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'Phb report prrsenk tk com#gt\lil design -is for the m-1 ZfXVA 

Brhrutt system Duct lead* p r t i c u h - ~  +o (1) selectiao of the mterlal to be 
used for construction of the duct, rad (2) tbe 
used to conduct kat from tbe idcrior of the dirt ,  thereby l i m i t -  iottrior 
r t a l  teqer8tures to rccep%able 

fi-nt of T u k  Iten 3.1 of the SIP-1 -. 

of the coolant passages 

T k  report is subaltted in mial ful- 

This coaceptaml -sir is based larely on the results cf a concur- 
rent sc8le-model test prom. A wchaIciL desi* effort was canductec? along 

uith the scilc-rodel test pp0g.m to relate tk test pprosru dircctly t o  n desicpl 

&*tion. balmtion .nd study covered various msfble mcepti, iabrica- 

t ion  techniques, huuilhq~ methods, coolant passqp desi-, Srd mterlals of 
fabrication, 111 vl thin  the existing IZIS-1 facility 1 l . t a t i o n s  and operational 
;rstrtctions. 

This wcha~icil design effort also related the tested scale d e l  
hsrdrcan t o  the ! ' ta l l  site geometry of the 5 duct rad vas concerned vith nmterial, 
stres-es, case of fabrication, azrd beat transfer nquire=nts .  

of a number of potential coolant pas- geometries. 
sults are discussed in this report. 

Studies were made 

Specific materish and re- 

131s report presents and s w f z e s  the design concepts and ear ly  analyses 
ieading t o  selection of both the coolant channel configuration and the fabrication m- 
terial. The results of this program vere the basis for the preliminary design 

presented in AGC Report No. 26w, Analyses are 

concerned only vith t h e  duct itself, not the  tms, handling Lralle?, instrumenta- 
t ion,  o r  special mechanical details. 

Prellmlnary Dcsign SST-2 Duct. 
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I Introduction, B (cmt.) Report k. 2699 

B e  scale rodel test pmgrar had esrlier de terdned  the shape of t h e  

duct and the  intenml dirnsions. Emever, consideration of fbbricatiaa,  assent- 
-- and k&l- dictated atnnr d e d a t i a r s  to the selected internal georpetry which 
-ere ina*;-,?rrtd in to  the iiadl duct proffie (pigute 1). 

re ". C Q C I I J S X ~  

'Ebe ccmcepts and analyses outlined In t h i s  repr;rt resulted fn a fim 
Ihc folloving decisions vere h i s  Par the E S  (-1) duct prel- des-. 

agreed .'-ooa a S'B0-n neeting - 7  h y  1563. 

1- me exhaust duct asseably u i U  be caastructed of type 347 
stainless steel. 

2. The priaary and seco~~dary ejector portions of the duct vill 
have smobh inner walls and coolant -sages constructed of formed sheet =tal 
angles. 

3. The 90 degree elbov section of the &;ct w i l l  be 2onstructed 

cf circular tubes veld& tagetber. 



\ 
i 
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! 
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Figure 1. ETS-1 SUBSONiC TURN EJECTOR SYSTEM 



11. AFmmm 

A. BASIC GKU!ID Rnas 

' h e  basic p a d  rule t o  establ ish me design coacegt which w u l d  
const i tute  the basis f o r  preiirr(lulru des- of the llIpi duct for ETS-1. 
schedule for prellnlrrsry des- allwci tbt caly me cmcept could be pursuei! 
v l th  sufficient d e t a i l  t o  qualla it f o r  the final des*.@ a c t i v i t y  t o  comm?nce by 
1 October 1963. 
f o r  consistency with respect to the gross heat tnursfer, process water system, 
stress, fabricating, re la ted  weriare, and engineering ju-t c ~ s i d e i ~ t i o n s .  
A r e v i e w  wks then held with SIP0-C at vhich tiP the design YLS selected. 

of the des- concept ground rides are listed below. 

The 

Therefore, after des- concepts were generated, t&y were revlever! 

%me 

1. The ciuct w i l l  !nve t he  ccafl&uation as established by the  scale 
m d e l  test lng pmgra~ls. 

2. A%dlficatlons of t h i s  configuratioll because of mechanical design 

and fabrication p r a c t i c a l i t i e s  Muld not cc~@mndse t ' o  aemdywdcs  and heat 

tmsfer  p e r f o m c c s .  

3. The duct must be self-draining. 

4. The duct Is t o  have a minlmun! number of secticns col;slstent with 

the capabi l i t ies  cf the  water feed system at t h e  Fps-1. 

5. The duct is  t o  bave a severance ulane between the  ver t ical  
(diffuser)  a?d elbow sections. 

6 .  The exhaust duct as ;elably v i l l  be laurualiy assembled and 
ins ta l led  i n  the  EX'S-1 vaul t  and remfe ly  disassembled and remcved. 

B. W Y S I S  IIFPRWCH 

1. The Basic Problem 

EBrlier scale  model tnsts showed that  t h e  severe heating rates 
encountered from t he  ergine exhaust temperature would be t h e  m J o r  design problem. 
Heat frep the exhaust gases is condixted through t h e  ifmer duct wafl and transferred 
tr, the  cooling water. In order t o  evaluate the efflctency of t h e  heat t ransfer  



I1 Approach, B (cont. 1 Report No. 2699 

character is t ics ,  the  inner wall thickness, mterial therElal conductivity, and 

velocity of t h e  coolir4g - i ter  mst be determined. 

Solutions t o  the  heat transfer problem iapose serious s t ruc tu ra l  
design problems on the  systeE;. 
conpromise between the  heat transfer and s t r e s s  problems. 
levels  w i l l  be very high, the basic nraterial:; used in  the  duct design should have 
character is t ics  which w i l l  minizize the  induced radiation. Radiation studies 

indicate that highly radioactive materia 3 will be discharged from the  engine during 
f i r i n g  and a port ion of them vi11 plateout on the  duct. 
or handling of the  duct immediately after such a f i r i n g  is not anticipated.  

The selecteci des- is  considered t o  be the best  
Since nuclear radiat ion 

Therefore manual repa i r  

2. Approach 

a. Heat Transfer 

A scale-model test program was ccnducted t o  es'tablizh a 

duct configuration which vi11 operate wi',hin exis t ing EIIS-1 Cesign l imitat tons.  

This program not only defined the  duct configuration and kternal p r e s a ~ ~ e  prof i le ,  
but ais0 established t h e  surface heating rates, k c h  numbers, ve loc i t ies  snd shock 

structure.  This ULS achiev-?d by constructing and i n s t r m n t i n g  a one-eighth sca ie  
v'del duct which was then subjected t o  a series of hot-flow tests. 

t ransfer  and 68s dynamics data are calculated f o r  t he  scale  model tests. 
laws have been established t o  extend t h e  scale  test data t o  the  full s i z e  d x t .  

All of t h e  heat 

Scaling 

b. Bkchanical Stress  

Analysls of the  coolant passage geometries and speclf'ic 

mterials vere conducted t o  cmrer both the  ant ic ipated Ipechanicai loads ca?ised 

by pressuRs, dynamics and the  s t ruc tura l  weight, as w e l l  as the  thermal ; t resses  
from t h e  tenperatwe gradients which ex i s t  i n  the  inner duct wall. 

s t r e s s  studies involved analysis  of p l a s t i c  mterial beha*dor, fa t igue charact-r is t ics  
and a c o q s t e d  cycl ic  l i f e  of the  s t ructure .  

The -.herma1 

c. Radiation Effect 

Studies yere cond --t,ed t o  determine t h e  e f fec ts  of nuclear 

mdiat lon on tk- exhaust duct and structure,  and partAcularly t o  determine the 
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11 Approach, B (cont. ) Report No. 26% 

act ivat ion l eve l s  caused by t h e  f i ss ion  products plateout which will. occur dwing 

a nuclear engine firing.2 It s u l d  be desirable for the  act ivat ion leuels of the 
system t o  decay rapidly t o  d l o w  inspection, handling o r  repa i rs  t o  be made v i th in  
a reasonably short  ti= after a firing. Analysis showed, however, that the  plateout 

level m i i d  be m y  tines that which could be tolerated; therefore the radiation 
h l f - l i f e  of the basic structural material became less important. 

Prelimbary studies were 8lS0 mde of t h e  destructive 

e f fec t  of pa r t i c l e s  e jec te3  f r o m  the reactor core an9 ixupming on t h e  inner duct 
wall. 

mss,  o r  velocity of impacting fragments. 

This was an analy t ica l  study and no tests were =de t o  verify the size, 

d. kter i s i s  

bhteria,, w e r e  evalt\ated from a var ie ty  of characterist ics.  
These included thermal condwtivity, shorc radiation half-life, cost, ease of 

fabrication, d x t i l i t y ,  resistance t o  fatitwe cracking, corrcs5on resistarce,  and 
s t r r ag th  a t  elevated temperatures. 
aluminun, copper, mild steels, s t a in l e s s  steels and several high nickel alloy steels. 

The l i s t  of po ten t i a l  platerials h c l i -  ‘Les 

Each of the  materials groups were separetely evaluatea and 

tho  mnst  rods sing cf each was selected f o r  fvrthez consideration. 
one high nickel a l lay ,  one stainless steel, XI? copper, one mild steel md one 
&1umiiium rmteriu ~oi;i? r e  r e a l i s t i c a l l y  compared. In t h e  evaluation it was neces- 
sary tc; prcyare design concept; i n  order ts determine the wall thicknesses required 

t o  r;ints:’.n h?dl tnmpcratu-.es within acceptable limits. The designs could then 

be eva!.;lated f o r  I d i 8 5 i l i t y ,  fabrication ease, an$ s t ruc tu ra l  properties. 

In t h i s  way, 

e. Fhbrircrtion Techniqc.es 

“he study of fabrication techniques cectered arcand the  

devel.Jpmznt. of a c c d a n t  passage config\-._zation tssst adaptable t o  t he  thermal ar,d 

,wchanirlirl s t r e s ses  t o  which it would be sub,jected.. 
f igcrations were developed, most n f  which had been used i n  similar app1icatior.s. 
A:; the  e ta lua t  ion progressed it be2ame apparent. that the  mnst acceptable designs 
f e l l  i:it:: two basic categories. The first i s  the  d o ~ ~ b l e - ~ i l  arrangement with 

A number of possible con- 
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I1 Approach, B (cont. ) Report NG. 2699 

longitudinal partitions; and the second I s  the tu> 
the design f r o m  a fabrication standpoint, enphaslr uas placed on develcrjing the 
mst promising design for each categcry. This involved consideratisn cf material, 
fabrication, heat transfer, and stress factors. 

configuration. In analyzing 
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i. Inves t imt ioar  

Five subsonic turn ejector systems em flm tested tn ~r . ab lL th  
the 5-t fkro-ablt duc; iritenrl gcactxy. 
(SST-2 design) m s  chosen for the ETS-1 5 duct system 

superior capabi l i t i es  in  the heat  trrnsfer perforancc rrquimi for *Ais 

application (Figure 1). 

A sub-,oPic turn ejeetcr system 
'Ibir syrtesi demonstrated 

se lec t ion  of &&e lpEs duct construction n te r i r l  required an 
evahiatioa a f  heat  transfer capbillties 8s s e l l  as st rength fitention pmflrties 
a t  ele%att?d tmperrtures. 

A comparison of t h e m  canduzt ivi t ie t  and apcratfrrs temperrtuns 
a n i  water f l o w  requirements were nude for the aterials under evalmtion.  
are tabulated belov. 

mese 

3 $ Water Flov Mut. Cas Side Iheraa12Con c t i v i t y  
Efatcrial - Requirement Wall Tapp . ("P! jBtu/f t  -hr%-ft) 

a. KastclSoy C 92 1300 10.29 ( a t  130O0F) 
b. Staiidess Stee l  ( 3 4 7 ;  100 1100 12-80 ( a t  i i 0 0 O ~ )  
c.  Aluminum 5454.0 123 1 0  77.30 ( a t  room temp. ) 
d. Copper 131 325 1% ( a t  rum temp.) 

The tabulation indicates  that the water requireuients increase 
for a l m i n u  and copper (28 percent and 31 percent respectiveiy) and decrease 
For iiastellDy r: (8 perceni) using stair.leps steel as a reference, 100 percent flaw, 
eq-1 t o  32,0C:? GPM for t h e  duct. 
fron Hastellcrj C to copper. 
condwt iv i t ies  of these matcyials and secondarily t o  the resul t ing expected m8ximm 
gas side wall l e ~ p e m t u r e .  

The thermal stresses am expected t o  decrease 
'Ihe thermal stresses are primarily re la ted t o  the  therms1 

(me higher the -11 capenature  the lower the heat  flux). 



The prinazy cdector duct vas divided in tm sections,  the prilrrarj 

sectior. and the elbow section, a:lob%;inq four m n i f v i d s  f3r the structcral systez. 
The cc3;ar;t i n l e t  end mtiet sta5ions for the t w 3  sect ions  c w  as shm below: 

Inlet Station out let stat i 03 

F'rimasy Section 458.1 3 
Elbow Section 468.1 717.9; 

"he analysis yielded the following dats fGr the twa designs: 



( c )  V3locity 

Frimry Stctim - Inlet  ~ 7 . b  ft/sec 
Constant dienuter section 23 ftjsec 
Outlet 19.3 ftjsec 

Slbov Section - Inlet ft,/sec 

Outlet Iro ft/sec 

( d )  Gection h-essurc Drop !eleva;:.m head 
not cwaidere.  j 



(b) WrkrPlovIhk 

hlrarjr Sectim 15iX lb/sec 

Elbov Section 1550 lb/sec 

Rim Section - Wes - 19.7 fy/stc - Ccmstant Diamter Sectfoc - 
- Outlet - 22 ft/sec 

25 ftjsec 

E ~ M W  Section - Inlet - 35.4 ft/sec - Outlet - 47-5 ft/sec 

(d) Pressure Drop (elevation head not considered) 

primly Sectior! (F‘eFk = 0 )  AP = 32 psi 
hp = 31 ps: (FeFk = 1.0) 

Elbow Section (FeRr = 0) AP = 59 psi 
(FeF’v = 1.0) i9 = 38 psi 
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111 Desim Analysis, B (cat.) Report No. 

C o p p e r  and aluminum both bave high them1 conductivities, 
dxir-h In t is application would msult in l o u t h e ~ l  stresses. 
nRlt,ri.als 
sage uater pressure and tk i n t e n r l  engine exhaust - pressure, the opexating 
st-4 state -11 tenrptrature n u s t  be l imi ted  to bOO°F. 
tiirc above 4O3F deteriarates the stmctural stnngth at an increasing rate, p n -  
viding lir.tre cmrgin %r safety. Mditiorral tiisadvan-s of these tm materials 
arc, ttrir gremter pctential defonmtioa o c c u r r 3 ~  dur',ng operation because a i  

their lrver c',rrep resistance, and the incr#sed water rcquirenrat necessary to ab- 

+ain the desired wll ttnpraturt rcquirrecnt. 

H o v c v t r ,  for these 
0 vithstud the mtchnical loadlng caused primrib by the coolant pas- 

Increasing the tempera- 

The noeiml operating w a l l  k~pratures for Hastellay "C" 

ami 347 stain-ess sttc-- art ~ W O F  ami UOO% respectiveljy. ut- tht ttterpal 

con&ctivit;es of these cmterials u e  substantially lower tinn those of copper ar 
akzinun,  t k e  effect is t o  decmse the uter flow rate kcmuse of the bier all=- 
able wall tclperaturrs. 

b. Geometry 

-he resilts of the k a t  transfer study for the rectangular 
an2 tubular cmffgu--*:ims, indicate tbat either design could be utilized. 

I. Static St1esSes 

A mechanical loading study m s  conducted for cvalu8tion of the 

C?OLF it passae? geoset:,. 

of t h e  i n d u e d  mc).mical loading. 

and ( 2 )  extenr.-l mbient gas pressure. 
cnnsidei?aa .reg1 igible i n  t h i s  analysis. 

The analysis conridered only the tw n i n  contributors 
They 8m ( 8 )  intern81 coolant w8-r pressure, 

'Iht static 1-d of the water eight MI 
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The results of this study indicated that i n  both ooolant passage 
configurations, the in te rna l  gas-heated -11 vould only sustain the cooling water 

pl.cssure. 
t i on  uould be sustained by the cold outer -11 and, i n  the case of the tabular  
p s a g e  ammgement, c i r c m f e n n t i a l  support rings would have t o  be provided t o  
carxy these lads. 

The external conrpressive ambient pressure f o r  the rectangular configura- 

2. r&lmdc stresses 

The mechanical stresses caused by gas and water dynamics are not 
extreme and, i n  the case of stainless steel, the lmds are compatible with the 

thici-messes rewred f o r  proper heat transfer. 

3. Thermalstresses 

A thenml stress analysis was initiated based upon the results of 
the heat transfer scale model testing program. The thermal gradient occurring i n  
the stainless steel duct wall during engine operations was defined. 

sS& that the thermal stresses devtlopd rould cause the 347 s t a in l e s s  steel t o  
operate in the e h s t c - p l a s t i c  mnge, thus resul t ing i n  8- permanent deformation. 
It was found that this deforaaation limited thc cyclic operational life of the final 
product t o  appmxlmtely 10 cycles f o r  both coolant passage configurations. 
condition is less prevalent i n  stainless steel than i n  a high-nickel alloy such as 
Hastelloy "C." Use of copper o r  aluminum Muld decrease this problem t o  SOE degree, 

but their allouable stresses at operating temperatures do not permit suf f ic ien t  
margin of safe ty  when consideration of dyzmndc loading is introduced. 

This analysis 

The 

The veld connection Jo in t  between the tubular c a l m :  passage 
develops hinge loading stresses vhile a t  operating tearpcraturv. This condition 
does not e x i s t  i n  the rectangular coolant configuration. 
sis of this pmblem indicated that the tubular -try should not k eliminated 
for t h i s  reason alone; however, lrcognizing t k t  a stress concentration nay occur 
i n  the veld connection Joint  between t h e  tubular coolant pssagc6, the  them1 

stress studies  favored the select ion of the  r ec t . ay lu  ps#gc geometry f o r  use 
i n  the duct design. 

However ,  f'urther analy- 
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b .  Effec ts  on &sign 

The rectangular configuration is capable of withstcnding the  

static and dynamic stresses without modification of its geomtry. The tubular 
configuration, however, requires the  addition of circumferential support rfngs 
and a detail  analysis of' theweldconnection j o i n t  t o  a t t a i n  t h e  necessary s t ruc tu ra l  
s t re rg th .  

t h e m 1  s t ressea  it was decided tha t  347 s t a in l e s s  steel was t h e  preferred mterfal 

erZd thet t h e  raciial spacing of the  coolant passage should not exceed one inch. 

When considering the coolant water pressure i n  conjunction uTth the  

D. W I A T I O N  

1. Considerations 

The residual act ivat ion of t he  parent maberial which c o q r i s e s  

the  NES duct and supporting structure was considered 13 the  material se lec t ion  
evaluation studies. If repatr t o  tbe Cuct, instnrmentation, o r  supporting struc- 
t ~ r e s  was anticipated, then a low level of resid;ial act ivat ion or a fast ciecay 
half l i fe  material is desirable. 

2. Effect on Desian 

A radiation act ivat ion study was conducted which predicted t h a t ,  

during engine operation, f i s s i o n  product plate-out would f'use t o  t h e  ins ide  wail 

of t h e  duct. 
by plateout, is anticipated t o  be several times higher  than that of t he  residuai 

ac t iva t ion  of 347 s t a in l e s s  steel. 
an engine f i r i n g  of the parent duct laaterial does not therefore cons t i tu te  a basis 
f o r  selection of t h e  material f o r  construction of t h e  lrlBs duct and support structure.  

From t h i s  study it was found that the  induced act ivat iotA level causea 

Thz residual raiiiation act ivat ion level after 

1. Choices - 
A materials r*mlurtion was conducted as part of the  study of 

coolant passage geometries. 
stress and design groups regarding the  chcmir:l and the physical properties ex- 
hibited by possible candidate materials. 

This study provlaea infonmtion f o r  t h e  heat t ransfer ,  
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Materials considered i n  the  evaluation are t h e  folkwing: 

a. 

b. 
C. 

d. 

e. 
f. 
r? 

h. 

i. 

3 -  
k. 
1. 

m. 

AIS1 Type 51Gl0, C l O l 5 ,  and a018 
Inconel "X" (see Wble 1) 

IiasteUoy "c" (see m%le 1) 
Copper - deoxidizer high phosphorus (see Table 2) 

Copper - oxygen free (see "able 2) 

Stainless  Steel - Type 304 Corrosion Resistant (see Figure 4) 
Stainless  S tee l  - ~ y p e  wli~ Corrosion Resistant (see 
Hgun? 4) 
S*%inless Steel - *- 9 9  Corrosion Resistant (see Figure 4) 
Sta5nless S tee l  - Typc 3 l O  Corrosion Resistant (see Figure 4) 
Stainless  S tee l  - Type 316 Corrosion Resistant (see Zigure !+) 

Stainless  S tee l  - Type 321 Corrosion Resistant (see F i g .  4) 

Stainless  Steel - Typ 347 Corrosion Resistant (see Figure 4) 
Alminum - 5454-0 

Mechanical, physical and fabrication properties shown i n  the en- 
closed figures were extrapolated from tbe "Material Selector" issue dated October 

1962, ' b te r ia l s  i n  &sign -neering. " 
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HIGH HI- NAOY COMPARISON 

Physical Properties 
Density lb/cu in. 
Melting Temp op 
me= Coeff(1mq) Bt+/sq ftPFlft 
Coef Therm Exp (70-1600?F) per %' 
Spec Et (70-212OP) BtU/lb/oP 

*chanical .Properties 
Mod of Elest Tension psi 
Tensile Str psi 
Yld Str psi 

Fabrication Properties 
Machinability 
Weldabilitx 

Cost per lb 

Availability - Sheet Size - in. 
Delivery - ueeke 

30 -32 
2540-2600 2318-2381 
13 9.3 
9.2 x 8.2 x . 10 -09 

Poor Pool- 
Poor Good 

$3.50 $3 70 

48 x 144 
8 10 

48 x 144 



Composition $ 

Physicai Propertie6 
Density, lb/cu in. 
Melting Temp Range OF 
Therm Cwff (689) Etu/b/sq ft/%/n 
Coef. of Therm Exp (68-fl2OF) per OF 
Specif Ht. (68‘F) Btu/lb/% 

l4chanical Properties 
Mod. of E i a s t .  i n  Tension, p s i  
Ten. Str.  p s i  - Annealed 
Yld. Str .  psi  - Annealed 

Fabrication R o p r t i e s  
Workability 
Machinability 

Joining 
Soft Soldering 
Si lver  Alloy Brazing 
Oacyacet~ lene Welding 
Carbon Arc Welding 
Butt Resistance Welding 

Cost per lb 

A v a i k k i l i t y  - Sheet Size - in. 
Delivery - Weeks 

Cu .99 90 Mln. 
p 0.01~-0.0k! 

Zxcel‘ ent 
Poor 

Excellent 
Excelient 
Good 
Fair  
Good 

71 x 244 
3 - 4  

92 

323 
1981 
226 . 
9.8 x 1s’” . 092 

17 x lo6 
3 2 : m  
10,000 

Excellent 
Poor 

Excellent 
Excellent 
Good 
Good 
mod 

71 x 244 
3 - 4  
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The tabulation indicates that Hastelloy "C" is tke mrsterid 
vith the q-at .?st  overall strength v i th  stainless steel a close second. Hovever, 

b3th aluminum and copper have extreaely low fatigu2 resistarze which is a measure 
of tk? service l i f e  of the Zuct and low r ig id i ty  as a result of a low modulus of 

, laqtic~:v.  In additior. copper has a lov yield strenxth. 

c. cost 

The cost cr Hastelloy "C:' r :haii stainless s t ee l ;  
tne costs of both  are higher than e i ther  . . ( .pp - .' .a. 



3. phse of Fabrication 

Ixkastry experience with Eastelby "C" a3d copper is fairly 

lh i ted  for this type of work, snd fabrication d i f f i c u l t i e s  can be expected. On 

the other had,  fabricatio~ experiemx vith both 317 s+ainless steel and 

is extensive and the results prcdlctsble. 

e. Radiation Camptibiffty 

The radiaticn Qm or blf-life cf the mterials varies 

ira appromtely 10 days to abaut 25 years in the folloving sc.lucncc: 

f. Ltctility 

g. Resistance to Corrosfon 

hsteuoy "C" slid 347 stainless steel have a cigh 

degree of resistance 5 - t  corrosion. 
gressive corrosion by formation cf a surface oxide seal. 

resistant t o  surface corrosion. 

Copper aad aluminum are also resistsat. to p n -  

They are not, however, 

f -  Effects on Design 

Tcc 1?1c._-,Lk cps::q tc~pcrsta-e  of each mterial affects the  
thickness r e q u i d  for heat transfer and the required flov rate of waur. Although 

t he  Llffsrcnce in water rloz is tolerable on t he  bs s i s  of available yster, the 

available head is questionable. 
away from an alumiaun or c-pjxr wall would also increase the pressure drop i n  a 

duct section. 
rapidly v i t h  a saa l l  increase of temperatlre above m0F, leaving liLt-le mat-@ rl" 

safety. 

The higher water velocity required t o  c t ' ~  hesi 

In additfor&, tke  strwtural strength cf aluminum arlt copper decreases 

The lower s t ruc tu ra l  s t r eng th  of alumimm and copper would re- 
quire much thicker duct walls than muld Hastelloy "C" or 347 staird-ess steel. How- 
ever, t he  thicker walls would then rcclllt. i n  a higber temperature difference between 
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the duct lmwr uall surface and the coolant water surfhce. Sine+ the coolant rater 
temperatvxe is f ind  by smbie3t conditions the duct w a l l  WAU h at a h-r 
+emperatum result- in a weaker w n l l .  

since thc strength of Basteuqr "C" a d  347 a k i d l r s s  are UCLl  

greater thau coppei' or aluminum, +cht w a l l  thickness am be s u k s t a n t w  thirmer, 

This  pacb It easier to control as to ?&e v.;pcratting limits of thest mterials. 
though t i ~  cast of M m m  or copper is Uuer than Eastelby "C" or 9 7  staidesis 

steel, the discdmmtaeps in strerrgth oytvci@ the cost conrsideration. 

.U- 

%le@ activation of fissic2 prcuhdct plateout on tbr inside 
u a l l  of the duct c ~ u i  3e exgected to be mny t-s hi- than the residual activa- 
tion level cf tke aterial ,'rw vhlch the &act is cmstrucid: r e w s  of  duct 

orrterlal. T h e r e f a r e  the activazicn dccdq charsckr€st:C cf tT;r? phSerial does not 
affect- the design of t* duct. 
terial must ira ductuc, a=rl - a SG ir; +& isbrica';cd caedftion. 
lrent elimimtC; c=rpper 6s a aterial but lee- the m l n f a g  tbme. 
sian COUX s t  cwly ve&tm the struct- but also lower the kat cansfer capability 

of die ydlls, a corrosiou resistsat mate:& is rardatory. 
and 34'; stainless steel both have a hi@ degree of corrosion resistme they k-re 

bot? mssidered for finnl d e s i g .  

& order to form the thin W passages, the m- 
'Ibis rtqdre- 
Sioce cosm- 

Since hste~h; "C" 

Z!.nce cost, amii&mty, a d  ease cf fabrication a~ favor )67 
s*ainlest steci , it is preferred over Hastellay "C." 
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Figure 5.  MATERlAi SUMMARY CHART 



111 ks i rp l  -is (cont.; Report Bo- 2c% 

application are: 

Ibe disadvantages 04 the t&dar -try are: 

(1) 

(2) 

Alignacnl of stixuz dW: iKctions is difficult to 
contrci. 
%re d i f f i c u l t  to mke weld repairs. 

The rectangular g e o u z q  se lected  froa all those shown i n  
P! w e  < fc fomec! bj a buildup ,?f a series o f  foracd angles welded to both the 
inrir snti; Ai2 ta psch other. The angles are r-i-2 raxxiard toolirg and 
are constructed of standard gage sheet s t x k .  

Advantages to the rectaaguLar coolant- pessage destgn am?: 

(1) 
(2) 

Ease of ;patching mnting duct sect ions .  

Provides double w a l l ,  with increased struct'lral 
s t r c q t h  and r ig id i ty .  



. 

7 
/ 

Figure 6,  SUGGESTED COOLANT PASSAGES 



are  : 

b t h  tubular a d  des- have advantages; 

rwitkr CBL be ccmsidered superior to the other. Ihe clwlcc of passage configua- 
tion should be rQt on the bur- of hcrt transfer or stress rather than simplicity 
or ease of fbbricatloa, sincc tkK are mt decisive. 

The tubular anwqpmext .rrj be easier to fabricate in thr 

c\prrd section of the duct, hautrv this is depenacnt upon tk experience of the 
Ladiridtvl fabricator. 

Page I? 



As a m m l t  of the forrgolng studies urd the RBIOII-SIPO meet-, the 

rterial t o  be used for f&brica;w the duct md the  dtslgn of the cooi- p s w  
uhlch constitute the start- polnt for the preliriruv des- effort verc selected. 
Alth- they represent a balance of fdaturca, the  selected rtex-lals and &signs 

appear to of fe r  a sound bsis for a sat isfactory &?si5 that would p m i &  reasoaable 
assurance that the duct w i l l  m e e t  its operatian1 requirements. 

The e n t i r e  duct assembly vill be cad t ruc ted  of t,vpe 547 staialess 
steel. It also appears logical tbn t  the truss assembly -3e mstructea of the 

same aterial. 

Amlysis shoued that  stainless steels are generally superior t o  other 

aterials considered. 
strength a t  hi@ tcrapenrturts, t h e i r  fhbricatlon techniques are b o l l  established, 
their resistance t o  stress cracking, and their heat transfer and s t ruc tura l  
cbaracteristics whiah are predictable even after continued use. 
series of stainless steels, type 317 t a b  selected f o r  use la the preliminary d e s i p  

because it can be velded easily and retains its strength a t  re la t ive ly  high tempew- 

tures. 

S+ainless steels am attractive because of their hi@! 

O f  the en t i r e  

C. COO~PASSACEDESICR 

Analysis of possible coolant passage designs resul ted i n  select ion 01 
two basic geometries, one rectangular and the other tubular. 

A t  the  RE3?J-SIWO m e e t i n g ,  it was detemined that the followiq- coolant 
passage geametries would be used for preliminary design: 

1. The duct w i l l  be constructed i n  three sepamte sections,  
( a )  t h e  primary diffuser ,  (b)  the elbow and off-set cone, and ( c )  the secondary 
ejector  nozzles and secon&ry diff'user duct. 
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COOLANT PASSAGE 
SELECTED CONFIGURATIONS 

,937 0.0. TUB€ 
.095 W4LL 

TYPICAL ELBOW SECTION 2 

* li ji ii 4 

TYPICAL STRAIGHT SECTION I 8r 3 

Figure 7 .  SELECTED \:OOLANT PASSAGE CONFIGURATIONS 
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