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Fnclosure: (1) FigLFeS 1 thru I 2  (plddressee m y )  

Per your rea:.st, the follovfng sumsay has been p m  of cansiderz- 
tiars given to the subject, urd re-Elects me current posLtion of ttis orw-fza- 
tion on the Epp-tter. 

Three (3) basic nozzle configuret5ons were cans€dered for &e 
an reductlon of nutrori scetter. 
is reduction of the zSsm512es leri@. 
to appropriate pqes of resr&wtfons of miterid p-esetted *to a e  sFIH)-C ~1 

One come?: cons5deM vas E plug nozzle (isentropic spfke), 

%e principel Oecknisn of such reductio= 
For c0nceptu.d s t a ' e n t s  pleese refer 

* M y  24, i@, t cosy or' U M C ~   ye^ provide5 to you. 

(1). 
This  confiymtion offers P 
the E~PP mtio is l=+d *a 14:l ff the nozzle essp-hly envelope d-ter uere 
restric'd to the existLr4 pressure vessel dimeter. 
result in  p e r f o m c e  loss of a~~prakta'aly 40 seconds Isp ccapamd vith the 
7O:l ama ratio configuration. 

possiblity of l e q t b  reduction, harever, 

The restrictkm cadd 

Figure (21 Cepicts en appraximete geotnewj of a 25:l area ratio p17lq 
nozzle, essmfng that the duct di-ter rather th&n the Pressurp Vessel diaaeter 
-J&d ke the l M t i n g  &sign parmeter. 
8.pproxtmtel.j 20 secmxls 1-s of perfo-zmxe. 
diameter of the 2ssP"'Lly offse'd *&e benefits derfved from reduction of lengths, 
as far as mdia+,iol? dose t o  the crew compertnent is concerned has I;ot been 
assessed. 
because of the p e r f o m c e  loss, plus severe heating problems &ad design p r d b h  
i n  supporting znd =ool iq  cf the plug. 
diameter on heat transfer q e c t s ,  please consult Figures (11) arid (12). 

'ibis area mtio reduction represents 
To e t  extent tbe increase in 

The p l - i  nozzle rn d q p e d  from fhrther consideration primarily 

For effects of the equivaent thmat 

Ihe second concept, Figure (k), ati-nozzles,  which achieves reduced 
length through use of m y  smll nozzles, represents minimum reduction of 
length conpared siiith the other two consfdered. 

i 



- 2 -  

'Ibi8 m i n l n z l  shcrtening led us to belie\-e that sufiicent reduction 
or rodlation scetter is not availrtble to caqenszte for the increase desi- 
- l a i t y  and developtent difCimlties expected vfth this aproach. mis 
amccpt, therefore, yes also dmppeC irap *ther consideration. 

'Iht fumed deflection, Figure (6kothexu5se knom es expansion- 
deilccticm nozzle, (.the tbid cmcept) 0;'rex-s the nost prolriring elternits 
approach. 
&art hO$ of the convcntiooal bell, vith Lone or minlnzl loss of perf~neance at 
equivaltnt &rea rtitlo. 

It reduces t&e ovenll  r.czzle length by appmxbztely 70 inches or 

Cooling end mqporting the center plug does represent a difficult  design 
task. l%e exterr?al skl l ,  havet-er, lezds itself t o  csooling by conventional 
iorred ctm-ect2ca met3Ods. 
diss--~ca [gruarii =. n i g h t  deb) and r e su l t i ng  effects on 
d l i e s  cpratfon. 

The mst iL_cori;art of ell espcts vculd be +- . 

- t e s t  

Ikct llimltetions vould U c t a t e  sig?&?icant deviaticrts the flight 
-ffgum=ticn. Sudd the= 5e to dZssMlaritfes, acquisittoc of a suitable 
mt faclli- IncPixsf-ce o? stre= -!xmtion systez, v d d  represezt a consiser- 
able mme- Investzect. 

A mst profiteble e& przcticel agmech +to elinination OD probleEs 
associated w i t h  8 ne*&ic skir t  ex*ensicn is development -f this Subasseribl:~ 
camtructd ??ran a not?netallfc meteriel. 

It is, therefore, OUT reco==e2detion that the al+arzte nozzle config- 
uration be m r &  or, zt l e s t ,  suspxiied from m e r  considerztions. Unless 
othervise directed, no M - e r  effor t  w i l l  be d e  fn  this direction. 

I 

lhrust Cha,uiber Section 
Engineering Depertarent 
Wuclear Rocket Operztions 

Approved: 

4 /@e- 
I. L. w e r s ,  iknager 
Engineeriw mrtment 
Nuclear Rocket Operat ions 
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