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0 fic heat at constant pressure (C ) 0.240 B t u , h b ,  P, wnd r a t i o  of spcci- 
fic heat (k> 1.400. *A 

H e l i u m  Cycle 
I_ 

The helium cycle, since it is a closed perfect-gas cycle, is itself 
independent of such considerations as f l i g h t  speed, f l i-ght altitude, and 
pressure l eve l ,  From the assumed conditions, the efficiency, work ratio, 
ssld specific helium f l o w  of the cycle can easlly be ca lcu la ted ,  

The helium temperature rise in the compressoi- ( a l l  conditions arc 
stagnation conditions) is gi-ven by 

Similarly, the turbine temperature d ~ o p  i. s 

Therefore 

T, = 100f°F(X461*R) 



Propulsfve, Duct 
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The compressor fron%aL mea, -MU& is a quantity of considerable in- 
terest ,  c m  be approx3mxted. by A, % L8 & ? wh-ich would correspond to a 
r a t i o  of blade length t o  pitch dimeter o f  about 0,2, Thus, A, 5 1.89 
sq- ft, 

For the cunp~essoz", the h L e t  stagemtion t;anperatupe and presswe 
E E ~  h o r n ,  as we the w-wk de2L.rse.z-ed %o the conprexsw and the isentropic 
efficiency; the leaving stagnation %empcra%me and pressme can Be found 
readzly, as foUms. 

Fram energy cowideratioxas, 

compressor work pe r  pound o f  a i r  
% p a  - To2 = ---- I I_c 

chi 



From energy considerations, 
0 

Using a l o g  mean temperature difference based on s.t;egnation condi- 
tions, 

890 
l r i  --- 

31 

For combined. friction and heat t ramfer ,  

so that, 



Therefore, 



M2 = 0.077 s 

= 1751 p s f .  
" ' "( ',. ~ ' : . .,. pOe .._ -.' , , . 



The Z"Q@ design of the exchanger can be completed by calculating 
L/B f o r  an assumed tube diameter of D = -I./% inch. 

Using McAdans '  equation f o r  turbulent f l o w  i n  smooth tubes, 

and the energy equation 

one obtains 

The values of Prandtl 31LUdber and viscosity, taken at Torn? are found in 
the Keenan and Kaye " A i r  Tables" as 

and the tube length, 

The nmber of tubes in paral le l  is 



Assiming a wall thickaess of 0.004 Taches and a t u b e  mi;crial densi- 
ty o f  490 lbs.  6 U .  Pt. (steel), tho tubes v f l l  veigh 

It is of" I n t e r e s t  Lo put, the q u a n i i t t c s  de te rmint id  on .the basis cf' 
io00 pounds of thrust. Then 
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Power P h n t  weights 

Using the assumptions indicated i n  Chapter IT1 of the final Lexing- 
ton Report, the approximate power plant weights can be calculated readi- 
l y .  Since the air compressor fo?- t h i s  ease has a pressuse ratio o f  2.30, 
t h e  weight of  the air machbery fa?  1000 pounds of thmst is approximate- 
XY 

and the w e i g h t  of %he helium machiuexy, ss6-Lwjng R pressure of  3000 psXa 
a , t  the reactor frd.et, is 

Therefore, f o r  1000 pounds of t h rus t ,  %he weigh-t  of the power plant is 

1100 + 161 * 881 = 2x42 1%. 



The flyable sMeld t,hfckness ran he c ,a lculatcd f o ~ ~  as an exaxrple, 
an af-i‘plane of 3OO,OOO younds gross TE~&-L’L.  The tnrust, assmaing ar, 
L/T) of 1.5, f s  ?00,000 pounds, and the pove-r plant; wefght i s  then 42?800 
poiinds. 
the power p l a n t  and shield, t;ne weight avs1’labl~ TOT sh’ield ts 

For a design in which 0.725 o r  the gross w f g h t  i_s available for 

w, = 30cj,000 (0.725) - 42,800 = 165,000, 

Neglectling the w e i g h t  of the reactor corn, and allowing for headers 
of 0.1 D a t  each ~ n d  oi” thc reactor,  t;ne f lyahle  shield thickness i s  d ~ -  
terinined from a chart o f  shield IAicknclss vs. allowable shield weight  
(for various reac tor  dtmw-ters) as 3.09 t?.eZ. 
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of about 1500QF (816oC). Cob~.Xt-baw al$ojs i n  tuul-n probably .bsi11 not, see 
high-stress service above about 17900F ( S T ( ( ? @ )  1% meax?s therefore that  
new alloys systems w i l l  have t u  be devrlopt.rI t o  achieve 18000~ (982W) 
performance a t  stresses of the  o ~ d e r  sl-io-m above i n  Llie U .  S. :Yav~- gsn- 
turbine requirenents 
and molybdeiim-base systems imd this  work m m t  be pussued t o  complc-t,ion 

Fortunately such w o ~ l r  i s  going i a  the chroinium 

at a very early date, 

In general, the  p r e r  the metal thr sof ier an3 t'ne weaker it i s -  
I n  such pure Tom Lhc me%lzJ bas the lowest recrystslbiLatiun temperaturee 
There are scveral avemies op5w f o r  incraasi  ug the strength ana resistsrice 
t o  deformation. Tlnc3se approaches amwit Lo lincresaing I he  recrystshlim- 
t i o n  temperatures of the base eleaent, in geaeral, ilie addi t ion of any 
Zoreign element i n  s m P L  moun t s  -Incrxeases the r cc rys t a l l i zn t ion  temper- 
a tu re .  
and recrystallization temperature, 
phase as a network is  s l so  ef_t"ecti-ae i n  improving high-temperature strength; 
however, not all excess phases m e  effective; f a r  example, sigm phase i n  
chromium alloys is sel_llom desirable Ageing sycteros a-tv exkremdy effec- 
t i v e  and have beeil  USE^ %O aitv.3;n-t;age f o r  Ziigh-temg~x*s t u ~ e  shrength. 

Subsequent additions rmy or m y  not Purtheu increase I2h.e s t r e~ lg th  
The p r ~ s e n c e  of a secorLib or" t h i r d  

On the basis of the r ec rys t a l l i za t ion  temperatures (based i n  tlzfs 
case on comercial iy  pure rne~tzls cobd-worked tcs 70% or -mor? atid armealed 
for  about 1 hour a t  kmperrzture) t4here are a limited nurrbeu o f  alloy- sys- 
tems which of fe r  use a t  1200OF (64gOc) and higher, 
the relationship of the r e c r y , t a l l i z a t i a i l  temperatui-e t o  the mel-blng -pain% I) 

F i g u ~ e  LIID-l shows 

It is presently known ths-t iron-bdse a l l o y s  of low al loy content, are 
r e s t r i c t e d  t o  about IIQOoF (j93W) f o r  hfgh-stress p r ' fon rmre ,  
s t a i n l e s s  steels w i t h  abnot, 20$ chromium are us&,';14e up ?a &mut 1500aF 
(816%) far reaconahly htgh stresses and up to  2 ~ 1 0 %  (1093'(:) (25 chro- 
miwi-20 nickel-2 silicon) a t  eartrem.2I-y 1 ow stresses + Righ-stress appli-  
cat ions 81% definitely l imi ted  t o  about 1300°F (704°C). Metal alloys are 
i n  use up %a 13>O0b ( 7 3 2 O C )  at, h i g n  stresses ( w h m  supported by about 15% 
chromium). 
w e l l  as other  elmenta k v e  been i n  use a t  1500°F (816°C) and it i s  an%$+ 
ipated that  they will be applicable a t  16009 (8'[L°C) a i d  possible even 
at ~ ' ( o o ~ F  (927%) a t  somewhat lower st-Yesses. 

me. 

Cobdit-bme a l l o y s  highly alloyed with 20 to 28'$ c1i~smiim as 

These three systems, iron, nickel an? cobalt-base nbloys have been 
developed q u i t e  extensively,  and any fur ther  advances w i l l .  %e reasonably 
small. New alloy systems are needed. 

According t o  Figure Ill[)-1, there are promising a l lay  systems in 
t-ttanium, zirconium, chromium mid molybdenum-base a l loys  . These foiui- 
elenents are su f f i c i en t ly  p l e n t i f u l  t o  pwmft wide ~ s e .  Tungsten, Lan- 
^ t d l U l r I l  E d  C O ~ l ~ m b f U l l  a l so  0i"l"ttr bases f o r  O y  systmlaaa, b u t  these elements 
are r e l a t i v e l y  smxce  znd a t  best would pe~m?f* extremtly r e s t r i c t e d  iistt, 

Iran-Base 4 l o y s  

Tnese a l loys ,  Yne best of wirirh are oxidation-msistant,  by virtue 
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expressed as Fun fo r  any specif'ied s l  

""M distributian 

expressed as Fun fo r  any specif'ied s l  

""M distributian 
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tubes p then 

From a glot 02 LyonlF approximation ( F t g  TIL-F 81 
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absolute" 

Depth os &-der$ of reactor, Pee.t. 
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FIGURE 
m-€93 

OIMENZitONLESS HEAT TRANSFER PARAMETER, 
2 h t  

94% 



p-.:- .. , : p :p; . , ... . . . . a,. 



FIG. aT- E 4 

G = MASS VELOCITY a t 3 . k  SEC.- FT.2 
N TEMPERATURE, O R  

N PRESSURE, L8. ! FT 

MACH NUMBER, M 

FiGURE CHART FOR REAGTOR HEAT TRANSFER 
3 I f - E - 4  GAUtltATIQNS WHEN AIR IS THE COOtiNG 

FLUID* 
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