cc’nc eut t r a t i o n  e it  Argon.

I ‘ I’tH’ m~Ii Cl i i .  it- il l  t-t4Iilti’
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4 .  t ADVANCE !) SKALS AN!) LA BORATORY EXP E R IKE NT S

t h e’ in t r o c t u c t o r y  survey by L.P. LAadwig described the use ot sliding (ace seals  f o r  bear imig  chamber
se’ ,u l  t u g  in .u h i g h pr e’ss u rc  e m i v i r c i m u t u e n t  • An examp le showing s u b s t a n t i a l  SEC improvement compared w i t h
lab yrinth SC’c I t S  W 4 S  g i v e n .

Paper No. 1 1  1cr e seu t t t’d tcv E. tio l ltuia d c ’ set- tbed a rauug e c ’t Lu , ’ st a u m u d e r t a k e n  on small , l ow rubb i ng
s1i.’.’d , hydr~ul ic u ,ucc ’ ,.e’ , u l s .  t icu ta  were t~te’ sc’ u u t  o c t  w h I c h  showed t u e  ei ( C C L  ol rot a t  tonal  speed on p u m p i n g
b e t w e e n  the  s l i d ing c o n t a c t  i c u c . ’ s. (The c o o l i ng  [low rates appear to be getierous for the size ot se’ .u l
and stmi l,,r v a l u e ’s  tc ’ t o i l  as the ’ cool ing me ct i uun could p re sen t  d i t t ( c u l t i e s  w i t h  o i l  t eed  ann scavenge
in smrc ,u ll  g as t u r b i n e s ) .  Au, approach to the des ign  of such a se’,u l  is provided by I)r B .S. Nau tn Paper
No.19. The interlace loading in the gap between the sliding surtaces is considered and a computational
mod el presented which a l l c c w s  tu i r c a v i t a t i o n  in ttue iittertace . When progr auiu t e s t i n g  i s  con~ile te co t-r d .
.i t ic’mi w ith the r e s u l t s  ot Paper N o . 1 1  should be’ consici e ’r ed .

L.P, Luct w tg  ~~ sccond pap e’r ( N o .  lb~ showe d ttu ,ut sonic i lt i p o r t .uu c t  a s l ce c t  s ot gas  t u r b in e  second ary  ( low
syst em leakage’ can Ic e’ tackled with a h a i r  chance ot success .  The e xam i n a t i o n  p r o v i d ed  b r  p n e u m a t i c
se’ lt .ac t i t u g  s e a l s , st u o w c’uh that htgh enough val ue s ot p r e . ;s c ir e ’ , r u b b i n g  sp eeui . f a c e  m u t t — o u t  and Le n i p e r a t u r e
have a lread y be en de m o n s t r a t e d  to a l l o w  cons ieter ;it i c ’l i  b r  a r d u o u s  gas t u r b i n e  iipp l ica t ion .  Fu r the rmore
ic. ’ .it ge’u l, ’ t , u t  lc ’ll was  such Ic’s’. t i t , u cc  con vent  iomual  carbon contac t  sea l s .  M eth od s t o m  ci, ’ ,u t  tu g w i t h  51 c’ , ic i ’i’
. ,u i , i d i y t c , U 1 c i c  ( ,,.‘ , u l  i i , - ,’ r u m i c ’u t  ) si tuc i t iomi s were de sot  ib ,,’ cl , u i c c !  perbormnart ct’ , i t i c i  we ’ ,it ct u a ra c t e r i s t i c s  ii i  I c - s t - s
up to 500 t i ou r s  c i u r c i t i o m i  We’re d i s c us sed . W i t h  f u r t h e r et  t o r t  to prove’ rd i ab i l  t t y  and ii, p a r t i c u l a r  i c ’S

c,’e’.lr r i t e ’ s over .u long per ici ct , i t  ‘.itc ’~i b c b  I ’,’ 1 ’c ’ , , s l t ’ I e ’  to ‘r, ’vi ~i.’ ,u l u - , c - . i t - I u - ,u t t  cr 1141 is ’ , - t o  t i,,’ ‘r, ’ ,.i ’ i lt

- i t  S.’ .! - ‘ . 1  st .il t u g  be’,,r tng  ch tc ila he’ r s  in h i gh pt-c s auce ’ e nv ir o m~~ eu i t s ,

!‘.qu s’r Nc ’ .17  by }‘rc ’i 0 . , ,sor I) .  l ) i u u i  a g . u i n  ich , ’n t i  I i, ’ cl t h e ’  , i , t v , u i t t  .u g e ’ ~- oh  t h e  Sc’ I t — a c t i n g  Jiueuflt~it I c  sc i i

t , u t i g , ’ ,’i c iulvctn c& ’c t  se’,u l  type s I r o l .o s e’di I or tscderu, h u g h 1, e’ r i c ,n , c . t i i c c ’ gas t u r b i n e s .  Imcexpc’tustvo
l ab o r a t o r y  t e s t i i c g  but .11 engine rep re ’,~e ’ u t t . i t  i v c ’ con d i t i o n s  has  shown th,’ low le a k a g e  p o ten t i a l  but w i t h
soccte’ v ,u r  i . it  i o n s , w h t c i u ,,c. iv be clue to ,t t c . u t t t  to  ip . u t  i c !  l o c a l  c i i  st Or t  lou .. The paper showe d t i c , ’ :i c’ect to
c c t i , 1 , r , . t , u l c , I  . i C c  c c r . u t  ,‘i ~ ’ t t c o  i c i r c e ’ cc , ’ c t u .u c i s l , c s  i t t  suc lu  ,.e ’ ,i l  s , i i  con ,. i s t e ’ tccy  .un c i  b u g  l i i i ’ ui ’,’ t o  be- c i c h i e~ve’ci.
Au o i l  slim ,ge u’ ,.. ,u t  c,Su,. mont  toneci , wh i ch  was u i  ~~~ t , ’Vt ’ e~, . !  l’s’ ‘ .5. Wh i t  I c c ck in Paper N o . 7 .  Ttu i ,, I “ 1 °  o t
- e u l  t 5 c~di i i  c’ 5,’ , .i t  (5’ ,’ ,cnct ita ito (‘ cc Ic! ’ i t u g  ~‘ cit I S.

t’.qie’r N~c . I I l ’v i i .L .  Stc cc ’ke ’l’ c’ c’u t ’ , i c i c ’r , ’ ,! j ’,’r h ,ci’sc.ui i  c ,  ciu,’ve’ loicme’ut 01 Iab y r i n t t u  ,.~~. i1  s .  Ri . sci i t ‘.
(ire ’,c e’m i t e c t  w h i t -h  showed g . u i ~ is I r ota re’t ine’itte’iit ol “i ’ i t  k m t i l e ’  e’ om t t i g ur a t i o n  j ui ci t ic , ’  c i i  c o t  ot  t i l e’ ut at e’r i a l
ii i , !  c o u l , . t r u c t  Lou ol the  ‘. t  I t  ic  ,tceuth e’r .  At 0.51 ,i~c cle .ircince ’ mci se.cul  1’rc ’s , f iur e’  r a t  to 01 2 . 0  ( c c ’c c c ! i I l c ’I i ~ .

‘ I  h , i  L I c i c  I c ‘.1 ‘‘l’l ’” ‘,e ’ c t l S .11’.’ gc’ u u , ’ r . c l I v  c o i t s t chu, ’ce’ et~ , .1 Ic’akcuge’ ( l o w  rangc’ c ’I grc’.ut e ’r t i t a l c  2 : 1  w i ’ .  i i t u i i c ’ , u t i ’ ci
¶ i c ’! ttu e ’ l u l l  h’ . i t t ge ’ c’i s o u l s  t e st , ’,i.

At l ii, ’ I.i t ge 1’ c i i ’ it .11 uc ’ t ’s  t i t e’ v I I  ci, ’ c’ I .u itcine ycot icb l in i n g  on .i St r a ig il t — L  broug ht Sc ’ .11 • anit  kn i i  e’ u t —
o 1 i u u . u t  I , ’ c c  t c i  .i ‘. t c’)’ 1’ ,’ct si t 1  c,’ ,i,, i i ig ti l  ig tt t c ’ c h .  Thc’ c t c i t  .1 cu’ ,’ i t a r t i c u b , i r b y imp o r t a n t  I or c i d ’ c c c o i c s t r , I t  t u g  t t i o
c i  1, - c t  c~ t r o t , ,t  i c ’t i .  I t  I , ,  c t i - u i ’ t tu. , t i c c ’ c ’ l i g i l i c ’ dt t ’~’i gI cc ’u’  is  b,.c~ui p rovided w i t h  good lab y r i t i t h  se tI
1’,’r t cit ’mnanc ,’ l it . ,i I r , ’c~ c,- ic I c i t  a,’ il  cot t t  i g t u t ’ ,ut  iou, ’.  i’ m  b.’ ne lc’c t ent , prov id itig ot  course  cons ide’ra t  ion I or

ci v ,, ’ , i c , u t u  I c ’ i i  it , , !  r eut ib tug  be’ h a y  tc iec  m’ i s  gi  Vi ii

l c d  i -g r i t s ’  r , i t t , em  tt , .uu e t tg i i t e ’  I’~’t h c ’l’~’ 1,t t l c’ i ’ was  ( tie’ titotivat ( O u t  c’h  t t t e’ r c u c t a i m l i u i g  IWO 1’ .i1c,’ r, .  t in t h i s
Soc I i , ’ c c .  t .  Pe’s’c ,c . ut t  i t t  ‘ u) ’ e ’t Nc’ . i~ lir,’ se’uut e c i  c i ; i t . u  rc’l , ’s’ .u i c t  to  bc’ar it t g  c- b c , u , ch ’ , ’ r ,,  5c ’ , i t c ’ci i’y low li r e ’ ssure’

- l i p  I i t - v t  I m u l  c , .  ‘k’re , c c c t i r , I t , ’ l ’t ’ c’c i L c t  i c ’lc ol  t h e ’ h , u i  h u m ’c’ j ’o im t t , eh , ’I t n ec t  t’~’ o i l  Ieakiutg i r c ’tcc the i’.’ . ir i u u g
I ! c m c i c c g l c the b~iby r i n t h t , shocu lc i  b,’ i i c ’s sj b le  t rots tile’ re’l,t t i o n sh (p  e’s I  ,i b t  t shc’d tie’tw e ’ett  o i l  c’i u t c , ’ , t r c !

, ! I h  I c l -  I , ’l t  m u m  i- ,unu h ( t tW ,i t ’ ci , u i r l  lc’w. ii. h io iuc ke’r t in Pcipe’r N o. 9 cie’sc r i b e ci  t he  t h t c o r c’t ica l  an,! e xp e r i u t ~’u i t a I
,- s , u c , c j i u , u t u - I c  oh  t tc , ’ 1ci uc ’ eu m .u t i c  I d i r t  c - ,  1cre’ sc’ut  w i t i t  sc , I t ’ l it t g  ( l ow- th r o e ig ht .u I . u h ’ , . - r i u n t h t ,  i- c’” , , c , i c i c i t c i ’ ,. Ope’i’ —

1 i , c g  w ( t t u  i t i g i c  .hc ’ t i s it s ’  h lciw t ic , - I ou ’ c , ’s u - i t t  li t’ s ( gt t i i  i c a u u t  . h u r t - h e r  wc i m’k is  i i i  ~‘t -~~g~’~’ ,C,, c c i vu ’u ’ i l I g

!c i u c g ~’ s I c ’  the  I ~u i ’ v r i m u t t t  pr opor t  l , ’hu , -

• , S\  ‘ 1~~ 5 I ’ES I n N  ASIc MEAStlREMI ~N’l’ FECII N IQUES

h m t t c ’g t ut  ( d i l l  ci i  b e . ir iu ig  cbt , t , , c l i , ’r  s o i l s  ~ l i t c ’ Lii,’ cIes i gI c 01 t tte  oil ,c\ ’ s t e ’lt l , w i t h  par t t c e m l c u r rc’ Ic i ’e’mu ce ’ to
vi’ui t lun g u c c ! ‘c , u s ’ ,’ u u g i u t g  lr r a t l g c ’clc e ’t i t s . wiuS ~tosct’the ’~t iii I ’ ,i lu i ’u ’ N o . 7  i~’. D.C.  W h i t  l o ck ,  Seal pe’r i csnnance’ c,- ,i,.

cl i ’ sc r t c ,’ ,! .u utu I , u  — ‘ u  .50 ii a g ,  I n s t  t tie ’ 1’ ic kg I’ci c i l c , t  0 i sa t .  tent (mit e  gr i t  a . lIe’ s igns  u ’ .~ti g, ’ cI t u’onl 1 i l’s’ u i i t i  Ic so .i I c’ I
I s’. u l v i l c g  d e g r e e’s 01 sop h t t s t i c c u t i o n , to carbon t a c t ’ s o i l  - , t u ic l  j ’o , .i t  ive ’ t u y c l r , t t u l i c  s o u l s  u s i n g

L I I , ’ . 11 c it l 5  c e ’u i t  r i i  c i g , i t  I to  I c h s  l i r oseu l t  . Pr in c  Ip t e’ S , u t i c l  c r it c ’r t c i  t cu r cltautuber cles igut , ci i  s’ c t l n u c ’ 10 I tt , ’ c O g  I l t e ’
It ’ ’ - l g t i u ’t , we t i  c ’ s l d i i  i sh i ’ci .

it  .A • t: .usc~, I’.’ it  ( i i  papc’ r No • 1$ lire SC U te ’ d ,u t i  app ro cu c it to t he’ cii ’ ‘ i git cit  c i i  so ide’ a I ing aunt cc’,’ 1 ing ‘.s’,. I i ’i , cn

- in imp ortan t  top (C d,W I tug I 0 t tue I .uu’g,’ ci i  sc i’m, It-cu ju t’ ci i i i ’  I lows on pro sent  , i m td i  f u t u r e ’  h i  g il r till ‘.1’~’” 
d ~~~~~~~~

M i n t m t s (n g  t h e  cooling .i i t  stupp l tu,’ui to d i s c  c iv il  i .’.  is  ctept’u nc tu ’nt on assoc t a t ed  s o u l  p ert on t t c incc  It  i —
I I) ‘ ,‘ u ’ t t lu t  t in t hue ci , ’ ,. I gi l  ci t  the so sy stea ls t. h a  t Se ’ i t’  u c l a  my ( L o ws u n ’  mto I i t ’ ch ic ’ ,’ ‘I at I tue e’Xj tdIl Se’ cii  c i i  ,~c

L

I i u t e ’gr it  a • A t’c ’ t l e ’ I i t  ~c l  11 , N’~. Si’ s c,- .u , .  elue t te di  b r  i ua l v i t u g  c i i  Sc seal tug i t ot ,-’.  o ut a l a r g e’ I r . ,t ns l ’ c cr t e’ t u g i m u . ’

I’.E .A • St  , ‘w , Ir t  and K . A .  I ) t , u s t c e ’ t t in Paper  No . I n )  on X— i’ ,is’ nteasureme’nt, tecitnique S d C  5Cr itit’d ,i 1it’e,’dr I tub
.i l . c g t t e i s l  ic  too l , w h i c h  ,i oe’,. no t re’el e , i re . ‘.1ce’ c i t t  e’uig ine 1’r, ’ p .u I ’,u t  t o u t  o t t u e r  t t c . t t ~ i n s t i l l a t i o n  j u t  .1 11c,’c i l c . i I  i v

i t  ,‘ t i  ,ct he’d.  I t - , uu c  ste . i t t  ‘ti e’ s’.’ vs  have’ Sc’ tie’ cci I I  y beet, made ’ to d o  l i n e  L i t , ’ t tnt tn g  I cii’ in St aun t aflt’ciu s N I- u s
) . h t c i t c i g r , u 1 i l , ~ , cii t u i g ht , ic ’o t l r , i c \ ’  (o r  ,u w ic t e ’  r ange  cii I lt et a l  i i i ( c ’kue’sse ’s. Comp lt ’c’ce ’ u l l  t ry  met  h t o u i s , w h i c h  c .u u i

I’ l’ c ’V t , i i ’ ccin t  i tmeioiuii  ct eitpei t ~ I c t e u u r a n c e  hu t ,  wit ic i t  r,’qtu t re  i t l  e n g i n e’ 10 be spec tall y iu lst r cul t lente ’dt  , we’ r i’
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