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the crew fmro the radiations of" the nuclear reactor. Its size 
m y  be prohibibive, but if much more efficient shields can be 
developed it might well f a l l  i n  the range of very heavy bombers. 

red plane, which tows at BODE 
distance behind it a s 
atid the controls -- designated as a "tug-tow" arrangement. 
shield in the nuclear-powered tug would be nuch lighter than 
that needed for the reactor of a manned plane, and the size of 
the tug would h l l  H t h i n  the range of existing bombers. 
towed plane which contains the crew T a ~ l l d  have 8 conventionally 
fueled power plant to permit indegendent operation at take-off 
am1 landing md7 if desired, for short perioas in flight. The 
tug-tow camhimtion currently e ~ r s  to be the most prumising 
prospects 

11 plane carrying the crew, the payload 
The 

The 

( c )  A pilotless aircrstPt, ?.eD, m uninhabited plane which is 
controlled only by a long-range guidance system. 
able vhethw m:b a gllotless nuclear-powered aircraft, if it 
could be developed, would show sufficient advantage over a a i d -  
lar  device with cliemica1 fuel. to be of interest, 

It is question- 

4. 8everal types of power plant seem pronising for nuclear-pswered 
airplanes, 
my transfer its heat to air, to a liquid metal, ,  to high presswe helium 
OF goissibby Lo some other f lu id ,  It woula 'De grcmture at this time to 
decide t h a t  one of' these combinations of power plant and working fluid is 
necessarily the best mid t o  "freeze" on it as t h e  basis for further develop- 
ments. 
received most attention t o  date, will prove to be the most suitable,  The 
rimjet and the rocket are more remote possibilities which do not call for 
intensive study at present. 

The best appear t o  be variations of the turbojet. The reactor 

There is some doubt that the air-cooled thermal reactor, which has 

. .  

t of the reactor is the outstanding problem because of 
m a t s  for smll size, hi@ power, hi temperature and 

r e a ~ ~ n E l y  sm3?_ content of fissionable matertal. NQ r ia ls  which d1l. 
asswe that a reactor can be built to meet these requirements are y e t  availa- 
ble. Reactor materials development, combined with ingenuity in reactas 
design, is therefore the most critical need of the program. 

skicia which is required for protection. 
6 .  %ere is a considerable rnztrgin of uncertainty 8 s  to the weight of 

s uncertainly needs to be re- 
S O ~ Y C Y ~  because o f  the d o m i r m t  Sign2.f  Lcanc .f shield weights. 

8. ,Full-scale testing of the nuclear 
s&~at.ian of %he final. a lq l ane  will be us and will re- 
1quire iso!,rted sites. 













The Bffect of Altftude .- 

T h s  ch ie f  e f fec t  of' high ;zl.titude on t,hc airframe. design i s  to in- 
rTease tAr: wing arca which  i s  required t o  carry a given wcight0 The 
s t rmL t .um l  weight by no mans tncreast~s i n  proport ion,  but it docs in- 
ri-ease smewhat . 
57111 he brought, out, later. 

H i g h  a l t i . t ,udc a l s o  affects power planLs mt,erially, as 

Xange 
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Corqmsltion an& Thickness o f  Shield 

It is not passible at, present t o  give a eatisfactory solution t o  the 
pr~b lem of the beast wftlgh-t af shield which w i l l  reduce the radiation of 
F?, given p i l e  by a specifled ao1m-t;. 
stationary piles, and hence has not received much s;ttention. 
an easy prablea. The best  WteriaJs  f o r  stopping neutrons are not, the 
most efficient ones for hard gamma rays; an& neutrons, on being stopped, 
gemsally produce gamma rays, which tave to be stopped in turn. 
shiela .sJ - f . l l  therefore be composed o f  more than one chemical. element, 

Thus at the p~esent tine the composition and efficiency of m aptlawn 
shield cmmf; be stated. 

This problem is not impvrtant in 
It is not 

The best 
The 

f a s t - ~ ~ u 2 ; 7 . o n - $ t ~ ~ ~ i ~ ~  proper-ttes a f  various elements are m t  fully laX9rn. 



ex" an one 
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TIAblTlES OF GHEMICALLY FUELED AIRCRAFT 
EMPLOYING GASOLINE 

SPEEEI? ALTl7 UDE RANGE 
( M  P!-!) ( F T )  (STATUTE MILES)  

REG1 PRQCATI NG 200 UP TO 30,000 9,800 TO I0,OQO 
ENGINE 500 LIP TO 50,088 4,GOO TO 5,000 

500  UP T O  58,000 4,800 TO 6,OOO 

550 UP 7 8  50,080 5,mo TO 6,000 

PROPJET 200 UP 18 38,000 9,000 

TURBOJET 400 15,OW 5,008 

TURBOJET WITH 500 30,000 4, aoo 
AFTER BURNING 5 5 0  33,000 4, UQQ 

RAM JET 2,000 30,000 7 0  100,000 1,000 TO 4,000 

0 8.5 1.0 I .5 2.8 2.5 3.0 2 

MACH NIJMBEW 

FIGURE n-r 
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p~ia l .  M ~ c h  number of 0.4 represents a reasonable e m r a s e ,  and has been 
u t i l i zed  i n  the LexSngton Project open-cycle turbojet calculations. 

Machinery Weights. Tine was not available t o  permit the detailed 
caponent ma ins ta l la t ion  studies needed t o  determine accurately the 
weights o f  the various power plants considered. 
of the complete unit t o  the rated sea level  thrust  was calculated f o r  a 
number of t e b o j e t s  f o r  which these data were h o r n  (l3), and it was 
found tha t  the departurea from the average value o f  approximately 0.5 
POWds of w e i g h t  per pound of thrust 
cluded the w e i g h t  of the conventional combustion chamber, which would not 
be used in a nuclear power plant ,  but th i s  is such a small f ract ion o f .  
the Dotal weight 0% 8. unit that it C;W be disregmded. 

The r a t i o  of the weight 

quite ~ ~ n a l l .  The w e i @ t S  in- 

FOP %laese same units the specific thrust (or  specific inpulse) was 
also found. The sea l e ~ e l  s t a t i c  values for  the individual un i t s  did not 
di f fe r  mch from a average valw of appmximately 53 pounds of thrust  
per pound per second of air flow. 

As a result of " c i E  review, a tw-hje t  unit with a. cmpressioxi ratio 
i b i t t a g  a specif ic  weight, of 0.5 pounaa; g~ pound sf  thrust, m a  

a specif ic  t h r u s t  of 53 at, wea teve2 r n ~  selected as a basis for  the 
weight calcu1,ations. 
hetween the power plants consideTed In the Lexington Project fitudies and 
this Bw8t.c t w b o j e t  model, according t o  the following aspments. 

Corrections were applied 7j;o &Uow f o r  the differences 

The wejght of a turbojet unit is primwily a kuzction of the volumet- 
r i c  air flow rake and the compessor presswe ratio. The flow rate deter- 
mines the s i ze  of the ducts and the frontal area of the conpressor and 
turbim, and consequently the weight of the uni t  i s  approximately propor- 
t ional to the volumetric: air  flow, 
netric air f l m  rate i s  inversely proportional t o  the product of the spe- 
cific tmplse  and the density of the air entering the c:cmnpsessar. 

For a given t b u s t ,  the required volu- 

The compressor presswe r a t i o  detemines the number of stages i n  both 
the cmpresso3- m d  turbine, and hence s e t s  the len@;th of these c 
Since the pressme r a t i o  Fer stage i s  nearly constant, the number o f  stages, 
md h e m e  thp axial length o f  the coapressor and turbine i s  approxbately 
proportional t o  %he Logaxit& of the compressor presswe ra t io .  

In addition t o  Z;hese.faetors, 20 per cent allowance was included for 
the intercooler, ex'cre shafting and ducting, and ather uncertain factors  
khich are indxtermhake a t  a preliminmy stage in the analysis. The equa- 
t i on  which resulted Prom these consid.eratlons and which was utilized to 
calcu.bte the w e i g h t  o f  the turbojet  mchlne i s  as follows: 

where w denotes the power plant macIiinery weight, F the th rus t ,  P the 
tj 
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@opellant i s  injected a t  f a i r l y  hi& pressures (perhaps 20 t o  50 atmos- 
pheres) i n to  the reactor where it vaporizes an& is  superheated t o  a hi& 
temperature. 
nozzle where it i s  accelerated t o  a high velocity. 

The hot gas is  then expaiied throu@ a suitable exhaust 

Since the nuclear rocket must carry i t s  supply of propellant, i t s  
ylossible advantages over a chemical rocket a r e  somvbt different  than 
the advantages of other types of nuclea- power plants over t h e i r  chemical 
counterparts, In the other types, the nuclear power plants elixdnate the 
f u e l  s e q u i r a e n t s  (neglectiag the small. uranium consumption), and, there- 
fore ,  have a prac-tieally limitless range. I n  the case of the xuclear 
rocket, however., the r a g e  w i l l  always be l im . i t ed  by the amount of pro- 
pel lant  that can be carried. Therefore, “che advmtage OP a nuclew rocket 
must l i e  i n  i t s  a b i l i t y  to obtain a n r e  th rus t  per un i t  rmss flow of pro- 
pel lant  t’m does 8 chemnical rocket, The iaprovemnt TB thrrust p z ~  u n i t  
mass f l o w  must in f a c t  ’De considerable in  order t o  be of i n t e re s t ,  because 
even a nuclear rocket mst provide considerable shielding f o r  instrments,’  
payloaa, etc. 

The thrurst per uni t  mso of propel lmt  i s  directly groportional to 
the exhaust velocity,  md the exhaust velocity f o r  a given pressure r a t i o  
is in  turn proportional t o d v ,  where T, i s  the gas teaperatwe entering 
the exhaust nozzle m d ~  M is the  molecultw weight 02 the gas. In princlplg, 
therefore,  nuclear rockets could surpass chemlcal rockets by heating the 
propellast; gas to higher temperatures and by the use of a propellant gas 
wtth a lower moleculw weight. 

Chenical rockets operate a t  gas temperatures between 4000 and 5OOOoF, 
although the motor w a l l s  m e  maintained. a t  nuch lcweer temperatures by 
vzwious cooling techniques, 
rocket, however, %he temperatxre of’ the reactor walls nust be hic&er than 
the gas temgeratwe, so  %hat t o  exceeU the gesfosmnce of FA chml.cal rocket, 
with equaS, 3ololecular weightsE;, the reactor wall temperature o f  a nuclaw 
rocket must exceea r00O0F. ‘The atructwal.  and. mter5al problems posed by 
such high %mperal;uras m e  so foraldable that there is llttk Lmnediate 
prospect 0% improving rocket perforglance by thZa nethod. 

To reach a gimn gas tenperatwe in EX. nuclear 

Frm these considerations, it i s  evident that, the radvzmtage of a nu- 
clear rocket over a cheaical rocket l i e s  only i n  the possibility of using 
a propellant of lower mo1ecula.r weight. The obvious choice of papel lar% 
would be hydrogen, which has the lowest possible nolecular wei 
camparable texnperatw-es a d  pressures, th is  would pe~mil; about a “Lee- 
f o l d  increase i n  specific. impulse over chmical rockets, a l t h o r n  the 
d i f f i cu l t i e s  of s tor tng  aboard the rocket liquid hydroge~l with i t a  rela- 
t i v e l y  low density would recPucc3 the ixprovemnt in perfsrmRnce of %he 
vehicle as a whole, 

The potent ia l  improvement i n  perlor.mmce of a nuelear rocket over a 
chemical rocket i s  not sufficient t o  change i ts  field. of ap@icatIon r e l a -  
tive t o  other types of power pl-ants. It is  not  sui table  for  long range 
flights inside the earth’s atmosphere, but requires i n s t e d  a t ra jec tory  
Smls t o  that of kbe Gel- v-2 &Ssile. Suchs f l igh t  pa t te rn& mitable oflly 



4,940 



















The diffemnk types o f  power plants discussed i n  &his chapter must in. 
-;he find analysis be evalueted through the t y p e  of integreztlm which i s  
i l lus t ra ted  i n  Chapter VIE. 

? 





With the open-cycle turbojet it is doubtful whether the temperature 
can be ;-educed below a figure lying Bomevhex'e in the range 1700-2000°F 
(927-1093Q2 j . 

The closed helium cycles p~"a'0ably require tenperatures not lower than 
a figure lying aoimewhes-e i n  the range 1500-P80OGF (815-982oc) 

In ail the =chine6 the const-mction OT If\@ and leak-proof heat ex- 
changfrs wlXl be a serious but  not imumom%able development problem, b u t  
the closed-cycle system require t,he 1110x-e complex heat-tramfer equipmat .  
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DESIGN GONDI r iOh !S  

FLIGHT MACH &UMBER: 0 9  
A LT I TU D E : 30,oou FEET 
COMPQESSOR PRFSSURE RATIO:  40,l 
I N TE R C 0 0 LE R E F Ft G T I V E N E: S 5 0 50 

REACTGR PRESSURE P4CP. 30% 

REACTOR FREE-FLOW RATIO. 0.40 
TURBINE INLET TEM"ERATlJRE. i800"F 

WITH H E A D E R S ,  S I Z E  BMED ON H t O r  
TRANSFER ONLY 
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....... 

I 
- 4  .......... ................ 1 .................... . ! i 

I 

~.~ 
L L  6 I ................ ............ -4 .......----.. _-.- .... ; A  
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DESIGN CONDI~i I0NCJ 

FLIGHT MACH NUMBER: 0.9 
ALTITUDE : 30,000 FEET 
COMpRESiiOR PRESSURE R a T i O :  40:l  
INTERCOOLER EFFEG-I IVENESS:  0.50 

3c '7, REAClOH PRESSURE DROP: 
REACTOR FREE- FLOW QA1.10: 0.40 

SINGLE PASS SQLlPRt CYLLINDLR YEL'CT'JI-~ 

'NIT11 I i F A D t H S ,  S IZE BASED ON H E A I  

TRANSTTR ONLY 
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DESIGN CONDITIONS 

FLtGtiT MACH rJub-?sm: 
LT I T U D E : 

C 0 ivi PRES SO R I> F: E S S U iR t ii AT I 0 : 

IN1'EHCOOLER 
REACTOR PRESSURE DROF': 

E FFEG T IVE  N CSS : 

R E i c m i  FREE--FLOW R A T I O  

TUKR i NE INLET TEMPEHATURE; 
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FIGURES lII-52,Illo-53 >DI-so 
HELIUM GAS-TURBINE GOMPRESSOR-JET 

;HARACTERISTICS OF HELIUM CYCLE (BASED ON OPTIMISTIC ASSUMPTIONS, 

DESIGN CONIDITIONS 

COMPRESSOR EFFlCiENCY : 90 % 
TURBINE EFFlGiENCY : 9 2  ”/, 

0 .95  
TURBINE PRESSURE RATIO 

COMPRESSOR PRESSURE HA’KIO 

................. ................. ._ 

____ 

NOMFNC LATURE 

T,, = T U R B I N F  iNL.ET T E M r E R A T U R t  

T b  = C O M P R t S j s O R  I N L E T  TFMPCHATURE 

0 2 4 6 e 
P R KS SU RE HAT! 0 C 0 M PR ESSO R 

FIGURE IIT-52 

0 2 4 6 8 

COMPRFSSOR PRESSURE RATIO 

FIGURE T.LI-53 
............ .................... .. .. 

COMPRESSOR PRESSURE RATIO 

FIGURE II-54 

. . . . . .  . . . .  . . . .  ._ .I. I. . .  . . . . .  



HELIUM 
GWARACTERiSTICS OF W 

DES I G N CON D,IT I OMS 

COMPRESSOR EFFlGlENCY : 80  x 
TURBtNE EFFiClENCY : 82 "/, 

* 80 
TURBINE PRESSURE RATIO 

COMPRESSOR PRESSURE KATIO 

FIGURE SIt-55 
_._. . 



F iGllRES s1T-58,~-59,uZ-60, Ill-51 

CHARACTERISTICS OF PROPULSIVE DUCT (FOR HELIUM CYCLE I 1 
H E LI I J  M GAS -TU I3 E3 I N E C (3 M P R E S S  OR - 4 E T 

-_I_ .- __. __ 
D ES I GN C O N Q j ~ ~ - O & ~  

FLIGHT MACH NO.: 0 9  
ALTITUDE: 30,000 FEET 
HE COMPRESSOR PRESSURE RATIO: 3.0 
HE TURBINE PRESSURE RATIO: 2.7 
HE COMPRESSOR INLET TEMPERbTURE:200 F. 
HE TURBINE INLET IEMPERATURE:  1.540 E 
EFFICIENCIES (HE CYCI-E) qc=85B/o; Q7,=88% 
EFFICIENCIES:(AlR CYCLE)  I ID=9Q%; iqc=85D/0 

MAC14 NO. AT AIR COMPRESSOR INLET: 0 5  
QN = 92% 

RADIATOR TUBES: D IAMfTER 1/8 IN 
WALL TliiCKNESS 0 004 I N  

DENSITY 499 I.BS/FT. 

NOM ET. N C L AT 1.! R E 
WH = HFLIUM FLOW RP 1 C 
IdA = A I R  FLOW R A T E  
PR =REACTOR INLET PZFSSURE 

4000 6000 8000 lKlO0 120CO 

800 

-. 600 

F I G ii R E 'HI- 58 

FIGURE iE-60 

4OOG 6909 9000 I O O M  12000 

1 K I LOVJATTS 
1000 13s. THAI:ST 

WEACTOR POWER 

FIGURE I'E-El 
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FlGUR CS LII-66,x11-67,IiI-68, ID-69 

H ELI U M GAS-TURB INE COMPRESSOR -JET 
CHARACTERISTICS OF PROPIJLSIVE DUCT ( FOR HELIUM CYCLE ) 

I 
I I FOR ALLaH- 

O I  I wA 

4000 6000 8000 10000 12CdO 

_._. . .. . . . . . . . . . . . . o ES I G N - T ~ % ~ E I T I  o N s 
FLIGHT MACH NO.: 0. ' 
ALTITUDE: 30,000 FEE' 
HE COMPRESSOR PRESSURE RAT 10: 3.c 
HE TURBINE PRESSURE RATIO: 2.' 
HE COMPRESSOR INLET TEMP: 1601 
WE TURBINE INLET TEMPERATURE: 15401 
EFFICIENCIES:(HE CYCLE) 'r\,=85%,; qT=88';b 
EFFlC I ENCIES: (AIR CYCLE)  qD=90%; nc 585% 

q,., = 92% 
MACH NO. AT AIR COMPRESSOR 1NL.F.T: 0. 
RADIATOR TUBES: DIAMETER I/E, i l  

WALL THICKNESS 0.004 I1 
DENSITY 490 LRS/Fl 

~ 

NOM E NC L ATU R E 
W, = HELIUM FLOW RATE 

P, =REACTOR INLET PRESSURE 
WA = A I R  FLOW RATE 

KILOWIIITS 
REAcToR ( 1000 LBS. THRUST 

FIGURE ID- 66 

I 

100 

KILOWATTS 7 
( I C 0 0  LBS. THRLJST 

FIGURE D-68 

HELIUM CYCLE IJI 

0.185 

WORK RATIO:  0.31 

THERMAL E FFlC I ENCY: 

SPECIFIC, HELIUM FLOW: I1.3LB§./HP-HR. 

4000 6000 8800 10000 12000 
KILOWATTS REACTOR POWER ( 

LE15. TWRUS1. 
FIGURE BI-67 

4000 6000 0000 10000 12000 
KILOWATTS 1 

( 1000 LBS. THRUST 
FIGURE Et- 69 
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FLIGHT MACH NO : 0.9 

MACH NO AT AIR CO 
RADIATOR TUBES 

W ,  = HELIUM FLOW RAYE 

SPECIFIC HELIUM FLOW 
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FIGURES III-7rFJm-75,II-76, IU-'7'7 
H ELIU M GAS-TURBINE COMPRESSOR -JET 

CHARACTERISTICS OF PROFLJLSIVE DUCT (FOR HELIUM CYCLE 

;* ' 
l a p  : 2  
r 8  
i o  

FLIGHT MACH NO.: 0.9 
ALTITUDE : 30,000 FEET 
HE COMPRESSOR PRESSURE RATIO: 3.65 
HE TURBINE PRESSURE RATIO: 3.28 
HE COMPRESSOR INLET TEMP.: 240 F: 
HE TURBINE INLET TEMPERATURE. 1800 E 
EFFICIENCIES. (HE CYCLE) Ttc=85%; q(,=88% 
EFFICIENCIES:(AIR CYCLE) nD=90%; Qc=85% 

MACH NO. AT AIR COMPRESSOR INLET: 0 5  
r\, =92X 

I- 
v) 
3 ix 

RADIATOR TUBES: DIAMETER 1/8 IN 
WALL THICKNESS 0.004 IN 

DENSITY 490 LBS/FT: 

NOMENCLATURE ___ 
W,=HELIUM FLOW RATE 
W,=AIR FLOW RATE 
P, =REACTOR INLET PRESSURE 

4000 6000 8000 IOOOO 12060 
1 KILO WATTS 

PoWER(-kOOO LBS. THRUST 
FIGURE I3E-74 

HE1,l.lJ.M CYCLE PY 
THERMAL EFFlCl EMCY: . 0.196 

0.257 WORK RATIO: 
SPECIFIC HELIUM FLOW. 18.4 LBS./I-IP-HR. 

r-. 

4606 SO00 8000 10000 12000 

_ _  
FIGURE Ipp-75 

6000 I--- ....... ! ..... ...... __ 

REACTOR POWER (--------- KILOWATTS 1 
1000 LBS. THRUST 

FIGURE DT-77 



MACH NO. AT A1R COMP 
RADIATOR TUBES. Dt 

DENSITY 

NOMENCLATURE 
WH = HELIUM FLOW RATE 
Wn * A I R  FLOW RATE 
P, sREAGTOR INLET PRESSURE 

E 4000 6060 6000 IO000 12000 
KILOWATTS 

lam tB%THRU!sT 1 
FIGURE E-78 

___-.--- 

HELlUM CYCLE X I  
THERMAL EFFICIENCY: 0.237 

WORK RATIO: 0.308 
SPECtFIC HELIUM FLOW 8.0 LBSJHP-HR 

-___ . 

FIGURE IU- 79 

FIGURE a - 8  I 
... 



FIGURES III-82,m-83,IU-84, III-85 
H ELI U M GAS-TURBINE COMPRESSOR -JET 

CHARACTERISTICS OF PROPULSIVE DUCT (FOR HELIUM CYCLE PiI ) 
D ES I G N CONO I TI o N s 

FLIGHT MACH NO.: 0.9 
ALTITUDE : 30,000 FEET 
HE COMPRESSOR PRESSURE RATIO: 4.c 
HE TURBINE PRESSURE RATIO: 3. E 
HE COMPRESSOR INLET TEMP.: 200 F. 
HE TURBINE INLET TEMPERATURE: 1800 "F 
EFFICIENCIES: (HE CYCLE) qc=85%;  Q,=88% 
EFFICIENCIES:(AIR CYCLE) -Q\,~90%; r(,=857' 

MACH NO. AT AIR COMPRESSOR INLET: 0.5 
RADIATOR TUBES: DIAMETER 1/8 In 

WALL THICKNESS 0.004 Ih 
DENSITY 490 LBWFT 

QN =92% 

NOM E NC L ATU R E 
W, = HELIUM FLOW RATE 
W, =AIR FLOW RATE 
P, =REACTOR INLET PRESSURE 

1 KILOWATTS 
1000 LBS.THRUST 

FIGURE IIL-82 

4000 6000 8000 loo00 12000 
KILOWATTS 

( io00 Las. THRUST 
FIGURE III-84 

HELIUM CYCLE 

THERMAL EFFICIENCY: 0.216 

WORK RATIO: 0.277 
SPECIFIC HELIUM FLOW, 9.2 LBS./Hf?-HR. 

1 KILOWATTS 
1000 LBS.THRUST POWER( 

_. 

FIGURE III-83 

1 KILOWATTS 
I O 0 0  LBS. THRUST ( 

FIGURE IJI- 8 5 



FLIGHT MACH W ~ :  05 
ALTITUDE. 30,000 FEE3 

WH= HELIUM FLOW RATE 

P, =REACTOR tNLET PRESSURE 
Wh * A I R  FLOW RATE 

1 KILOWATTS 
t O 0  Lf3S.THRUST 

FIGURE E- 86 

THERMAL EFFfC I ENCY: 
WORK RATIO' 
SPECIFIC H E t t U M   FLOW^ 16.2 LBS 

KILOWATTS 
REAC7QR POWER 1000 LRS. THRUST 1 

I FtGURE a-87 



FIGURES ITl'-9a,111[-91 ,m-92 ,lTl-93 
H ELI U M GAS-TURB INE COMPRESSOR -JET 

EFFECT OF ALTITUDE ON COMPLETE PROPULSION EYSTEM 

I Y 1 

_._. ... ... . . . . . 
DE SI GN-TOND I T I o N s 

'LIGHT MACH NUMBER: 0.5 
41-TITUDE : 30,000 F l  
IELIUM CYCLE: I 

COMPRESSOR PRESSURE RATIO : 3.c 
TURBINE PRESSURE RATIO: 2.7 
GOFAPRESSOR INLET lEMPERATURE: 200°F 
TUPBINE INLET TEMPERATURE: 1540°F 

PRESSURE AT REACTOR INLET: 1000 PS 
?AT10 OF HELIUM TO AIR FLOW: 0.1 E 
41R COMPRESSOR PRESSURE RATIO 1.95 
41R EFFICIENCIES : O D  = 90 % ,  0,=85%,r\, = 92 % 
EACTOR FREE FLOW RATIO ( FFR ) : 0.4 
SINGLE PASS SQUARE CYLINDER REACTOR 

dAXlMUM REACTOR WALL TEMP : 1832 " f  

EFFICIENCIES Q c  = 85 % ; 0~ = 88 % 

WITH HEADERS. 

'RESSUHE AT REACTOR INLET:  1000 PSI/ 

0 20 40 60 80 
THRUST (1000 LBS.) 

FIGURE IU-90 

0 20  40  6 0  8 

THRUST (1000 Les.) 
FIGURE In-92 

DIFFUSER ll---L&l 'RADIATOR 

ALTITUDE REACTOR POW&i_ ,AIR SPECIFIC 
(FEET)  THRUST IMPULSE 

( K W  1 1000 LEIS.) 

30,000 6850 26.3 
40,000 6220 29 O 
50,060 6220 29.0 

(LBS - S E W  LB.) 

0 20 40 60 80 

THRUST (1000 LBS.) 

FIGURE m- 91 

- 
2 
v 

LL w 
t- w 
E 
5 n 

m w 
3 
I- 
LL 
0 
I- o 
w 
K 

a 

0 20  40 60 80 

THRUST (1000 LBS.) 

FIGURE III-93 
~~ ........ 



tE GOMP PRESS. RAT% 3.0 3,Q 3.0 4.0 
tE TURBINE PRESS RATIO 2.7 2 . 7  2.7 3 6  
IE COMP INLET 200 200 200 200 

IATIQ OF HE.Te) 

ktR EFF1CIENClES: ( ? p z 9 O % ;  27,~85%; ~ 9 2 %  
lEAGTOR FREE- FLOW KATt0 (FFR) 5.4 
'RE55URE AT REACTOR INLET 1080 PSlA 

0 20 40 60 80 

THRUST (1000 ies.; 
FtGURE nX-94 

0 20 YO 60 

THRUST [ io00 tss.1 

FIGURE m-97 



FIGURES IlI- 98 ,IU-99 

P R 0 PULSION SYSTEM 

H E LI U M GAS-TU RE3 I N E COMPRESSOR -J ET 
EFFECT OF MAXIMUM REACTOR WALL TEMPERATURE ON COMPLETE 

DESIGN CONDITIONS 

I 

FLIGHT MACH NUMBER: 0.9 
ALTITUDE : 30,000 FT. 
HELIUM CYCLE : I 

COMPRESSOR PRESSURE RATIO : 3.0 
TURBINE PRESSURE RATIO : 2.7 
COMPRESSOR INLET TEMPERA1 LJRE : 200°F 
TURBINE INLET TEMPERATURE: I540 O F 

PRESSURE AT REACTOR INLET: I O 0 0  PSI  
RATIO OF HELIUM TO AIR FLOW: 0.1 5 
AIR COMPRESSOR PRESSURE RATIO 1.99 
AIR EFFlClENClES:~,=90%;~,=85%;fiN = 9 2  % 
REACTOR FREE FLOW RATIO (FFR ) : 0.4 
SINGLE PASS SQUARE CYLINDER REACTOR 

WITH HEADERS, 
MAXIMUM REACTOR WALL TEME [TwM,,):VARIABLE 

6850 KW/ I000 LEIS REACTOR POWER. 

AIR SPECIFIC IMPULSE : 26.3 L B S  SEC./LB 

EFFICIENCIES : 0~ = 85 % ; f i ~  = 88 % 

THRUST 

h 

!i 
E 4  

5 3  

W 
t- w 
5 

CI 
a 
5 2  
2 
W 
-J 

t- o s K O  
0 2 0  40 60 80 

THRUST ( I O 0 0  LBS.) 

FIGURE E - 9 8  

.-I. 

5 0.20 - 
LT w 

E 

0 

0.15 
a 

w 0.10 m 

- 

3 + 
0.05 

ti a 
2 0.00 

0 20 40 60 80 
THRUST( 1000 L 8 3  

FIGURE ICT-99 
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SINGLE-PASS SQUARE CYLINDER REAGTQR, 
BASED ON HEAT TRANSFER ONLY 
S~NUSOIDAL HEAT FLUX Dlsl R~BUTION W ~ T H  

ENTERING REACTOR 

L TEMPERATURE 

d =TUBE DIAMETER 

!-- 

--__I___ 
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FIGURES lII-l02,~-103 
BISMUTH TURBOJET 

GH A R AGTER I STl CS 0 F B I SM UTH - COOLED R ... E ACTOR 
- DES I G N GO N DIT I 0 N!S 

SINGLE-PASS SQUARE CYLINDER REACTOR, 
BASED ON HEATTRANSFER ONLY 
SINUSOIDAL HEAT FLUX DISTRIBUTION WITH 
2046 OF MAXIMUM POWER AT ENDS 

NOMENCLATURE 
T d  =BISMUTH TEMPERATURE LEAVING REACTOR 

:FR = FREE - FLOW R AT1 0 
d =TUBE DIAMETER 

REACTOR HEAT OUTPUT (BTU/SEG.) 

REACTOR HEAT OUTPUT (BTU /SEC.) 



=MAXIMUM REACTOR WALL TEMPERATUR 

'FRzFREE- FLOW RATIO 
d =TUBE DIAMETER 

7 

REACTOR HEAJ OUTPUT (BTU/SEC.) 
FIGURE El-104 
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F I GU R E$ m - 1  05 m - I  0 6 , rn - I 0'7 >m- I 0 8 

€3 I SMUTH TU R B Q  JET 
EFFECT OF COMPRESSOK PRESSURE RN'I(3 ON AIR CYCLE 

DESIGN CONDITIOb& 
FLIGHT MACH NUMBER 0.9 
ALTITUDE. 30,Or)O F1. 
GOMPRESSOR PRESSURE RATIO: VARl  AOLk 
TURBINE INLET TEMPERATURE 15OOOF 
EFFICIENCIES: ?(p=9O%;\r\c=83 5bb,;r7~=87%, 

INTERGOOLER EFFECTIVENESS: 0 5 0  

(PROPULSIVE AIR):  5 %  
HEAT EXCHANGER TURE DIA. '/a INCH 

'r\N =90% 

INTERCOOLER PRESSURE DROP 

WALL THICKNESS 0.004 INW 
DENSITY 430 LBS./FT3 

EXCHANGER 1656°F 

EX GH ANGE K ! I 180°F 

BlSMlJTW TEMP ENTER iNG HEAT 

BiSMUTH TEMP LEAVING HEAT 

6 a 
W ,I 

2 
1 

COMPRFSSOD TURBINE 

N O M E N C  L A T O R E  ......... ~ 

GPR = COMPRESSOF( PRESSURE RATIO 
& = INDICATES THAT INTERCOOLER IS USE 

- ... 

FIGURE m-IO 8 



D E S I G N  CONDITIONS 
FLIGHT MACH NO.: 0.9 
ALTITUDE i 30,000 FT 
COMPRESSOR P T10: 6 .O 
TURBINE INLET RE: VARIABLE 
EFFICIENCIES: Qo= 833%; r\ T=87%i 

IAMETER 1/8 IN 
0.004 IN 

490 LBSIFT? 

l656* F: 

I180 F 

31SMUTH TEMP ENTERING HEAT EXCHANGER: 

31SMUTH TEMP LEAVING HEAT EXCHANGER: 

. _ _ _  . ... .... . . ... . 

50 

4 0  

30 

20 

i Q  
800 1000 1200 1400 16 

FIGURE III-llO 
ING TU MINIMUM POINTS 

ON FtGURE m-lO9) 



FIGURES IU- l l l  ,ID- 112 ,m-l13 
BISMUTH TURBOJET 

EFFECT OF TURBINE INLET TEMPERATURE ON COMPLETE POWkR PLANT 

_____._I DESIGN CON DIT1 ONS 
'UGHT MACH NO.: 0.' 
rLTl TUDE : 30,000 F 
;OMPRESSOR PRESSURE RATIO: 6.1 
URBINE INLET TEMPERATURE: VAR I ABU 

IEAT EXCHANGER : TUBE DIAMETER Y, INC 
WALL THICKNESS ,004 Ir 
DENSITY 490 LBS/FT 

llSMUTH TEMP ENTERING HEAT EXCHANGER:163 
llSMUTH TEMP. LEAVING HEAT EXCHANGER: 1180' 
IEACTOR FREE-FLOW RATIO : 0 .  
LEACTOR TUBE DIAMETER: 3/8 INC 

400 

300 

200 

100 

0 
0 20  40 60 80 

THRUST (1000 LBS.) 

FIGURE III-III 

L -  

O 20 40 6 0  80 

THRUST (1000 LBS.) 

FIGURE ID-113 

COMPRESSOR TURBINE 

20 40 60 

THRUST (1000 LBS.) 

FIGURE Il l-I12 

NOTE : 
IN FIGURE a- I l3,MAXCMUM REAC 

WALL TEMPERATURE WAS VARIED TO 1 
TAlN CONSTANT AVERAGE TEMPERATl 
DIFFERENCE BETWEEN WALL AND GOO 
THUS, THE DIFFERENCE BETWEEN TH' 
CURVES IS DUE ENTIRELY TO CHANGE 
CYCLE EFFICIENCY WITH TURSINE INL 
TEMPERATURE. 
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DESIGN C O N 5  I T IONS 
FLIGHT MACH NUMBER: 0.9 
ALTlTUDE: VARlABLE 
COMPRESSOR PRE55URE RATIO: 6.0 
TURBINE INLET T E  RE: 1500" F 
EFFtGiENGIES: )1~" 5 83 5% ; 

N . 9 0  'y, 
NO INTERCOOLER 
HEAT EXCHBNGER: TUBE DIAMETER '/ INCH 

W A L L  THICKNESS 0.004 INCH 
DENStTY 490 LBS/FT3 

BISMUTH TEMPERATURE ENTERING 
I656 "F 

BISMUTH T ING 
i I80OF 

REACTOR F 0.4 

REACTOR MAXIMUM WALL TEMP.: 18 
REACTOR TUBE DIAMETER: 3/e INCH 

_I_. ...... 

400 

4 u 
U 
II 
U 

K 300 

2 - 200 
oki E ?  
%, 100 

0 2 0  40 60 80 
THRUST ( 1000 LSS.) 

FIGURE XI-114 
. _ _  _II 

__ . ... 

400 

3 00 

200 

100 

0 
0 2 0  40 

FlGURE m-115 
__c------ 

CT 
0 

9 w n 

t; 

o 20 40 60 a0 
THRUST ( IO00 LBS.) 

FIGURE m- tl6 
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FIGURES III-117 ,m-lIa 
BISMUTH TURBOJET 

EFFECT OF BISMUTH PUMPING POWER ON REACTOR DIAMETER 
............ 

DESIGN CONDITIONS 
FLIGHT MACH NUMBER: 0 .s 
ALTITUDE: 30,000 FT 

INTERGOOLER EFFECTIVENESS: 0.5C 
INTERGOOLER PRESSURE DROP: 

( PROPULSlVE DUCT) 5% 
H E A T  EXCHANGER TUBE DIAMETER: 1/81NCl- 
REACTOR : SINGLE-PASS SQUARE GYLlNDEi 

BASED ON HEAT TRANSFER AND 
PRESSURE DROP 

TlON WITH 20% OF MAXIMUM POWER 
AT ENDS 

SINUSOIDAL HEAT FLUX DlSTRlBl 

REACTOR FREE-FLOW RATIO (FFR): 0.4 
VARIABLE REACTOR TUBE DIAMETER: 

.................._I 

........................................ 

....... 

/TwMAX.,' F 1840 1848 1840 
TTURBINE ,OF 1500 1500 1500 
Td,"F 1656 1740 1743 
Tc,"F 1 \ 8 0  896 54C 
INTERCOOLER NO NO NO 

....... 

I_ 5 F CASE A 

E 3  

L 2  

p 1.0 

E w 

z 
Q 
a 

a 
a 

0 

W 

I I 
5 x 1 0 4  IO5 i!x105 5 ~ 1 0 ~  IO6 
REACTOR HEAT OUTPUT (BIUJSEC.) 

COMPRESSOR TURBINE 

NOMENCLATURE 
Td=BISMUTH TEMP. LEAVING REACTOR 
Ti=BISMUTH TEMP. ENTERING REACTOR 
TwMm.=MAXlMUM REACTOR WALL TEMP. 
TTURB~NE' TURBINE INLET TEMP. 
CPR = COMPRESSOR PRESSURE RATIO 

................ 

G 
6 

I370 
I O 0 0  
1270 
I O  I5 
NO 

1656 
1180 

.5 
5x10" 105 2 x 1 0 ~  
REACTOR HEAT OUTPUT (BTU./SEC.) 

FIGURE III- 118 



II__- 

EFFECT OF 

T TEMPERATURE: 
ENGIES: n c n 8 5 %  ; QT*88Yo 

WALL THICKNESS 0.004 Ih 

HEAT EXCHANGER: 1680°F 
HELIUM TEMPERATURE ENTERING 

HELIUM TEMPERAT 

HELIUM TEMPE 
REACTOR FREE 
REACTOR tNLET PRESSU 

(FEET) RATE( 

-- - __-. 

400 

b- 
f 300 ‘-3 

I- 200 
a 

0: +J 100 

Q 

s 
@-g 
$% 

I: 

A -  

ALT. = J0,OOOFT. 
v 

0 20 40 6 

THRUST (1000 LBS.) 

FIGURE IIT-120 

THRU57 (I OOOLBS) 

FIGURE IIE-I 21 



FIGURE ID- 1%2,IcI-123,-~- 124 
XAMPLES OF P T i 6  
IASED ON HEAT ON 

Examples o f  three reactor  con- 
f i g u r a t i o n s  which would provide the 
heat t r a n s f e r  requi red f o r  an open- 
cycle a i r  t u r b o j e t  a t  the fa l l ow ing  
des i gn cond i t ions: 

A I  t i tude 
Turbine l n l e t  Temperature l€DO°F 
Max. Reactor Wal I Temp, 2 
E f f i c i e n c i e s :  r\ =.a; q c  =.@; 

Compressor Pressure Rat i o W :  i 
I n te rcoo le r  Ef fect iveness 0.50 
Reactor Pressure Drop 30% 
Reactor Free-Flow Raxio 0 .MI 

F l i g h t  Mach Number 0.9 
3,000 ft. 

r\ T =.87; T\N '.m 

SPl1 T-FLW SQUtPRE CYL I NDER REACIQR 

Thrust, F 2 m  I b .  
Diameter, D 1.80 ft. 
Tube Length, L 6.5 i c .  
Tube Diameter, d 
End Header Width, h 
Center Gap Width, S 
Minimum Wall Thickness 9 
Number o f  Tubes &.3,06c! 

h 

FIGURE III- 123 

Thrust, F 
Diameter, D 
Tube Length, L 

Number o f  Tubes 

I I  i i  

ARE CYLINDER 
PORW PLATES 

Thrust, F I b .  

Thickness o f  Porous P la tes  Q.02 i n .  
Equ i r a  I ent  0 i ameter o f  

0.001 in.  
1.4 in. 

P l a t e  Spacing, S 2.7 in.  

Diameter, D f t  . 

P-----Q+ 
t I t t t l  I I+ -[ 

-* 
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Tv-De of Power Plant Xeaui xed Wac t o r   em^ 

Open-cycle turbo jet 

Bismuth %urr;bojet 700 - 8200~: 

930 - i.og00r7 
Hel_ilm compressor- j e t  o r  tu rboje t  820 - 980% 

V3po.l- cycle 540 - 630% 

18,000 
24,000 
3Q, 000 
44,000 
55 Y 000 
75, 000 
lQQ,OOO 
200,000 
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l e  eqml to -that of the value of u.ragraphitized carbon at the saae t 
%%we. 
caused the carrtiuctivity t o  decrease only t o  one-third. On %he basis of 
this l a t t e r  result it i s  believed that graphite contaiaiw coarse ur 
par%icles w i l l  not show serious damage &wing a l(SO-how life in a PO 
nextiron flux. 

On the other hand, coarse uranium. 235 pa.x-%lcles of lOO-~esh size 

This leads one t o  the hope that m%erials in the reactor at high 
tempE.rat-wes night escape extensive damage if" the displace& atam are 
sufficiently mobile to r e t u r n  shortly t o  -P;hcfr stm-LZng p i n t  a d  thus 
reatore t h e  c rys t a l  laLtice t o  i t a  or iginal  eondi.tlon. Tbis is importank 
since the 1-oss of therm1 eonductlvlty i n  the reactor  wt,elgial.s I s  pax- 
ticularXy harmful, as i . L  increases the temperatixe grad$en% in the 
a t o r  sections and augments the tenperature sZ;re~.;;es, 

S m e  work has been done on beryl l ia  after exposimc t o  a neutron flux 
md it is shown again that there is s-PgniPicajat darnzge af; room temper- 
ature, particularly a decrcase in the t h e m 1  coaductfvfty t o  about one- 
half. 
conductivity value, so khat  on the whole this matterial is less nTPected 
by neutron bonbardxen% than graphite. 
subjected t o  ftssion recoils, the dnmge Es mre extensive and the thermal 
conductivity is decreased about f ive  timesm Fkat little information is 
wiilit731.e would indicate that the cwech~a~fcal strengkh is not pwticl-ibarly 
influenced by these effects, 

Annealing a t  moderate temperatzi.~es appears t o  restore the original 

Or the other hand, i f  beryllia is 

1% should be empbasizctl that befom a high-intensity reactor can be 
designed, it is  necessary to have ex-t,cmS?ae bawledge of radiation damage 
effects on moderator wterials under the conditions of hlgh flax m d  high 
temperature that; would be expected in the aircraft reactor.  
be one of the immediate pob-beans; and i-t wll3 prnhahly be necessary to 
des ign  a special reactor for .the p q o s e 2  as discussea in Chapter le 

This should 

The fuel. in a reactor can be upPasnim 235, ur4mium 233 or plutcmium. 
The mmt  required in a reactor h m  been dtseussed eaFlier f n  this chap- 
te r ,  and w i l l  rutl frm perhaps 20 powidda to 200 pounds i n  pmposed dealgas. 
The fuel  can be dispersed uniformly k'asough the zuaterial Pn ;z hmogeneous 
*.*. 2 





IVA-20 

of neutron-scattering power, gases tend t o  increase bokh the s ize  of the 
reactor and the mount of fue l  needed. 
has peculiar i n t e re s t  f o r  an a i r c ra f t  reacCor, and helium also merits 
consideration. 

On the other h a d ,  air cooling 

The gases whlch have been seriously proposed for coolants include 
hydrogen, helium, and a i r .  A i r  i s  an oxidizing agent a d  cannot w e l l  he 
used in contact with such moderators as' graphite o r  most metals a t  high 
temperatures. Ey&ogen i s  a strorle; reducing agent and seriously a f fec ts  
the properties of some refractor ies  ai high temp&atwre. 
the other hand, i s  completely ine r t  a d  can be used i n  contact with any 
of the materials i n  the reactor,  

Helium, on 

Water, the principal liquid so far mea as a coolant, has  the advan- 
tage of being aa excellent moderator; has excellent heat-transfer prop- 
eyties,  but i s  limited i n  the maximum temgeratwe t o  which i t  can be 
used, even when working t o  c r i t i c a l  pressures. 
used to form stem i n  the reactor, sel-ious cont ro l  problems arise. 
water i s  also a goad moderator, b& i s  d i f f i c u l t  bo produce i n  quantity. 

Perhaps the most in terest ing coolants f o r  airplane reactors ape the  

Moreover, i f  water i s  
Heavy 

elements lead and. bismuth and t h e i r  alloys.  
have good nuclear properties, are  e f f i c i en t  heat-transfer media, and 
have negligible induced radioactivity.  Bowever, pract ical  problem must 
be solved i n  melting the metals f o r  s t a r t i ng  operations and to  prevent 
expansion effects during the  melting or freezing. I n  Tables IVA-6 and 
IVA-7 are l i s t e d  other metals and a l loys  which may be of in te res t  as 

These elements and alloys 

COOl.?DltS. 

There is  a poss ib i l i ty  tha t  some of  the lower-fusing s a l t  mixtures 
d g h t  be useful as coolants, but l i t t l e  i s  known of t h e i r  s t a b i l i t y  or 
corrosiveness. Sa l t s  containing b i smth ,  lead, or  socZiUm, together with 
phosphorous, s i l icon,  oxygen, sulphur or fluorine would have suf f lc iea t ly  
good nuclear properties, and a number of l o w  m e l t i n g  point compounds or 
mi&uras can be formed i n  these systems, 

To sum uy, the coolants, it m y  be said %hat; a number of gases and 
l iqu ld  netals are quite pract ical  i n  reactor construction, although 
more data are  needed on the reactions between various possible coolants 
am3 noderators and containers. 



58 Bi IC2 sn 8.59 239 
76.5 131 10.2 I 0 69 
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The protectfan m y  also be a coating deposit:& an the  surface of a 
muaderator or other p&s of .the reactor. 
prateeked Prom air  by a s i l i c ide  coating which probabl-y fuses t o  a self- 

For example, pllolybdenum has been 

s i l i c a  glass, thus protecting the surface, Certain high-tct 
ham been propo6efi consiatlng of" a glassy material which i s  

Other protective coatings down on the aurface of the body t o  be protcctea. 
have been suggested, such as bonded silicon carbide .ma a l d n a .  
a l l  of these coatings are subject t o  a very sesioufi l i d t a t i o n ,  that  I s ,  

~%S'88;4@ pln h0l.E 05" 

However, 

thtg a i t f m u i t y  or c o a t i ~  the tre ndous wea af the reactor w-lthout a 
porosity whrich ~ ~ ~ l l d  p e ~ ~ ~ ~ i i t  ~ O C S ~  a c t i a n ?  
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Table I V A - 1  

EZJMARY OF PILI3 DESIGN DATA 3.  Pile Suggestions 

3 .1  
Young 

3.2 
young 

3*3 384 
young More- 

NWY 

3.5 
Clinton 
Ebwer 

u235 u235 
100 
45 .? 
Be 
4.6 
50 a t m  He 
60 
c 
J-o33wo 
6340 
115 

u23 5 U235 
100 30 
la. 4 3 . 4  
Be Be 
1.8 1.0 
50 atm He 
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Since the needed ettteuuett 
low-, -the type of" estimate give 
by a more thorough study which 
ocher than those included here. 
cult fo r  the very Teason thl m&es it rp~cess 
tb attenuation factors are not gasticularl-y e. (see section ozs 
S M d d  6.) 

t&at is, bacause 

Estimtes of the attenuation faetors needed for a pilotless ais- 
n here as the last r: 

-taw aircraft, 
rsecztor. power, the f 
Tables IV3-2 wid IVe-5. 
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B9im.w~ G m m ~ , X a y  Attenuation 

An underestimate of required weight; pelp u f L  area far a shield can 
be obtained frm a consideration 

less than the incident radiation by this factor  but %ha,% the gamm rad 
stiun which r 

also be qualfficd in two directions. F-fmt, the ineide 
have an energy somwhere around 3 Mev, and for any othe 
B srud1er weight aP shielding ma 
is accurate t o  about 6$. 

Since the gasvna mdfation emer 
ffeasQlzgbl@ number af garma rays i n  
nmber 58,s gm, /sa. cn. 

accumtely to the gama, radiation from the reacto 
discsussleon of the attenuatfon factors xree&ed naa 

heavy shields a we-ight of 
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Gross Weight of Tug 
15  

5000 p01m4s 

The corresponding formula for the thrust of the manned aircraft is 
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FIGURE 9 - 6  

V E LO C 1 T Y t .I 
oc V 

oc =ANGLE OF ATTACK (CABLE) 
L = L I F T  ( LBS.) 
D = D R A G  (LBS.) 
W =CABLE WEIGHT (LBS.) 
T =CABLE TENSION (LBS.) 

WHERE 

L =C, 1 / 2 P V 2 d  1 W = L + D x t a n c x :  

D = C  a 1/2 P V 2 d  T = D/coscx  

C L = L I F T  COEFE FROM FIG.=-7 

G , =DRAG COEFF. FROM F1G.X-7 

P =MASS DENSITY OF A I R  

V = V E L O C I T Y  (FT./SEC.) 

d = C A B L E  OIA.(FT.)  
1 =CABLE LENGTH(FT) 
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Chapter VI1 

The ln tegra t ion  of all the  f a c t o r s  S,hc?.t have been discussed 5-n 
Chapters 11 through V I  i n t o  a spec t f ic  cLrcrui't des ign  : is an exceedin&{ 
complex problem. i%,ny ccqrom. 8 % ~  nn.1si be ef:t'ectcd e 1:1-:ziiiL.i req);iire - 
ments nust  be balanced against  reactor s i z e ,  shield c o i ~ ~ ~ ~ ~ ~ s - i t i o n  and c l i -  
mensions against  a l lo t r~ t l~ le  rad ia t fon  dosage for crew and payload, open 
against  closed-cycle operation, and ;L host  of other  var iables  that .affect  
ult imate a i r c r a f t  perfonizmse must be wel.po;hed m-d evaluated. 

A s  a final. s t e p  a ta1~ul.ation of twznty-five i l l u s t r a t i v e  design corn-. 
binat ions based on tlie curves i s  presented at; thz  end of the chapter. 

The probable uses of nuclear-powered a i r c r a f t  . as described i n  
Chapter 11, are f o r  long-range bombing o r  rcconnal ssance missions. 
A i r c r a f t  f o r  suck missions uiust have high-speed and alt i tucie perforimam, 
t h e  minimumbeing a Mach number 0.9 and a a l t i t u d e  of 3S,OOO f e e t .  
payload (bombs o r  photographic and radar-impping eqiiipmnt) i s  assumed t o  
be approximately 10,000 pounds. 

The 

The sh ie ld  rc.qu.-irement i s  (IT y imsry  imj?ortFincc: i n  determiiring t-he 
s i z e  and weight of the a i r c r a f t .  O f  t h e  three ilif'lerent, types of nuclear- 
powered a i r c r a f t  which have been c:>iisidered .- .. iw?.med; pi loLless  and tug- 
tow .-- the  maimed zircrsf l ; ,  w l . t h  its crew 5.n close ;roxirnfty t o  tlie 
nuclear reac tor  requlres th.s t h i c k e s t  shield.  Vor the p ro tec t ion  OS the  
crew i n  the towed aircraf'i,, th.e nuclecr -powred txg aircral"t  rcqu.j.res less 
thsn half the sh.ield thickn.ess required by the ?mined. Ii"rie p i l o t l ~ s s  air- 
Fraft apparently needs rou(i;iily half of the sh ie ld  th:i.ckness required by 
-the rnxnrled, for the protect ion of the atomic bomb ami -the long-range 
guidance equipment, 

Most or the i l l u s t r a t i v e  e x m 2 l e s  i n  this chapter &re based on ;i 
. >  >* 





of the reactor required t o  remove the beat. 
of 100 pounds has been selected,for most of the cases treated i n  this 
chaster. 
l i z i n g  a graph of the type of Figure VII-0 on w h i c h  i s  plotted the d i m -  
ter  of the reactor versus the free-flow ra t io .  I n  Chapter I V  1% was 
shown t ha t  the reactor diameter increases y i th  increasing fi-ee-flow 
ratio when the moderating material a d  uranium dnves$ment w e  fixed, i n  
a manner indicated by Curve I of Figure VII-0. 
f l o w r a t i o  was fo r  i l l u s t r a t ive  purposes fixed a t  0.4, and the diameter 
of the reactor was determined by heat transfer requirements, regardLess 
of t h e  uranium investment. 
aquase-cylinder reactor can be met by other combimtlons of reactor d i m -  
t e r ,  D, and free-flow ra t io ,  FFR, ( a l l  other things excepti-ag fuel. in- 
vestment and tube diameter remaining unchanged) according t o  the relat ion 

A nodnal  uranium investment 

The necessary balmce can be provided for  each design by u t i -  

In Cha2ter 111 the free- 

However, the heat transfer requirements for  a 

D2 (FFR) = Constant 

as i l lus t ra ted  by Curve 2 of Figure VII-0. Where the line dictated by 
heat transfer requirements crosses the l i ne  corresponding t o  the chosen 
uraniurn investment and chosen mderator, the diameter and free-flow ra t io  
satisf'y both heat transfer and nuclear requirements. (Point A on the chart) 

m WSFm WIT% 
'Wrra SPECIFIED MODERATOR FIXED PRESSURE DROP 

14NI) TENPERAmES 

1 
I I I I I I 
0.1 0.2 0.3 0.4 Q. 5 

Free-Flow Ratio 
FIGURE V I I - 0  
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VIE -8 

cycle a i r  turbojet  example$ 
be mare satfsfactory at temperatures wplZ above 1800W even though it 
i s  not en t i re ly  sa t i s fa .c tory  around 18@QoZ.  
it weye shorn that besyllin developed s u f f i c i e n l  creep at 2500°F Lo 
absorb tlieml s t resses-  
suffiefcntly t o  withstand therm1 st~-es:ses., H a m ,  s t ruc tura l  metals 
must be used for support. 

Howcvcr, it 1s possible that beryll ia w i l l  

Thjs would be the case i f  

A t  1 8 0 0 ~ ~  bcl-yllia de f in i t e ly  does not  creep 

E f f e c t  of TarPation of' S ' n i d d  Sppciflc Grsvity - P i g w e  TIT-8 - 
The c u m e : ~  for shield s p ~ c i f " i c  gravity are a l s o  exceptlonab In 

that the lower c u ~ v e s  rcpl-zsent be t tc r  perfoi-ludnce. 
f ac t  tha t  the  protect ing power of" a shield depends upon +,IA~ product of 
shield thickness and s p t ~ c i f i c  grm-ity so that a thickne5s of 2-4 feet  
of specific g r w i t y  10, or a thisknw:; o f  1.6 f ~ c t  o f  s p e c i f i c  gravi ty  
15 i s  equjvalent fu r ad t~ , tLor~  protect ion to  4.0 Yeet thickness of 
specific gravi ty  6, the standard caw. 
on the graphs, points which reprc?Fnt shielding eqiiivalent t o  4.0 f ee t  
of specific g m v i t y  6 are piit on thc i,wo 1 0 ~ 2 -  ~"UPES. 

This i s  duc t o  the 

To shov thfs relationship bet ter  

The curves show that shield qpecffic grav i ty  weray stl-ongly affects 
the gxoss m i g h t  of the ais< raf t .  Voi- t rx~~mple,  8 maruzed plane, with. a 
shield of" spwTWic gr  ,rity QP 6 and a r;liickrzes; 0% 4 feet, veighs  mor^" 

Ghan 1,000,000 p?ozm=c, With a s h i e l d .  specif ic  g rav i ty  0-f" 10 and B, 

thicknest- I r' 2 .4  fees,  the, wmr,ed planc weighs 750,OOO pounds, and w i t h  
a shield L;p.xclPlc gravity of L ^  and a thickness of 1-6 feet ,  the mhtnned 
plane weig~~s 550,000 poutids 

A .-;hieid specif ic  g r a v f i y  of 6 was chosen f o r  the s-t~ndard air- 

A shield- specific glpavity of" 10 mlght be femible  w i t h  
c r a f t  becaxoc i t  could he attained x i t h  only a sma l l  amimt of develop- 
ment &fork. 
considerable development- A shield specffac gravit,y OT 15 is probably 
close t o  rn u-pper limit because it approaches that of the heaviest pure 
mter la ls  kuown, most of which BPC? extreniely scaz*c;) In  nature. 
cirves, however, eniphasizc the c i e 2 s l m b i  1.ity 0% a pmgsm a i m e d  a t  de- 
veloping shfelds of high spec i f ic  graw1t.y. 

The 





VII-IO 

Effect of Turbine I n l e t  Temperature a t  Lower Maximum Reactor Wall 
Temperatenre (l83OoF) - P i w e  V I I - l 2  

This graph has been included because a drop i n  the ~naxpprUm reactor 
wall tesperature from 2500°F t o  the region of 1800OF w i l l  open up +w 
poss ib i l i t fes  i n  r e c t o r  materials-  With t h i s  lower maximum reactor wall 
temperature, it is c lea r  tha t  improvement of turbine blades from the 
ppesgnt maximm temperature levels around 15009 t o  a temperature of 
about 1650% would be desirable.  If the reactor wall temperature i s  
fixed at 18009, fur ther  impraveaent i n  temperature performance of the 
turbine blades would not greatli; Fmprove the overal l  performance of the 
a i r c r a f t  e 

The perfomnee of the open-cycle air  turbojet  is  very poor with 
t h i s  maximan reactor w a l l  temperature of 18300~. 
fob - foo t  shfeld would be quite impracticable. 
with a shield thickness of" 2 feet would weigh between 300,000 and 

A manned plane with 8, 

A p i lo t l e s s  a i r c r a f t  

400,ooQ pounds. 

Effect of Variation i n  Altitude - Figure VII-13 

The performance o f  the open-cycle a i r  turbojet  is  extrenxely sensit ive 
t o  the choice of operating a l t i tude  as i s  shown by a coqa r i son  of the 
curve3 f o r  3O,OOO, 40,000, and 50,000 f ee t .  
a i r c r a f t  w i t h  a shield of 2 f e e t  thickness a t  3O,OOO f t .  weighs 275,000 
pounds; a t  40,000 f e e t  it weighs 350,000 pounds, whereas a t  50,000 f ee t  
it weighs 950,000 pounds. 

For example, a p i lo t l e s s  

Variation of Compressor Pressure Ratio - Fimre VII-14 

For 8 nuclear-powered turbojet  it i s  desirable t o  employ compressor 
pressme ra t io s  greater than those f o r  a chemically fueled turbojet  
because high pressure r a t io s  increase the a i r  density i n  the reactor and 
slso make the cycle less sensit ive t o  large pressure drops i n  the reactor; 
both these effects  are  i n  the direction oP reducing the s ize  of the 
reactor. The curves indicate, however, t ha t  the pressure r a t i o  does not 
have a c r i t i c a l  e f fec t  over a f a i r l y  wide range of values, say froan 
20 t o  60. 

A compressor pressure r a t i o  of 40 has never been achieved i n  practice 
and will require considerable development t o  achieve it i n  a reasonable 
t w e .  But since this design parameter can be f reely chosen by the de- 
signer, a value lowex- than the optimum, say perhaps 20, would probably 
be used i n  order t o  siql l i fy  some of the compressor and intercooler 
development problems. As i s  shown by the curves, such a choice would 
not be seriously detrimental t o  the overall  performance. 

Effect of VaPhtion of Reactor Pressure Drop - F s e  VII-15 

The curves which a re  plot ted fsr .pressure dr&s of 20$, 30$, and 
of the t o t a l  pressme a t  the entrance of the reactor show that the 

ults are insensit ive t o  this design fac tor  as long as it is i n  the 
4 k 

'. 
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to a variation i n  bismuth pua~ping p o w e r  of froxn I t o  14% 

p a w e r .  
f o r  the stmdard case. "his design chararterist ic can also be Gelected 
by the d e s i  &tier e 

of the thrust 
A value s f  35% is close to the optimum so this has been chosen 

The bismuth twbsrje!. is z o n s l d c ~ a b l y  less sensitive than the Qpen- 
cycle tzirboQe?, t o  change in design a?t,i-tucks 8s is shown by camparison 
o f  this f"f&g~rr with Figure T S % I - 1 3 3  ?Tiis i s  due t o  the fact that the air 
does not pa-s thmugh thp reactor of the bismuth turbojet, Ee~ce, as the 
design alLi-t.u?e i s  incrvased it j s  m t  necessary to increase the reactor 
s h e ,  a.l.though ft fs s t i l l  neeeshary t o  increase the! s i z e  of the air 

d hectt exchanger Even so there i s  still rked effect of 

et entails an increase in gross wetgat o f  tine manned air- 
ade 017 the aircraft p e . r f o m c e ,  since 8b c e f ~ r m  30,000 

craft from 525,QOO pmnds to 950,000 

As pointed out earlier, the! tug-tow combination requires FA shield 





perfomnce  o f  the open-cycle a i r  turbojet (Figure VII-9) allply here. 
For the standard helium compressor-jet, an. addition of a reflector of 
8 inches thickness resul ts  in an increase i n  the gross weight of a 
manned plane f m m  650,000 pounds to 1,000,000 pounds. 

Effect of Variation or" Pressure o f  He1iumEnterin.g the Reactor - 
F i ~ r e  n1C-36 

!The overtall performance of the a i rc raf t  i s  markedly improved by an 
For example, a manned increaee in the pressure af he%fuTn i n  the cycle. 

plane weighs comMelpably in excess of l,QOO,OOO pounds if helium is 
used at 250 pounds per square inch, whereas a t  2000 pounds per square 
inch the m m m ? % ,  p l a e  weighs only 575,000 pounds. 
due LO thp fact that the Increase In helfum pressme permits a reduction 
in the reactor s i ze  w i t h  a consequent reduction i n  shield weight. 
1000 pounds per square inch has been chosen for the standard a i r c ra f t .  

Thls improvement i s  

Effect of V8r:tation of Maximum Reactor Wall Temperature - Figure VII-37 

The curves show that the overall performance of the aircraf t  i s  not 
greatly affected by a variation of maximum reactor wall temperature over 
a range from 1600°F t o  2OOOoF f o r  the fixed turbine in l e t  t eqe ra tu re  
o f  1540°$1. 

Effect 0% Variation of Turbine Inlet Tenrpemtur~3 - I ? ? "  VU-38 

The curies show tha t  the overall performance of the a i rc raf t  is  not 
greatly a f f e c t e d  by a vartation of turbine i n l e t  temperature from 1340°F 
t o  1800°P when the reactor wall temperature i s  limited t o  183OOF. There 
is evidently an optinrum turbine i n l e t  temperature which is  not far from 
the 154QQF ~ W c h  has been chosen as the standard case. 
t b t  this texperrtture if; almost attainable i n  practice using present day 

It i s  to  be noted 

tech.rulqiues, 

Effect QT Variation of Altitude - Figure VII-39 

The remarks concerning the effect ot design a l t i tude  on the per- 
fommnce of the bismth turbojet apply-equally w e l l  here. 
helfm gas-twbine comcrpressor-Jet 8 change from 30,000 feet tQ 50,OOo 
feet mans an Increase i n  manned aircraf t  w e i g h t  from 675,000 pounds t o  
considerably mre than 1,000,000 pounds. 

For the 

These curves shov that t h e  effects af al t i tude variation on the 
overall per fomnee  are similar t o  those described in  the previous case. 
A comparison of these curves w i t h  the curves of Figure VII-39 shows that 
an increase i n  tqhe maxilnum w a l l .  temperature from the standard case of 
1830aF t o  250Q*F resfitas i n  a reduction of aircraft  gross weight o f  only 
about, 75,000 pounds 
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Defifgn Number 16 17 18 19 
Type of Plane Tug-Tow . %-TOW ~ u g - ~ a w  m e a  
Type of Power Plant $3 TJ Bl TJ Bi TJ .He CJ 
Gross Wt,, lb. 120,000 260,800 150,000 660,000 
Altitbude, P t ,  30,000 50, oow 30,000' 30,OOO 
Wing Area, sq. Pt. 2,100 7 200 2,600 11,400 
Shield mielmesa, ft: 2 2 e 4 
Shie ld  Gp. Gravity . 6  6 . 6  6 
Moderat.ar Be Be Be Be 
u ~ t ~ ~ i m  235, ib; 100 100 100 100 
Rf?aetor Core L", Ft, 1.81 1.90 1.97 2.74 
Reactor Core ,Ilia,, ft. 1.81 1,90 1.97. 2.74 

0 e 118 0, a48 0- 29 Frti.eJ?low Ra t io  0 e 081 
0.26 0.26 0.22 . JI.1'77 

910 1,71.0 . 9,650 
M a x ,  R .  Wall Temp,, 9. . 1840 560 1040 1370sc 1832 

96 , 600 302,000 
R. + Shield L., ft. 6.17 6.28 6.37 n.29 

Total Thrust ,  lb. . 13,006 22,300 LS,ooQ 44,000 
Total. A i r  Flow, lbe /set, 315 540 . 611 1,670 
Air Camp. F. Area, sq. ft. 30 117 54 161 
Air Compo Press. Ratio 6 6 6 1.99 
Air Campo Intercool &I" No NO Na .No 
A i r  Compo E f f i e .  83.5 83.5 83.5 85 ' 

87 C I I I I I I l  Air Twblae: E f f i c . ,  87 87 
Jet PToztle E f f i e .  ' $I 90 90 90 92 
AIP R a d .  F. Area, sq .  f t .  . 23 89 37 . 310 

0.125 0.125 0.125 0.125 A i r  Rad, Tube D i s , ,  in. 
Air Rad, Tube Lo, f t  e 1.62 1.62 1- 22 2.47 
Rumber Rad. Tubes 135,bOO 520,000 220,000 1,820,000 
Bi Flow Rate, lb./sec. 4,780,' 7,460 10,800 ------- 

250  low Rake, ~.b./sec,  *- .. _. - 9 **-..I - 
333 He Press. conap, In., -psi "..._IP_* --*,.--_ - -* - 

--_---I 1,000 He Press. Gomp. Ex., psi. --*---_ _P."---- 

-*.SA---- 1540 He Turbine Temp., OF .------* -**--+- 

* 88 Tfe Turbine Effic, , $ -----..- ..__.e-*- 

85 
Ut- Payload, lb, 0 0 '  o 11,150 
W&. AIrfrme, 7_bo . 42,000 94,000 49,000 169,000 
Wt. Power Plmt, 1b. 27,200 104,000 44,600 100,OOO 
Wt, Reactor - &ha, 1%. 51,000 62,000 56,400 380,Q00 
Mach Number 
Towed Plane Gross Weight . 40,000 Ib, for all cases 
Drag of Towed Plane and Cable 5,000 lb. for all cases 

R e  Heat Output, k ~ ,  91,100 1.43,000 

R + ,$hleld D i a . ,  ft. 5.81 5.90 5.97 10 74 

A i r  T-upbine Temp:,kop 1506 1500 1l.00 - - + . 1 1 - * * 0  

..LLI-....O 

*-e--..- 

k Re? Camp. E f f i e , ,  $ - - I - -6.*  ***-sa* *---e*.. 

0.9 for all CBBCS 

X m -  Gross w t .  > 1,000,000 lb. A i r  TJ -- Open-cycle turbojet 
Be -- Beryllfa B i  TJ -- Bismuth turbojet 
C -- Graphite He CJ 0-  Helium compresscrr-jet 
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'Lfe CJ 
150,OOO 
3Q,OOO 
2,608 

2 
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100 
2.15 
2.15 
0 (I a68 
0.1.57 
4,540 
1832 

103 9 000 
6.5% 
6.15; 

15,QoQ 
570 

55 
1.99 

85 

92 
1.04 

0 a 125 
2.47 

86 
333 

1,000 
1540 
88 
85 
0 

4 9 , m  
36,000 

Be 

No 

-0 - - m-. - 
*-*--I* 

610,000 
e-..,- ."-_ 

.b. A i r  TJ a- Open-cycle turbojet 
Bi TJ -- Bjlslnuth turbojet 
lie CJ -- Helium ccmpressor-jet 
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IN MANNED 

FIGURE m-I 

Zt  RPLANES 

AIRPLANE GROSS WT. (1000 LBS) 

______._ 



FIGURES TlI-3,  YU-4, lzIl-5 
VARIATION OF FLYABLE SHIELD THICKNESS WITH AIRCRAFT 

GROSS WEIGHT FOR MANNED AND TUG - TOW AIRPLANES 
WITH STANDARD POWER PLANTS 
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FIGURE TZTI-3 COMPARISON OF MANNED 
PLANE WITH TUG-TOW FOR OPENCYCLE 
TURBOJET 

E 5  

fs 
$ 4  

2 3  

Y 

# 

0 
I 
t- 

w 
w 2  
m 

I 
v) 

-I 

2 
-1 

1000 
L L . 1  

0 500 
AIRPLANE (TUG) GROSS WT (IOOOLBS.) 

FIGURE XE- 4 COMPARISON OF 
MANNED PLANE WITH TUG-TOW 
FOR BISMUTH TURBOJET 
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FIGURE p1I-5 COMPARISON OF 
MANNED PLANE WITH TUG-TOW 
FOR HELIUM COMPRESSOR JET 
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FIGURES Pil-lO,YII- I I, gnC-I2 I-- OPEN CYCLE AIR TURBOJET -~ 

VARIATION OF FLYABLE SHIELD THICKNESS WITH AIRCRAFT 
GROSS WEIGHT FOR VARIOUS OPERATING CONDITIONS 

._ 

1- _______ L- _.._.- 

DES I G N CON0 IT I ON S- 
0.9 
6 

'LIGHT MAGH NUMBER: 
iHlELD SPECIFIC GRAVITY: . -  

13 .IFT-DRAG RATIO: 
4LTITUDE 30,000 FT. 
tEAGTOR PRESSURE DROP: 30 Yo 
;OMPRESSOR PRESSURE RATIO: 40 

j Q T =  87;  

100 LBS. 
dODERATOR GRAPHITE 
SINGLE-PASS, SQUARE CYLINDER REACTOR 

WITH HEADERS 

._... ...... 

UANNED PLANE 

I.._. _-. 

AIRPLANE GROSS WT. (1000LBS.) 
FIGURE PII- IO EFFECT OF 
MAX. REACTOR WALL TEMP 

AIRPLANE GROSS WT. (1000 LBS.) 
FIGURE =--I I EFFECT OF 
TURBINE INLET TEMP. 
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00 
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AIRPLANE GROSS WT. (1000 LBS.) 
FIGURE m- I2  EFFEGTOF 
TURBINE INLET TEMP. 



VARIATION OF WITH AIRGRAFT 
G DfYION I 

DESIGN CONDITIONS 
I NTER COO LE 
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OPEN CYCLE AIR TURBOJET 

GROSS WEIGHT FOR VARIOUS OPERATING CONDITIONS 
VARIATION OF FLYABLE SHIELD THICKNESS W I I H  AIRCRAFT 

DESIGN CONDITIOKS 
FLIGHT MACH NUMBER: 0.9 
SHIELD SPECIFIC GRAVITY: 6 
ALTITUDE : 30,000 FT 
REACTOR ;.RESSURE DROP: 30% 
COMPRESSuR PRESSURE RATIO: 40 
EFFICIENCIES: Q O = 9 0 ;  \ c i 8 2 ; \ T = 8 7 j  

QN = 90 
URANIUM INVESTMENT: io0 Las. 
MODERATOR GRAPHITE 
SINGLE PASS, SQUARE CYLINDER REACTOR 

WITH HEADERS 
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FIGUREPIT-17 EFFECT OF 
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FIGURE YE-I9 COMPARISON 
OF MANNED PLANE WITH 
TUG -TOW ._.._.__..l.i 

SCHEMATIC DIAGRAM OF POWER PLANT 
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FIGURE m-18 COMPARISON 
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.-- IONS 
FLIGHT MACH 0 9  
LIFT-DRAG RATiO 15 

30,000 FT 
184.6 "F 
1500 O F  

SINGLE-PASS, S fNDER REACTOR 

MANNED PLANE 

-- 

Tm-21 E F F  

3CHEMAT IC DiA 

URANiUM INVESTMENT 
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FIGURES EL-25,TU-26,-Sm27, XU-28 

BISMUTH TURBOJET 

GROSS _- WEIGHT FOR VARIO 

- DESIGN CONDITIONS 
FLIGHTMACH NUMBER: 0.9 
LIFT- DRAG RATIO: 15 
ALTITUDE 30,000 FT. 
EFFICIENCIES: r\, =90;Qc = 83.5 jQT = 37; 

QN =go; 
M 0 0 ERATO R 
URANIUM INVESTMENT 100 LBS. 
SHlEUl SPECIFIC GRAVITY 6 
NO REFLECTOR 
SINGLE-PASS, SQUARE CYLINDER REACTOR 

MANNED PLANE 

BE RY LL I A 

WITH HEADERS 

P 
LL , I  3% THRUST POWER1 

1000 0 500 
AIRPLANE GROSS WT. (IOOOLBS.) 

FIGURE PII-25 EFFECT OF 
COMPRESSOR PRESSURE RATIO 
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AIRPLANE GROSS WT. (1OOOLBS.) 
FIGURE YJI-27 EFFECT OF 
BISMUTH TEMPERATURE 

S OPERATING CONDITIONS l_...___..-.l 

;CHEMATIC DIAGRAM OF POWER PLANT 
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FIGURE PII-26 EFFECT OF 
BISMUTH PUMPING POWER 
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FIGURE YU-28 EFFECT OF 
TURBINE INLET TEMPERATURE 
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VARIATION 0 

.. 

DESIGN CONDITIONS 
FLIGHT MACH NUMBER: 0.9 

15 
SURE RATIO: 6 
- 9 0 ~ ~ ~  = 8 3 . 5 , r ( T - w j  nZN * 9 0  

MODERATOR. BERY LLIA 
io0 l35 

Y: 6 

LlNOER REACTOR 

SCHEMATIC OIA R PLAN1 

CDMPRESSOR 

I 

AIRPLANE GROSS WT. ( ~ O Q Q L B S )  
FtGURE YI l -29 EFFECT OF ALTRUDE 

3 

I_ 



FIGURES-SIT-32 Ppp-33 m--34 m - 3 5  
H ELI UM GAS-TURBINE COMPRESSOR -JET 

VARIATION OF FLYABLE SHIELD THICKNESS WITH AIRCRAFT 
GROSS WEIGHT FOR VARIOUS OPERATING CONDITIONS 

DESIGN CONDlT IONS 
FLIGHT MACH NUMBER: 0.9 
ALT IT U DE : 30,000 FT. 
MAX. REACTOR WALL TEMP.: I832 OF 
TURBINE INLET TEMP.: 1540 F 
HELIUM PRESSURE IN REACTOR: 1000 PSlA 
E F F I G I ENC I E S : \D = 9 0 ; Qc R) = 85 j Qc (HE)' 8 5 

b.92 
LIFT-DRAG RATIO: 15 
SINGLE-PASS, SQUARE CYLINDER REACTOR 

MANNED PLANE 
W IT H HEADERS 

AIRPLANE GROSS wr. (IOOOLBS.) 

FIGURE XIL- 32 EFFECT OF 
MODERATOR 

AIRPLANE GROSS wr. (1000 LBS.) 

FIGURE TLII-34 EFFECT OF 
SHIELD SPECIFIC GRAVITY 

3Cl-IEMATIC DIAGRAM OF POWER PLAN1 
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..... 

..... 

0 500 1000 
AIRPLANE GROSS WT. (IOOOLBS.) 

FIGURE ILU- 33 EFFECT OF 
URANIUM INVESTMENT 

500 1000 
AIRPLANE GROSS WT. (IOOOLBS.) 

FIGUREXIC-35 EFFECT OF 
REFLECTOR 



VARIATtON OF 

i 
DES t GN CONDITIONS 

FLiGHT MACH NUMBER: 0.9 
SHIELD SPECIFIC GRAVITY: 6 
A t 1  R U D E :  30,000 FT. 

LIFT-DRAG RATIO: 15 
URANlUM INVESTMENT: I00 LBS. 

I A  
REACTOR 

MANNED PLANE 

5. ) 

U R E  IN REACTOR 



FIGURES YE-3 9, D-40 ,  XlI-4 I, lTl-42 
HELIUM GAS TURBINE COMPRESSOR JET 

VARIATION OF FLYABLE SHIELD THICKNESS WITH AIRCRAFT 
GROSS WEIGHT FOR VARIO 

DESIGN CONDITIONS 
FLIGHT MACH NO.: 0.9 
SHIELD SPECIFIC GRAVITY: 6 
HELIUM PRESSURE IN REACTOR: 
EFFICIENCIES: 

1000 P S l A  
= 90 j )^(ChIR) ~ 8 5 ;  '~\C(HE)' 8 5 ; q ~  '8837~ = 92 

LIFT- DRAG RATIO: 15 
URANIUM INVESTMENT: 100 LBS 
MODERATOR : BERY LL lA 
SINGLE- PASS, SQUARE CY LlNDER REACTOR 

WITH HEADERS 

'- AIRPLANE GROSS WT (IOOOLBS.) 

FIGURE-XU- 39 EFFECT OFALTlTUDf 
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