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e Prguure '

1.vllr‘e.v’yno4l..ds nxx;'bo.r.based on disk radius Re = _'-97.;2-_ :

| MOMENCLATURE

'1j,nad1u- of disk ..f""

f:'l'orquc cocfnclont doumd by m- C”'e "CL , one side of the disk, -

Z

“"i‘Acccleutlon duc to guv!ty

Voloctty ntto . =

S

- ,Angullr velocity of nuld ring
Angultr vclocity o! routinz eleunt

‘ o Priction&l torque

2

Axisl Distance between disks
. Absolut_e tangantial velocity component

' .Absolute rgd;a_l'velbcny component

Ré;térqnce radial velocity near stator '

Ro!erénéé radial velocity near rotor

] ;Dlatance normal to rotor or stator
"notaeing disk bonndnry 1-yer thickness

: Statiowy dlsk boundn-y layer th!ckness
Cyltndrlcal wau boundnry layer thickness
:Dymic viscoslty

: ‘lllss density

Boun'dnvry'sheu- stress

. ‘_,lhdhl conponent ot ahou' stress
"l‘lngontill eonponent ot shetr stress

v ‘ Kinemtic viscosity
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SUMMARY

1.

The Space Power and Propuision Section ol the General Electric Company

u~;has‘been under contract to the Aeronauticat Systems Division Wright
;tPatterson Air Porce Base Ohio, since April 15, 1962 for the development L
..or dynauic sha!t seais for space applications. The obJective of this o
;trprograu is to acquire the techniques tor sealing high speed rotating shaits’

yii*under the operating conditions of high temperature liquid metals and vapors,»

the neer-vacuum environments ot space,'and to provide long seal li!e.‘

AL The contract specifies the foliowing requirements-

1. The fluid to be sealed shall be potassium.

'fzé'anhe seais shail be . operative at !luid temperatures from the

5 irmelting point of the fluld selected to 1400°F.

;3. ”jThe pressure on the tiuid side of the seal shali be 15 psi and

‘V‘the etternal pressure shali be 10 -6 mm Hg.
ﬂ; » ThefSpeed;of the rotnting shaft shall be a maximum of 36,000'rpm.

y 5. fThe seal, or seal combinations, shall be designed for 10, 000 hours

.of maintenance-free 1ife.
: G.Yf The working fiuid, potassium, shall be used as the seal lubricant. .

]7.¢f The seal, or seal combinations, shall be capable of maintaining
”;zero leakage - in the technical sense - under ali conditions

[5ot operation.
3 s,v_“rhe_seais shall be designed for a 1.0 inch diameter shaft.

%ane seeis§shni1 be capable of operating in a zero "g" environment.




Tho soal ovsluatlon shall constst ol' L

'1LPrellnlnary expertments vxth wator.'
‘_gdopfﬂoor~ooerotiooa;.dcreeoéng teoteyiiﬁ>;igoio.meial.‘k
‘el}?i;};;léofo;;o?.;esﬁ‘olgh iiquio’oetel.
1fﬁ§égotﬁod}_rxte¥festieiih rzgolo het;1.

-

/;'Toeeﬁalo evehtsfof this reportipg period are:

Vf»t., A theorottcal investlgatlon ot rotating fluid ring seals has
N ;been completed The analysls predicts the performance of plain
rotatlng houslng and rotating disk seals.

, '2} f~Thexexper1mentnl 1nvestlgation of the interface instability

e -.ossociated with rotating tluid ring seals continued utillzing
“the weter seal test rlg in Building 302. The testing provlded
adoitlonal data concerning the extreme operatingvrange of the DZL.

s o o g I e AT (0 SEYE g A R g e L S a e e

Ll :i . seals which were designed to alleviate the interface instability
N "'1: ' Lo ' ‘problem. So far, two seal concepts have been developed which

o isuppressed liquld leakage up to speeds of 20,000 RPM.

3. ,1Water -seal testing was also performed on the rotating disk—squeeze
]E : T 'Aseal contlguration to obtain additional test data for correlating
i 0 the squeeze seal results,with theoretical analysis.

4, ,Tho open looo of the water ‘seal rig faciiity was oonverted to a

T LR N T Y

.2
L T
t.......,‘

_ Close loop so that other fluids such as oil can be evaluated as
1 .§eo1ing:f1uids. Seal testing’ for the SNAP 8 proJect using
' Dow’s ET378 oil was: ;nitiated. This work was performed under a

f,sub-cootreot:fron thevceneral Eleotrichdvenced Technology
;Loborttory.i;aoth DZL (Dynamic zero leakage) seal configurations

Twhiohlwero_prov;ously'cheoked out in water were evoluatedeithA

A*‘Thlsjreportiooﬁers progress during the quarter ehdlnglbctober 15, 1963,
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ihiifvacuum seallng -as successtully obtalned at speeds above -

this Ilutd

iif he extsttng seal contlgurations deslgned tor watar operntion e

Tho ET 318 has a considorably lowor vapor

brussure-temperaturo : rolatlonshlp thnn water. Thcretora,

Q‘Qattcmpts have been’ mndo to acnl atmospheric atr agslnst a vacuum _fﬂ’

ifkot 29 lnch Hg utlllztng tha cunverted water seal tost rig. Wlth

‘yo,7000 Rpm. The tests were basically of qualltative nature however

 f;no’113u1d tluid leakage duo to tluld ring interfaca instability

on - the Qacuum side could be observed up to tho maxlmum testing

ﬂ‘rfspeod of 15 OOO-RP! wlth the seal conflgurntlona dasigned for the_ .

; llquld netal test phnse.' The seal lnvestigatlons with ET 378

]roil continue.‘

- !anutacture of the llquid uetal seal <est facility conttnued
';“gcco;ogyg to the rev;sad schedqle. Installation of piping and
'ﬁ_hnroio;o ha;‘beén'?&% completed.

‘,The liquid metal seal test rig mnnufacture continuea. All drawings

;‘on the basic test rig 1nc1ud1ng the liquid metal seal configuration

L have been tinalized. Presently procoss speclficatlons for

tmanufactnre a;e bolng prepared.

All netallurgical data required for the manutacture of the liquid

metal seal test rlg has been obtained

-3-
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I, THEORETICAL INVESTIGATION OF ROTATING PLUID RING SEALS

1. INTRODUCTION

The contact-!ree dyna-ic shnit leai hasrrecently becono inportant due f

'iig the extreno operating requirements of a space pover syltel. These
i;;“requixanonts include high'rotttiontl speed long life operation in a ~4‘ :
i :vlcuun, and zero 1eakage ot -orking fluids. Of tha vtrioun uothods o!
?’prroviding such a seul that have been inves:igntod one o! ‘the most ptonising
»i_is the slinger se:l lhich consists ot a circular disk in a housinz. A

: 7i ”tluid is introduced tnto the housing and is thrown to the periphery~o£ the

‘housing by elther rotating the disk or the housing. The l'quid fluid ring that

s fomed due to ‘this rotation Acts as the seal

‘ “'% L

It is the pnrposo of this report to investigate the tlow wi-hin tha

) =Hseal_and to theoretically devolop-expressions tor the significant seal

'vparameters.

Iha type<o! tlou within the seal depends upon the seal geometry and the

Reynolds nunber-ot the rotating element. The different flow regiles thgt

- may Qxist qrq:

‘I;. CLOSE CLEARANCE, LAMINAR FLOW. The boundary layers on the rotor and

stator are merged,

‘ ,I5. CLOSE CLEARANCES, TURBULENT FLOW. Same as Regime Ia éxcgpt tha:ﬂth&

B

; jbqp@dnry layéraiaroktn:bhlent.




: ’r'fXIs. SEPARATE BOU!DARY LAYZRS "LAMINAR FIO¥. A core region exlete betveen ‘
3 th.'boundnry-leyere on the rotor and etntor. No chnnge in veloctty 1-

' cted to occur 1n thil core.'

s

EPARAI! BOUNDARY LAYERS TURBULEYT ?LOI 8ene a8 Regi-e lIn except
thnt the boundnry layers are turbulent. ;» v T

t7ls encountered‘ There!ore, thls analyels appttes only to the case ot sepsrate
‘~boundsry layers on the dtsks and & rotating core fluid bet-een the boundary

‘_fleyers.

e

'The follo-lng aesunptions are nade for the case of sepsrnte turbulent

e

boundary leyers on’ the disks and cylindrical wall, Figure 1 ls a sketch

e SR -

ot the seal and shows the various nomenclature. The fluid outside the

i B

‘boundsry lsyers rotates as a solid body %ith an engulsr velecity, g = &m.

| o |

This velocity 1s essuned constant over the wetted eurtnce nnd is in the range

4

v0‘<vK < 1.0.‘ A11 the radial flov occurs within the boundary leyers fluid

axtal;y eeey fronfthe rotttinz disk in the layer on the cylindricnl velllof
 thickness 'v", and radially invard on the statiorary disk in a layer of
‘ th.tknesez,’ The axial pressure gredient in the core fluid.ie zero, and
:the pressure 1n this core is 1mposed on the boundnry layers. ‘The torque of

-the roteting elenents on the tluid is equsl to the torque ot the tluid on

the stntionary elenents.j Radiat tip clearance is so snnll that each side of

'_ the disk can be considered separately, and the axial thickness of the disk

‘13 consldered to be negligible.<

.gAt»tnis tine esperlnents ilth slinger seals indlcstebthnt only ﬁegine 11

. e et S

1£Iows"radially outverd‘on,the rotating diek in a boundary layer of thickness 5,
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“f\expression-for tha trictional_no-ent on eoch ot those elenents i- developed

:ifand then co-bined !or-the rotating disk Boal and the rotating housinz neul.'v"'ﬁm‘

Thil anslysia iu perforued hy considerinz the flow on the ro'ating

= g_disk the st&tionary diak nnd the cylindricnl wali separately.l An ',f

A frictiou.tthue coefficient 1s then introduced and expressionn are P

eveloped 'hich.&llev 4he dete:nination ol this coefficient as a function '

3io£ disk submersion; axial spacing nnd Reynolds number. This coetticient is _

e‘in terms of the !riction torque on one side of the disk only.

The thrust that is developed in the seal is also investigated and en

' expression is derived tor this thrust.

Pin‘lly,_the leakage of a gas. due to absorption of the gas hy the liquid e

‘is studied.

-6
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- VELOCITY RATIO

2. DEPINITION OF TERMS

. " ROTATING DISK sm

A seal ln uhtch a circular dlsk rotatea in n o

sta tionary cyltndrlcal houslng.

>,:~RUI'A1'ING ROUSING SEAL A seal ln whlch thc cyllndrtca} housing rotates :

- and tho elrcular dlsk ls stationary.

-

SUBMERSION RATIO.

‘A tem used to lndlcate the portion of the disk

. that is covered by the rocaung fluid.. It 4s

n-'r

dellned as x =

.o! the dlsk and r 1s the racﬂus of the tluld

‘surface.

' The ratio of the angular velocity of the fluid
‘to the angular velocity ot the rotating elenent. i

. | 7l

'here ‘a i3 the radius o




z._.q

i et B ok

e RS

Pt RSB 56 XA Fidrer T AR P Y A

=B

Al sy W e B, s £ g R Y ¢

o

Fod

o 3 :

THEORETICAL ANALYSIS OF REGIME IIb

'nu -ountu- oquati.on- for th- ndul nd tangential’ diroctiou un

  - '1‘> "bo 'ritten

}-‘s'rmxo-mnv DISK

!hdinl nountu- oquatlon -

'/(“’»'aé'_( /15‘: di‘) /; “elv.-*"‘ _r/)} f"d% ) N

nmnthl mntnl oqutlon

\m) ,__(r ﬁud;) rﬂbr (rﬁdz):. —tz

R(YI'ATING DISK

!udhl-nolontun oqu‘tion

w*——(r[‘; "clz) / zda —-PEZ- -r J%—,fd%

'hngontial--onentun equation

(2b) (r [ VU«-C’.E) -r ﬂ r(r ﬂf‘/d}) = % Z-t

The exact: boundary layer pronl.ea on the disks in this type of flow are not

_ knovn. 'rhererore, the houndlry lnyer pron).ea that have been neuured in

(R ; flov over flat plates have been assunod

. Both disks v-a Vo 7"") ()— k)

o (3’ Statioury disks u_ C (Q (v)

Rotating dlsks.'i LL ar (w \6) [, (3_ '/‘7] + Y‘ ‘? |
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v ;'rhose proulan lllo' the cnlculation of the fol;lowing integral values,

," =

“’g,f-hich can be -ubltltuted lnto the momentun equatxon-. o '
zoth atoka: 5\,4; gu, ,q,q)J j ’a‘z. Su (207) S
3_'_“_,'_.-(4,» summy disks f , ’gzgz.( 733) f Vu_clz. r,f%)}-( 3511;_9
- "‘°“““‘ ‘“”"f Id% Y w’ SC oz-;s)»r w,g( t?vv)+r g’:( 773)

 fude = rw v :(oss)-;-rﬂvs'é‘(sv)

For the cal.culatl.on ot ' , the preuuro in the boundary lnyer is

,'.ar

"assumed to be supertnposed on 1t by the flow outslde of tho boundary layer.

"bln tM.a nov reglne, it 1- tha pressure r!se in the core nnld In tho :

core, there is ‘no ndlal. ccmponent of the flow and the veloclty of the
nuid is given by U = rﬁ. ‘The pressure gradient can be written as

3# eu T which 1eads to Pa—‘ﬁ ’O B . This allows the

ulculation' S e .

o

(s) [‘pbfda "';'P?’a P62r19‘

o ihich gégumes that the ‘pryessure in the core fluid 1s constant in the saxial

; d;rgétion,

: 'l‘he”s'"hear stress in the boundkry layers 1is given byé

’C = , 0 Zlgo[c_" ('c-d%)vq_];‘ o | (vRefe'reyce 2)

; whiéh has been experimentally determined for flow in straight ducts. The

stress and veloclty must be divided into radial and tangential components for

‘use 1n the momentun\ equations.

- o N ; o N — g e T B R
PR O - - LR TR
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s f‘rm

The expresaion '(l.v_- x)7/ % has been develdpe@ into a series

V (10)

L “Js'n\'rxoumv msx B

'l:h& sheu -treu on tho sutioury dlsk can bc wrl tten ls

T eis @)’* )" v (S 4.,)’@1;
- -eow( ")"( 9 ()

B Subltitution ot qutons (4) (5) and (6) l.n the momentum equations (la)

, "".nd (1b) yields T

.107(7_9\/.. VY) _‘ 770,-3 75.1_(73/”__ m?‘_(—z? oy ﬂg/? | 5

e =

; K sy g

34#("/ "nf—- t/n9r,g(r49u,) *‘.‘-ONSGé) r 'f' 7
T

RY;
‘rhe tem 'T.—?. is sun as co-p.red with I and has been neglected By

tntroducing ¢ V.?} yt -5- ancl d '2}" y the tncnoa..,l .

oxpononts ot 7”can bo elhuun«l and Equauon (7) assumes the !ollo-ln‘ form.

$'d +4(1-%) ¢*dT= 24 ¢Fd(;- %)+ 10363 2(1-x) d 7

,.zos7ﬂ””’7/“'67"¢('-4v<+ Eafotee)

384
¢4*-'/'('-¥)¢¢ 0347(,‘9 NN L

! —.2 ._l ‘1’ 21/ 2 ,} .. i}v o )
( V¥ +31K 3:‘4)‘ * ‘

/ ;
' 'z ¥ "— u - -
c = (1- e X&)
The tonowing solutlonQ hmn been introduced:

¢,\( (C.m(.'x FCLXTF)

d >< (d, 4—d X -.\-d x *)

B .' ) L=

-10-_




r

v"”,"'.f,‘ruung thu -othod N lnd p. have to bo ulocted such tlut the oxponcnts of.

‘rha coetucients c nnd d luve been deterntnod such that the latt hand udes ot
"'“,'!qul.tton (13) lt‘Q 1dent1cany equnl to tho right hand nldes. A longthy

. calcuutl.on yields

 ‘,€x1}
Tha fr!.ctioml nouent on one side of.' the disk is glven by
Co:-b;n!;ng Equauon (6) with Eq\ntion (12) gives: | - |

 * ,,,]';2.£13)« m»-'277’(07-25".)(“J é‘%ym %/[ 4 )9 d"

. P oy ot AT o v e 1y RNV N R 5 PRERIA B “ Lo P . :

e | since vd_ is a tmzctton of x, _the‘ integral .%.}_) dx must be integrated .

',‘,"grqp‘hlctuy.: Figure 2 1is a plot of ——wx2 vs., x.

[ —,

: smce the curve is asyuptotic to the vertlcal. axis, the 1ntegration in the

boead

'4un¢o o < x < .02 is carried out by assuming d = x

3 ":( 3554) and Q-

{fff*‘-a‘z B)ho s os
S =P (3) 8 °2n-<ms) v

551'11:9 uthod o! Vsrutton ot Pnrmtorn is used to aolve thou oquntionl. C

l.n Equtton 6&) are difterent only by tntegors.. 'l‘his occuu -hon

i ui ki,

e g ' /1.0 3 7 7 - - |
li- X" 7}) b/“’ ( ?ssq-/oezxr. 8NV+33'77><)

© b= x 3 7’5”/‘(9259 189 X+ =G mf‘) |

15/4

1/10 1/20 3/20

(-->
2

“’/4 15/*( which gives

—

o ¥ 55y

f-l.l-
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S tntezratlon of tho reualning portiou ot the curve 1- performed by planinotric ‘

: 1v‘:f'.xlethodl."

~ae VY) =27 (ozzsj P 7!

Tho llmtts ot this 1ntegration depend upon the vetted portlon ot

» fthe dtsk and hnve beon tnken as X = 1, 0 .6, ;4, §nd .2, yhorq X 3:1.9 1s ..ﬁ'

e he caue'or a completely submerged disk. Thblg I gives the vnlﬁep ofigﬁé”

*;;lntegral Ior the various values of X,

TABLE 1

RIS O I T .336 | o .3t

.6 A~ - .367
4 .292 . 329

2 . 288 o .232

The total friction nomentlfor one side qt the stationary disk is therefore:
| e,V % - (0 |
ﬁ b Z:T(.ozzs) ,0369 + ("ﬁ) dx
. v ; AL

. For simplicity, let C, =  .0369 + L“X)

1

on d

The values of C, are also given in Table I. Equation (I5) can then be written

%

5%
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- ;and (2b) gtves the muontua equatlons for - th& mutlng dlsk

;(11) 1" r'zé’ 5‘ = —. ozz,g(—- Vo ’/4( ,é)% e

f -3#w(2+ﬁ><r U“S)

as)

‘l'ho nubstitution ot Equntzons (4) (5) and (&) lnto Equstlon (2:) ;

iy zo7(r vp J’) - 0278r2w2§'-f-. /9¢s‘r uu,eé'- W?Brzﬁzg

~ 409 r Ig(r(g-g) R |
ozz: 2V e\ e
Eoks () [rc 5),.4.,]

: (Sée Footnote)

In :t‘heso“equatyloins o has been replaced by s.)ﬁ by w-£), and Vo by V‘o.'. ‘

Dropplnk thé bnéket ‘terms with ‘the 3/8 exponents and substltut!.ng

lnto the nc;mentuu equation results in:
-_""7‘4-" "eL (w-—ﬁ)— 0278 w"r-—.ﬁw wﬁi‘ +. zzz 82
. v /
=02 ( ,) A (w-& 7

o Poq~tn9!:e; R )I ‘means vde_rtvatylvey with xfespec; ,to r or 2,

Ao cova) wons(HHog¥ |
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3 o .»""'rhese equtions can be solved as: '

aL."" (—g) 0178 4 & (/?w) 222

o »-z—’--f  B(resy - 2w

e <—9“°< ) [ (3;";25;0% ]

‘The trictlon nonent on the rotntlng.disk is:

'[‘ r"c{r«

 }and the shesr shear stress on the rotattng disk is:

| J.<zzﬂ)‘.v.'2‘ = .ozzS'F ) J" (w-s)
;1:Substltuttng Equatlon (18) and (22) lnto Equatlon (21) gives the moment

| _:(23). Mr- 211'(0123),9< ) (w.g) 7 “/sdr
o 2

l r

' ~Lett1ng X = '_ZT-" allows this expression to be dimensionalized and

'.1ntegrated to glve the moment on the rotating disk

;z.., mf-2'f<°2=$)r0( r) (-8) /ﬁ "(:—x)' ( a.a/x)

ez (ene(3) (350 f -0-5%]

el
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TfﬂECYLINDRlCAL WALL

% oo |

[y

f”Tho linal portion of tho soul that must be considered is the cylindrica%

Tho nhear stress at tho wall in givon by.

o Yy
ﬁ-%.m.zs,a(a./g) (""‘)

:nl;This is the shear stross tor turbulont flow through a circular p Je, 'hich

h'is given in Reference 2. Assuming that the boundary layer thickness é is

“VI;equal to the boundary layer thickness, éf R at the periphery of the rotattng -

desk and utilizing Equati"“ (18) results in

(zs)a_: ,ozzS’ P(—)V % og/

_‘Tho,nooent on stationary cylindricalhwgll is then ‘
@ M= 2iras Z‘c:Zr’r(.ozzs)F(%- "s(g

'CAICULAT!ON OF =
a7y

The torque on the rotating parts of the seal must be equal to the torque

on the stationary parts.  This requirement allows Equations (16), (29), and

' ’-(31) to be combined so that the velocity ratioé can be calculated. -The

(0%}

tvo types of soais_thnt are being,Considored are the rotating disk seal and
the rotatingihouging seal. For analysis purposes, the main difference in
thoktwo_senls isjwhother the cylindrical wall is rotating or stationary.

Each case 1is conoidered seporateiy and the differences can be readily seen.
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’7‘131mpllfying and latting c,

Rotating Disk-Statlonary Housinz Seal

Jror the case o! tho rotatlng disk seal tho cylindrlcal -nll ls stationary

' fand tha no-ent on the statlonary purtl 1- the nun ol the -o-enta.on.the ‘ .

fstaticn&ry dlsk and the cyllndrical wall, or’

m‘*"zﬁ“mf).o % "5""@ |
| relemgp() d%s/ﬁ? e
”zr-z»-(ms)pa-fffw et o) |
""’ (4/ C ) o22¢ R
" “ . J ( [ (3'3ﬁ-+.509—)°\ ] |

and

. » 11019/ '7/
7/ T = (——’i),g"c

'7'~Tberetore P

) ' ""(2'8)" msr»— 2n' ( o2 ?s),ocz.u‘k(——) [C (’.3 +.S.]

‘-'Equttlng the moments on the stationary parts and rotatlng parts gives

i ( ozzs)pa.‘é'( "J)v" ’/‘/( ,Cy + 5_] |
Y\ W N\ W 7& 2|
= 2 3 33 (ozzs"OGz_ ( ) ( /) [ ( -i‘) ]

Cy =:n vl:--(l - ‘)23/5 ‘ yields

e 3+ S-S (2 by

O T S




o .:'rhe vatue ot_ g that utisues Bquotion (29) can be obteined by plotting

0 tho le!t band sxde And the right lnnd slde of the equation agalnst the

' W_.velocity rstio._. 'rheir 1ntersection 1- tho value ot z‘ : !or \vhtch the L

"-~4‘~\nomnts on the stationary and rotating parts are ldentical. Thls has been

“"done 1n Flgure , J and it can be seen that only ono value of 'g , exists

‘--_'.;for each value of s/a. snd x.. .'

a -r

o ,-Pix\ire 4 - shows i'the variation of K = : ~ with for various
‘vsh.es ot s/n. It cso be seern ‘that as the'smouot of submersion 'decreases,.

o the velocity rstio also decreases. "'l'hls can be'expla:l'ned’ by the Iaet that‘ » ,

as the submersion decreases the area of the cyllndrlcal wall plays a

‘ . proportionally greater part in retardlng the rotati.on of the tluld.

B, Rotatiyng Rousiug-stationary Disk seal

e

In the rotating housing sesl the O‘yundricsl vau 1s rotatlng and the
) ‘ noment on this 'en must be added to the moment on the rotating d:lsk aud
o |
o r{ their sum equated to the moment on the stationary dlsk
il " . Equatien (27)_ must be altered due to the fact that the velocity of
o the fluid relative to the wall is now (u)-,-ﬁ ) instead ofﬂ . This leads to: -
¢ | : l?/ o 7/
. (29) m 2 ozz.s) (4/) < !
o € P a Ts 3
T The totll torque on the rotating parts is:
R m 235 1 4/ " 7,9 o
R - 2;—;—( 0225‘)(00. ( (6 2362 +.S.]

L Bqustlng (16) and (30) glves: - _
T T
- (31) 1y s .s:;

s




The solutlonn of Equatlon (31) are shown in Figure 5 and Figure &

‘8 -

R shows tha vnrlntton or x with :

: Just ns the cyltndrlcnl vall retnrded the flov 1n the rotating dlsk
: -seal xt adds-a drxvlng surface tn the rotating houstng seal and results

vV;p”ch:easgs vaLueg of K, par;;cglarly for sqall submers;ons,

‘TORQUE COEF?ICIE‘T

e

Lorooe 1‘ The coetflclent of !riction torque is detined by the expression

Tt mte A RN £ e

"f{?.' o By equatlng this deflned torque to the torque on the rotatlng parts (Equationsb

‘24 and 30), expresalona tor C. are obtained for the rotating disk seal and

: the rota:$ng housing seal. It is again pointed out that this C, is for one

side of the disk only.

. A.  Rotating Disk

Equating (32) and (24) ‘yields

' quat ’ A4 /
C _. | ‘fTT' 23 (o‘e.zs‘)(‘.z.(_) ( )‘I 7'/4,

T aFw*r
' Detniing _Rcynblds number as Ee - \*7310- and simplifying results in
V ' - . o — -
@y m= (plb ( Z - /) (%) Ys
S R . E? Z? v

: Thls equatlon has been plotted in Figures 7 and G to show the variation

"j of c with ‘”3—§-£ and s/u. Since Figure 8 shows that c is proportional to -
: (S/&)l/lo, the followlng solution was assumod R R

~1R.
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-«@g;cm;~ ()
7f~A P°1Yn0llll Oxpression to A in torls of the subuerlion ratio, x was
"‘ft;obtslned by curvo rltting lnd is -hovn 1n Figure— 9

“lfitcolblnod wlth Equntion (34) glves the frlct!on coefflclent for ono side

J:ﬂol a rotutlng dtsk 1n : stationary housing

e e

.ot the forn :

: 2
(an C‘m = U") 5

: To Iacilxtate“;o é of this etpresslou, tha polynomlal ln X 1s plottod o
Ltn Figure 12 R TR o

&)~

. Thio polynonlal

oaé-f- / 32’— Z&s‘x e /07 Z)

ﬁ. Rotatlng Housing

In a nanner slnllnr to that used tor the rotating disk seal ‘an expression .

‘tor the torque coeltlcient 1n the rotatlng housing seal can be written as-

o  ng$3$, f'.c_,,, = | yn—( é;'zg) (& Cz"’ i)z'; (8 ) (&L 9/3- ‘

Thls expresslon has been plotted in Plgures 10 and 11 , which shov that ,‘

_C varles wlth approxlmately the one flfth power of s/a. Therefore, a solution :

o E 1/5
s 8 oL
: al3)?
Ca = 1/5

.was attempted and the”folloilng polynomial for A was obtalhed.

A = .0149 + 1813 x -.241 x 2+ 106 x 3

) This gives an expression for the frlctlon torque coef!icient for one side ot

a. rotating housing seal. R

( 014G +. /8/3x - 2w %" +s06 ><)

a0




Another meortnnt constdcratlon in thls typo of scal 15 the thrust

:’that tn developcd due tn the unequal llquid levcls on thc two sldes ot thu s

dlsk and.'o the dif!oroncn 1n the angular veloclties ot the liqulds on the:

\ ]oppos1te sides of the d!sk.

‘Cdﬁsidéf thé thi guration showu below wh'ch consists ofa rotating

'j'and a s at‘onary dlsk Thn radius to tre lquLd leve' is denoted by r and‘F ‘

7th9,s'at!c prcssure by P ;"

k
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f'”»ily The pressure grad'ent within the fluid can,be written asy
(a9) =f

:Assuminz‘jp and /g constant over the entire core fluid allows the calculation

t
[ R~

>v_of the. hydraulic pressure dlrference between r = Ty and r = a,
IS *<,a,_s>_.. | -Lﬁ /*f 5

-.’The pressure at any point 1n tha liqvid can then be written as:

T AR e

i )0




J'. 1he‘tﬁrﬁbf'onap §mqi14d££!ored¢1§1'et”jrqj'dA‘ie ’

‘thrust on the dlsks due to the hydraullc pressure.

Combining Equatlons‘(di) and (42) gives the thrust due to lhe hydraulic

‘pressure of the rotating liquid.

@ g @R eR)

s

f(41) f~ >_ PdA

"ff7lntroduc1ng the nroa (jﬁ? 2?,r71Jr-nnd ustng Equatton (40) yielda

r '»f‘]"_f_f(42> d F [- Fé * £ 5 2( r- .] 27 r‘ dr

f: Integrating thls expresslon betveen the limlts r= ro and r = a gives the

j_m) F—n"F(o_ ,-)+ __eg (a. o ) _7.,45,_ (a}_r;,_) :
| sweuityieg | | o
0 Fe R ) £ 8@ R)F (e )
jgo'.ever','t_:q?mon (40) ’shove‘t-hat} -
a;;_ Fr- ,:;, = ﬁg (- nz.)

'vhere‘PT 1s the pressure at the tip of the d;sk. .

ln order to apply this equation to a rotating housing seal, consider

- the folloving sketch of a typlcal seal:
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’ 1'l'lw th.rust on t!w dzsk h the algebnlc sum- ot tbo hydnuuc and static »

'_'-Jithmst o both nldes ot the disk, or

rsrm cE

‘ Applylng Eqmtlon (48) to both sides ol the disk and assunlng that tho

pressure on tho 10- preasure slde is zero, glves the resultlng thrust

» [Sﬁ!alifviﬂs -

| '5‘,‘"’-' FIR@ )T R (rnY)

: DIFFUS ION

'l'he space power systeua that ‘use fluid ring senls operate with a limited

: supply of iorklng ﬂu!ds. These nuids often constst ol pses as well as

s liquids 'hlch -m the problen of diffusion of the gases into the liqu:ld

A__‘an lnportant one, ‘Since the nuid seals are otten open to the va\.uun ot .

‘ ﬂspace, any gas thnt ls absox'bed by ‘the llquid can vory easily be lost from




Thts problo- cnn bo spproachcd throuzh tha theory of torcad—convectton Ji“*v

‘“ jIlll transtor) :s presentcd in Rafcrancc 6., Tho nbsorptton of a gll by tho»lk’

"3A lutd~r1ng in l senl Xs»nnslogous.to tho ab:orptlon of a gas by a falllng
‘5.3111- ot liquid. Tho gan 1: a:-u-od to ba only sllghtly solublo in tha f
k }, 11quld and to dt!fuso lo slo-ly thaz 1t 1111 not penotrlta very far into

e ftho uquxd tzgure 13 u a ketcb oz the seal shoving the liquid rlng

'fkthat ls assu-ed to cnpture tbe -gas.

Tha exprolsion tor tho dlf!nnxo : tﬁo_kas into the 1iquid is

;}tﬂ’:f(m ij 2n‘r‘s C

il

',vhero ﬁ 'C ‘é, nolar concentratlon of the gas nt the liquld surface = -17- -

I I 'iolecnlnr welght of the gas

D = Mass diffusivity of the gas in the liqdid.”

"AsSuning thit the gas behaves as a perfect gas allows the reduction of

Equatlon (48) to the Iollo'lng toru-

'_,‘,_:(49) w- 9,,,0 rs¢é { ,\1

""he?_e .

| S~

D = cmfsec

P = lbs/in’

cm,

I e I
"
"

‘s _Q cm

223




~:Ir1ng ot A sllnger seal can be appreciable.w%,

Equation (49) glves tho rata at whlch a ga- vlll be ablorbod by tho

~‘[l»11qu1d 1n a slingor IOII. Tho -aJar ltnlt-tion to tth thooretlcal equntion

) not avatlable tor :ny ot tho fluida thlt ure acceyt&blo for aptco povcr :

~y af§ystens. The nolar concentratlon of tho gas ut the~11qu1d intertacc 13 also :
Vl”idiftlcult to predlct nlnce 1t varies'wlth the pressure and tenpcrltnre,

rfiund vith the rltc nt -hich tho ltqutd-vtporize-.

Tho use ot Equation (49) 1s shovn in the follovlng exanplo, vhich

:_;éonsistg o{.vgtgr and air. Assuna that air behaves as a pertect gas at

fséiflgvel condition.

';»-’ch'.[j\_,e."329x,a -;g m__ﬂ_;:::

"I

‘870'5."’_-:3 Dk

" "‘3_"1 l’cm‘x; r=2em, P47 ,m T=S30°%

| 2 %10 C'.-.::..z) W= 24000 RPM Ke.s
: L 8 2, , T

g7ogn2(z)§/~/. )rx/o :)thqxnv( s)

“.e
L}

\'Therefore

my e,

g 'This exanple sho's that the loss of a gas by absorption into the rotating fluid

L A24-

tho'dotorninntion of an lccurata vnlne tor the mass ditlulivity. Valucl 1f_ffaf~ﬂ"




‘ince the only publllhed datn on thts lubJect that is avatleble covers T‘,

Z'the cese ot e co-pletety -ub-erged rotettng dlsk -Lth a ntattonary houning,

patlson vtth extsting results :ust be -ade on thls hanls. Figure 14 '

},contalns a ploz»ot trictton coeftlcient versua Reynolds nunber for a

ot colpletely suh-erged—dzsk -1th s/a  =,;.115 (Reference 1) and a. plot ot

ﬂ; c vezses Reynolds nu-ber an taken tron Plgure 7 ~ for x = 1. 0 and s/a = ;;10.'

;;ﬂ!*As can be seen the dtf!erenco bet'een these tvo results is not too grent.—

[ RN ".ﬂ' T Flgure 15 ‘ 18’& plot o! the neesured values of K as a function of
»[s/e tor n conpletely sub-erged dtsk (Reference 1) lnd a plot of the nnthors g‘~1”
»theoretical results teken !ron Figure  >4 » These results nleo agree,very

:"vell.

‘ynscomxmuous FOR FURTHER STUDY

’ »1 Tho velocity pro!ilee thnt 'ere assuned have been ehovn {(Reterence 1)
to bo ecourete for Reynolds nunbere lees than 10 . Abovo thie velue, little

. vork hae beon reported. It would, therefore, ‘be boneticinl to measure the

V_lih e ,-‘profiles tor Reynolde numbers ;renter than 10 , and to nodxty the theory that

is presented here to 1nc1ude these new profiles.

2, Another ettect that has been neglected is radlal flow within the core.v

;This flow has been observed but an attempt has not been made to deternino

G T3 i

'[:'k V: V'the_e(!ect ot this f}ov on the torque and velocity ratio. : e
8




”Tho rust cnlculntton ln b:sed on tho assumption thut the core tluiﬁ

xrotates a- a noltd core and hence the veloctty ratlo ts constant.' It has

enﬂobsorved~that the eltect of radlul tiow 15 to retard the rotational ‘

iy veloctty ot the lluld :t small radll ln allect thls makes the voloctty S

f:rntio variable vtth radius and thorefore makos the thrust equation not

‘ff:gexactly corroct

L S I

st

UL g 0 s e




11, FLUID DYNAMIC TESTING

‘innvestigatlon e DZL Sealq

'Fluld dynamlc testlng ol two dlfferent DZL (Dvnamic Zero Leakage) seals

-:f}:uslng water as the worklng lluld continued Most experiments were made with o

ulethe wlde axlal gap DZL seag, because lhis configuratlon will be 1nstalled oni,f

y

fi'the llquld_metal seal test rlg. Varlous axlal clearances,wlthln the seals ‘

fand varlous’radlal clearances on the cloae clearance portlon of the seal

B lffwere investlgated.v This 1nvestlgatlon necessarlly included the manufacture
fol addltlonal hardware. Thls hardware was manufactured from aluminum and
t'fplexlglass and theretore did not requlre lone lead times to obtain. The
""results of the testlng of this DZL-seal revealed that the inside axial vldthr-
e of—the DZL seal was not critical for acceptable operation of the seals. Thel
’iradial clearances required within the seal were neceasarlly small to llnlt
_the tlow of sealing medlun !rom one chamber of the seal to the other. This

-';linitatlonlpn,radlal clearance, howeyer, is acceptable since the clearances

' whlch‘nrovlded acceptable operation were several times larger than the

-

[
(S

'-bearlngvclearances_ln a8 normal turbo machinery design. Both DZL seal

1]

’contlgnratlenywith water as a working fluld were successfully operated at

"
~—.

. -speeda up to 20,000 RPM without any loss of liquid sealing fluid due to the

RS swor

1nter{ace instability occuring at the inside -diameter of the rotatlng

.} o ’fluld ring on'the statlonary wall of the seal houslng. Sufficient fluid

dynamlc lnformatlon on thls llquld metal seal contiguratlon have been

‘Lobtalned by now. to flnallze the seal test rig deslgn.

481 o i s
P SR
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Add!tional lnveatlgntlon ot the Squeeze Scal v

tter completion the investlgation oz the DZL seals the test rig was

"‘*disassembled and set-up vas.nade for testing niscellaneous squeeze seal

:”conflgurations._ Durlng nnalysis ot test dzta 1: became apparent that

’1*;severa1 operatlonal rcgimes ot the squeeze seal contlguration were
'fé insufficlently covered by tests. Therefore to complete the squeeze seal

:‘e;test coverage and to allow proper analytlcal interpretation of the test

results a total ot 14 addltional tests had to be performed The testing
~:fwas done at- tlve speeds up to maximum pressure capablllty -lth a constant

f >cooling !low maintained wlthin the seal.

"Slnce the purpose’of»the testing was .to obtain data on the squeeze

";seal operatlon and nllov the accurate prediction ot 3ea11ng potential and
 nower requirenents 1: was necessary to test the Iudivldual portions of the
~ see1. This nennt.tnat the rotatlng disk and’;he squeeze portion of the senl
.ﬁgéié];e ee senarafepy.tested., Theretore, tor one half of the: tests, the

"‘disk nas.renoueovfrom tne test rig. Water was then injected within the
’:close clearance squeeze portlon ot the seal and the leakage from each end was
_ mcasurcd The prassxre profile within the Squeeza portion of the seal was

7measured as was the torque requirements. The data from this testing is

presently being evaluated.

3. . Evaluatlon of DZL Seals With 011 ET 378

The SPPS Operatlon was contacted by General Electric s Advauced

_,Technology Operatlon to evaluate DZL seuls uslng ET 378 organic fluid (Dow .

'fCZChemical Company, Bls (Phenoxyphenyl)vns working medium. . This_ fludd ls

-2%-
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h‘intonded as bearing und senl tluid of the gonorator for the NASA sponuored_‘

‘3“both DZL seals did not leak iiquid organic fiuid up to thc maximum test

“”ng'f81AP 8 project nnd hnn spocial outstandinz fcatures.such as Iow vapor

5pressore at elevated temperatures (See Pigure 16 ) : The high price and

f”p:its liuited availability forced us to convert the open ioop o! the wafer

"‘ eal rig facility to a ciose loop (See Pigure 17 ). Both water evaluated :
-DZL seal contigurations were tested -ith this tluid : Basicaiiy.Seal
¢pertormance concerning liquid Ieakage due to inter{ace instability ‘was

".vvvery much the same. A!ter proper operation of the close loop seal tacility

L

'1speed of 15 000 RP! vhiie the seals vere running in normal air atmosphere

and were not subjected to a pressure dit!erence._ igure 18 rwas obtqinedv

. during inuertace Seabiiity investigation of the nas;row gap DZL seal. The

. photograph shows typical DZL seel operetion in air atmosphere without ‘sealing

a pressure difference. The seal ‘was photographed "hile operating at

. S,QQO‘RPM.‘ The entire seal disk cavity is fiiied with rotating ET 3:8 fluld,

‘o’theVer”no liquid leakage can‘be observed ieaving the seal through the gap

formed between stationary ple‘iglass sleeve and rothting shaft as seen in the

_‘center o£ the‘photograph The 1eaking fluid which can be seen at the bottom

'of the seal housing resulted fron leaks through bolt holes along the periphery

ot the stationary plexigiass'seai eover. During trinls to seal pressurized

o; nitrogen or. air, a pecuiiar pheno-ena was observud The organic fluid
‘ rapidly dissolved the gas and became foamy. bealing against pressurized airp
f‘was therefore not too successful however 1t pre9>urized gas was introduced

;'on the DZL seal side liquid ieaknge due to fiu*d r‘ng in;tnbility did not

"ewoecur. o




Attcr the oxpertence of senling pressurized gases 1t was considered
Tquite unllke&y that the ET 378 would be a good enough sealing flutd to seal
:j:atmospheric alr ngainst a vacuum. However tests were arranged'to eheck

ef:both DZL seal conligurations under actual vacuum conditlons. HA'typtealv”

3"“narroy 8gp nzL seal contlguration facing the vacuun chamber together vith

“uﬂa rotattng dxsk-squeeze seal arrangement faclng the atmospherlc air side.

k7Characterlst1c&1 pressures and temperatures as obtained during testing up
. v
to 13 200 RPM are also indlcated After prober seal flow and speed setting

'g(up to 9 000 RPM) the vacuum chamber was evacuated by a mechanical roughenlng

o ek A BRSNS 5 3 1 e s il et . L oo .;
l l ‘.: L . o Ge

test speed ol 15 000 RPM wlthout liquid leakage due to interface instability,.

The mgxtmun speed was limlted by the frictional heat generated in the seal.

[ "'ﬂipump down to ”8 9 1nch Hg. Surprislngly thls vacuunm in the cnamber during
i ;

Lu - the seal operation could easlly be maintalned after a valve in the vacuum
,:jirgfa ‘ ’_extrtcggon:l*de was:cloeed. ’Ne ledkage due to foaming ae observed duriug the
:z; :i ;i;} i 'wtp;dlsitogseel preeSurized,gaees could be detected. ‘Afeer inpeovink changes
B § .dvvf of §he seal hapdwere both DZL seal configurations were capable to sustain the
"§7:Y; :TA' :‘vdcuum as - produced by the roughenlng pump between 7000 RPM and the maximum

' _,‘Jf ”.[
.  1[}; o

" The resultskot éheée.elmple_tesis increased,conslderebly the changes'ot

==

L successtul application of Dzbiseals in liquid metal systems,

N cene RE
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fset-up for vacuum seal testlng is shown on thure 19 .f The figure shows .the




" 1V, LIQUID METAL SEAL TEST FACILITIES

“,_1. ; Scnl ng Facllity

L yres BV e B Srmces SO L

The manufacture.ot the 11qu1d metal seal test tacillty is proceeding ,_.5]

‘1laccord1ng to the revised schedule. To date conponen's and all the frzae-

_5vork ot the test facillty have been compleced »P gure 20 shovs the complete .5"

-

rﬁ&?ssepbled.facxxity avaiting a mass 59e°‘r°ﬂe‘9f leak ‘est,be‘°’°‘1‘ *’

. moved to the actual test area in Butlding 3l4. . S T

The installation of the 11qu1d metal seal test facility ulthin
l’Building 314 requires considerabxe addltlonal 1nstallatlons to the existing

',fbuilding and the facllity. Argon supply tor the test rigs externally ’

ii .fnpressurized gas bear!ngs and controll 1nstrumentation for facility and the

; "seal-rig have to be installed, before checkout of facllity can be init;atedex
& ‘2, Seal Test Rig

E ” Hanufacture of the llquid metal seal test rlg continued during this

E 'eporting period. Primary manufacturing emphaslis was placed on the cold end‘
-? “of the test rlg where the test turbine and gas bearing portion of the rig

§ :vhis located The sundry small parts necessary to nount the test turbine on

v tne rig were manufactured. The hot portion of the se&l test rtg, the part

- which eperatee actually in liquid metal and houses the DZL seal, has been

'epmpie}ely des{gned utllizing the seal informntlon obtained during water and

organic’flhld seal testing. Presently manufacturlng specitications for the

-::individual test rig parts are, being propaned and at the end of this month

’ v‘all drawings and the pertluent 1nfoxnmtiuu‘ shall be in the hands ot the .

o manufacturer.; All torglngs requlrod Eov ‘the test rig have been delivered. Thiani

”uplncludes Korglnhs or the followlng matovlnlx' 316 SS, Ro;.iahand Waepallpy.be‘lff;
. Do E - Voo , : B U

~31;‘




¥, ELECTRON DEAM WELDING OF REX 49 MATERIAL

As discussed 1n more detoil 1n the last qyarterly yrogress report

g nex 49 wns selected as the gns bearing shnlt material. uanutacturing

: ”'fcorstderations made velddng of shaft parts desirable however, znsufflcient RS ‘
hllnform.tion on weldtng ol Rex 49 torced a detailed investlgation of this
i%ﬂmaterlals welding capabllity. Two approaches to the problou were constdered“

) L*to delermlne the best contlgurntlon and requlrements for the weld process, n;;, S

:”?llrst Ielding the components be!ore hardenlng, nnd second welding the

*»components ln the hnrdened condition.

e i e 3

L
B could be closely approxlmated. The assembly was tested wlth the

o rhe‘conpos;ixon ;: the aeg 49 ua:e§1§1 1s:
, xSt o ¥ ¥ ¥ G
n 110 0.5 ee.ao> 428 6.75‘1 3.7 ”2;0' 5.0
ﬁ :, h;~']7f The high carbon content and the lerge amount o! carblde forming
gf;5?[}e¢’ "constituents 1nd1cate that fusion weldtng this material ‘would result in the
':fV{E C yformation of brlttle martensltic structures. Electrcn beam welding was
N BT O , » s e
R & ﬂvj,; . .Lconsidered because of the sh;llow hcat affectsd zomes produced by Lhe,process
’t nléef.i , nnd nhe ab;;ity.of_the:electron beam to penetrate to the dépth required,
'1‘:'113 :‘ . 1. - Test Outline
:‘ﬂ;¥[§ E -li. _The oimensione used in ihc teet epecimens were teken from the seal
‘;‘i.: :ii: ) ;shaft deslgn so that ‘the actual weld and heat treat stress conditions' .
,'é:iliif .

i‘;plug;f;gt;ng ;posely nnq,~1n»oﬁ§eggnd'1ns:ance, w;;h a shrink fit.

=32
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K'The orlginal one-half (1/2) inch thlckness of tho plug was e

ii‘decronsed ntter nn 1nitial weld trlnl to one-quartar (1/4)
‘ﬁlbtnch when thls was tound to be the maximum—depth ol penetratlon :

.grxex_the etectrpn‘beam welder at 90%‘o{‘power.

f;tThe materlal was 1n the spherodized annealed condltion as received

'7ﬂtand the first welds made were on specimens in this condition.A

'Alter welding, the assembly was checked for cracks and promptly
'Hiujxtempered Following the tempering of the weld the assembly was

r*annealed and heat treated accordlng to recommendations o! the

Cruclble Steel Company Data Sheet on Ret 49 i. c., pre-heat at

_1525 F austenlttze Illteen mlnutes at 2225 F, quench in molten

o «ﬁsalt at 1100°F alr cool to 150°F and tempered immediately at

1050°F for t*@.hOP?S, then two houre each for two treatments at

1250°F.

A second series ot specimens were hardened as above and tempered

at a selected temperature before welding. they were re-tempered

’at that ‘same temperature 1mmed1nte1y followlng the weldlng

':operntion. ‘Ihe hardened specimens were evaluated at the follewingr

three hnrdness‘(or temper) levels; i.e., 1650°F (Specimen D),

";QSQ’FV(Speeimen E), and 1250°F (Specimen F). As will later be
_ shown, preeweld hardness dld net nppear to affect the weldability

" 'or resistance to crecking.

;:nThe machine used in thls investigation was a 150 _Kv, 20 & A.,

',f?Hnmllton-Zelss electron beam welder. Activation of the electrom

W“fbeam*was limlted by an envlronmental pressure requirement of no

"vgreater than 5 X 10'4 mm o! Hg.

-33- -




"*lPre-hcat and post hcat ol the samplas was accompllshed at 100 KV

.nnd 2 ! A. resultlng ln a temperature of approxlmately 800°F:

:j’at 120 KV and 5 M.A.

weldlng was sccompllshed at 150 KV and
& 14 H A. The speclmen wasﬂrotated to provlde movement of the f:
electron beam around the weld. A clrcle generator 'as emplo}ed N
}so as to knlt the Jolnt for optlmum lustlon of both components.‘
' Flgurc 21 lllustrates the deslred weld splke and the resultant

‘5Lpath‘traceq by thq elec;ron besm vhen the circle generator was

l;employed.

_ﬁ, ”tDlscusslcn

l ‘“[1.".ieldlng q:,ghs Rex 49 materlal was done first on’the as—recelved‘
. ' 1anneslec samples. Pre-heat by the electron besm of approximmtely

‘[ﬁ l% "ll f'l;‘ o 800 F was employed on these specimens. Two of the three samples )

‘,cracked before stress-rellevlng could be accompllshed

e

a. . The :lrst speclmen'(A)'was successfully welded and immediately

=

AR A T g e 4
'-v& »3

.wnslshnealed and given the recommended hardening treatment,

‘tempering at 1050°F and 1250°F.

‘,Figuro_az'_shows the homogshous condition of the weldment

- ST b <t e e 2

l . after heat treatment. The weld is stress cracked near the
- polnt of the spike at the weld-base metal interface (not

‘'visible in macro).

aireaw Aoy B 4wt e d Fawer R e e
AN : "

W3-

k lndexlng ot the beam on the center ox the Jolnt was accomplished S

tempered. . Following temper of the hardened weld, the assembly
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 1Tho wald ot ths socond lpocimen (B) cracked betore ntress- v

‘ifrellol could be accomplished. Polloulng te-perlng ot the

“fﬁftirst wold tho specimcn was repalr welded~. The llrst

A?weld spike was mada at 120 Kv 5 M A., 20 lnches/ninute,;“ﬁ”

-1ff(c1rcla generator was used in 311 instances at a setting j"

b‘if'ot 14). »The repalr weld was made at 150 Kv, IO'H.A., and

'“ ;fother condltlons the same as above, the repair resulted in e

”ff vhgt aypeared to be a sound Joint. Sectionlng ot the

"'apeclnen disclosed a crnck 1n one portion of the jolnt vhere:
»itho :uslon was not cqnplete (Figure 23). Anothe: section
. of gﬁeéiqen b_digclosed no crack; it showed complete fusion

' of’both components (Figure 24),~ o , S

EThe thlrdfannealéd sample qracked and ;as repair véided at

150 KV, 12 X. A._ The spectaen vas sectioned and used to

'  eva1uaLe further weld settings.’

‘The:second geries»ot electron beam welds was per:ormed'oh hardened

and‘tomparud spccimcns; The electron beam was ihdexed_on the

Joint at 120 KV, 2 M.A. and increased to 150 KV, 12 M.A. for

welding.

:Specinen D was hardened and tempered at 1650°F with a resulting

‘~hardges§ of Rc 54, The electron bean was 1ndexed and 1ncreased

"to welding power as indicated above' this resulted 1n a shlft
“,';;°f the beam about .020" radlnlly tnward placing the weld spike

"almos: wholly wlthin the plug. Because of the lack of fusion

SR i i, AR




 bstwscn'plu¢ and cyllndar, the plug llttcd and tdre“the‘

- "rlng materinl ‘am shown in Pigure, 25 . The amount ol

weld bcnd at ‘the tear is shown on FigureA 26 ;‘ Correctlve

<actlon was npplied to following specimens without complete

"firsuccess._ The inabtlity to accurately tracx along the

"clrcumrerentlal weld Joint was responsible tor lack of

”fcompieCe tusion and cracking.
;S. ':Sﬁeclmenqélias~hnrdenéd‘and tempéred ht 1050°F and 1450°F

with a resultant hardness of R, 55 Thls speclmen was

'jvconsldered to be successtully welded when a cursory

exnmination disclosed no obvious cracks. ‘Later metallographic

et < ke s e T

- exauinn;ion dlsclosed cracks 1n the center of the weld;

‘ ihs_locstlon of these cracks is shown in Figure 27.

e

Specimen F was hardened and tempered at 1050°F and 1250°F

with s'rssultant hardness of R 357. This‘specimen_appesred\

i i

also to have been successfully welded. The sample was

: removed from,the weld chamber and while being‘examined for

'cracks, burst audlbly 1nto two pieces (Figure 28 ).

Ry

'Flgures 28 and 29 show that the weld spike was not centered

v

on the joint. Small cracks were found near specimen surface

PN

s

at weld metai-base metal interface,

3.  Observations

A TR § gqneral,,steels having a carbon content in excess ofu0‘50$

'# - require a pre-heat ;emperacure minimum of ‘300°F and a post-heat
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"ﬂiteuperature betveen lOOO F. and 1250 F ln order to relleve tho

'1g1gstresses ol the brlttle weld metal to prevent cracklng._v

"{;grue benetlclal contrlbutlons of pre-heat and post-hea buld

7tﬁfnot be accurately determined in these tests on Rex 49 because

g :Lthe electron beaa was used as the heat soarce._ The electron
:};bean was dlflused to enlarée the heated area but waa stlll
‘iTconcentrated on a snall spot on the surface of the speclnen.
eﬁThe conblned mass ot the speclmen and ftxture removed this
'vheat too rapldly to allow unltorm heating o! the speclmen;‘
‘APost-heatlng 'lth the electron beaa appeared only to effect

"the surface ol,the wald bead.

-'Electron beaa welding of thls material created a very shallow

heat atfected zone as can be seen on Plgures 30 and - 31 ;

'The high hardness of the weld splke can be noted also from the

‘ ~tlgure.

Complete :usion of the Jolnt is necessary because the presence

. of a notch can (and dld) cause a crack to propagate through the

‘brlttle weld metal

-The electron beam does not appear to be controllable to the

. degree reQulted at ‘the high power settings whlch are necessary

to penetrate to the full depth of such a joint.




| Su iz jﬁ'f

The ro-ults ot thoso tests indtcate that successtul electron*benn

"fgi*'elding ol Rex 49 naterial cannot ‘be accompllshed at the present tine wtth

Tlﬁﬂnny degree ot confidence ot electron bean uelding of tool steels. “In ordor»

, to ndvance the present state-of-the-nrt {urthgg»ényestigatlons inte tnctors = "fn

”:i_such ns pre-hent and post-hent tenperntures and electron bean shi!t

.chnracterlstics durtng pover level changes are requlred in order to produce e

:7tolds with a hlgh degree of conttdence.
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Schematic of a Rotating Disk Seal Configuration.

Figure ‘1.
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‘Deteratnation of Velocity Ratios

Rotating Housing - Stationary Disk Seal
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. Figure 22,
 SPECIMEN A:
CONDITION: -

HISTORY:

" REMARKS:

: ,_‘.'b'kC‘rack's

i
2)

3)
1)

5)

-Sphe xjp’diicd ‘Aline'al

Pre-heated :\p‘proximntqiy 800°F
Electron Beam Welded '

Tempered
Anncaicd -
Hardened and Tempered

Minute Cracks Disc(wc_rcd During x\vlctallbg'raph_i_c

Examination. “Cracks Loacted in Weld Metal-Base
Metal Boundary -Near Point of Spike. '
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Figurc 23,

" SPECIMEN B:
'CONDITION:

HISTORY:

- 'REMARKS:

Displaéem

Sperodized Anneal

1) Prc-hcat Approximately 800°F
© 2) Electron Beam Welded

3). Cracked
4} Tempered

=5) Repair Welded

6) Crackud

" Weld Cradk Propogated from Notch Created
“by Incomplete Fusion of Joint,

TCGUOPLIIG

-Gl=

ent Due'tg Weld’
During Sylidifions,
V%g_‘gahdxtication
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Figure 21,
" SPECIMEN B:

CONDITION:

" REMARKS:

1)
2)
3)
1)
5)

}Cx‘vnckcd.(Scc Fi'gurc 3)

iy il i S b,

) Sph‘c'ro‘di‘zvd Anncal

Pre-heat Approximately 800°F
Elcgtrcil Beam Welded
Cracked =
Tempered

Repair Welded

This section shown 180° from Figure 2 is not Cracked ‘
'.ABeg‘;\“usc of Compl_cto Fustion of Joint and Stress Relief .
Accomplished when Weaker - Portion of Sample Criacke

- CGU0OLILY

-y~
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 Location of -
' I"igtire" 6 :

'g_vFi.vgi_X_ré‘Z_S.j 7
ll"c‘oNlj’!rl,‘x}oN;‘ . Hardened, Tempered at 1650°F _
x‘:;S'x_‘om';,: ) Prc-hca:' z\pproxixnipcly 800°F

2} Elcctron Beam Welded
- 3) Cracked and Lifted

[

- REMARKS: ©* The Flectron Beam Shifted Radially Inward During

A s Welding Resulting in this Defective Weldment. "The
I I O T "‘Knittin‘g“ Trace of the Electron Beam can be Seen
[ e on this Weld Bead.
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. Fi‘g'ukrc., 26,

"'SPECIMEN D:
CONDITION:

HISTORY:

REMARKS:

Hardened, Tempered at 1650°F

1} Pre-heat }\pproximatcly 800°F
2} Electron Beam Welded ’

3) Cracked vand Lifted (See Figure 5)

Cross Scction of Weld Indicating Location

of Weld Spike.

. C53001315




1N Figuee 21, o

|| SPECIMEN E:

o o CONDI‘TION:‘ ~ Ha rdcncd,‘ Tcmpcrcd at 1450°F
B CHISTORY: . 1) Pre-heat at Approximatcly 800°F
- ' ‘ 2) Elcctron Beam Welded
[ | 3) Immediately Tempered

0 o bRnEva\l,-\jR;KS:_ _ ; _Cursory Inspection after Welding Disclosed No Cracks:
IR S e ol Assembly was Therefore Tempered and Sectioned for

 Metallography. Metallographic Examination Disclosed
" Cracks in the Center of the Weld Spike. o :

© Ccauoo1aty
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3 ‘F.igurvb: 28
SPECIMEN F:
' GONDITION:

. HISTORY:

REMARKS:

Haydened, Tempered at 1250°F

1) Pre-heat at Approximately 300°F
2) Electron Beam W('ldt,d ‘

. 3) Cracked

_Thxs Specxmen Appearced to haw.. been Successfully -
- Welded; Upon Removal from the Electron Welding '
"Machine and While Being Examined, the Specimen.
:.-thrat Ap‘l rt Accompamcd by a Gun-Like Report

00309131" T o
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- Figurea2s. -

: ‘_Hardcncd‘, Tempered at 1250°F

-3) Cracked

. L * SPECIMEN F:
‘g & - T
" _ CONDITION:
L HISTORY:
1
 REMARKS:

- of Crack and the Shift of the Weld Spike. Penetra-

1) Pre- hcat at Approximately 800°F

2) Electron Beam Weldcd -

Cross Section of Burst Specimen Showing Location
tion was Good and Spike well Formed.
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Ha rdnﬁ ss Sni-vey

of Electron Bgam Weld in Hardened and Ten}pered,
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