AEROJET-GENERAL CORPORATION
SACRAMENTO, CALIFORNIA
NUCLEAR ROCKET OFERATIONS

19 July 1968
Ti50:0340: LAS: 82 ]
To: B. Mandell
From: L. A. Shurley
Subject: Alternate Nozzle Design Concepts

Distribution: J.J. Beerebcon, I. L. Odgers

Enclosure: (1) Figures 1 thru 12 (Addressee Only)

Per your request, the following summery has been prepzred of comsiderza-
tions given to the subject, and reflects the current position of this orgeriza-
tion on the matter.

Three ( 3) basic nozzle corfigurztions were considered for the purpose
on reduction of nutron scztter. The principel mechenism of such reduction
is reduction of tre asserblies lergih. For conceptuzl statements pleese refer
to appropriate pzges of reprocductions of meterial presented to the SNPO-C om
May 2k, 1968, a cory of which wes provided to you.

One concept considered was = plug nozzle (isentropic spike), Figure (1).
This configuration offers 2 maximun possiblity of length reduction, however,
the erez ratio is limited o 1h:1l if the rozzie assertly envelope disreter vere
restricted to the existing pressure vessel dismeter. The restriction could
result in performaznce loss of arproximately 4O seconds Isp compered with the
T0:1 area ratio configuration.

Figure (2), depicis an approximete geometry of a 25:1 aree ratio ping
nozzle, essuming that the duct diameter rather thazn the Pressure Vessel diesmeter
would te the limiting design parzmeter. This area ratic reduction represents
approximetely 20 seconds loss of performance. To what extent the increase in
diesmeter of the asseztly offsets the berefits derived from reduction of lengths,
as far as radiation dose to the crew compartment is concerned has not been
assessed. The plug nozzle was dropped from further consideration primarily
because of the perforzznce loss, plus severe heating problems and design problems
in supporting and cooling cf the plug. For effects of the equivalent throat
diameter on heat transfer aspects, please consult Figures (11) and (12).

The second corcept, Figure (L), multi-nozzles, which achieves reduced
length through use of meny smell nozzles, representis minimum reduction of
length cocppared with the other two considered.
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This minim=] shoertening led us to belleve that suflicent reduction
or rediation scetter is not availsble to campenszte for the incresse design
caomplexity and development diffirulties expected with this arproach. This
concept, therefore, vwes also dropped from further consideration.

The forced de’lection, Tigure (6), otherwise known es expansion-
deflectior nozzle, (the third concept) offers the most promising slternste
approech. It reduces the overzll nczzle length by zprroximately TO inches or
about 40<' of the conventionzl bell, with rone or minimel loss of performance at
equivalent erea ratio.

The weight of this asserbly was estimeted to be sppraximately 200 lhs.
less tharn tre conventionel) Rzo confi urstion.

Cooling and supporting the center pluwg does represent a difficult design
task. Tre externel shell, however, lends itself to cooling by conventionzal
forced convection methods. The most irmportant of all aspects wculd be + -
dissinileri.ies {ground vs. flight models) and resultirg effects on g . test
assemblies operation.

Duct limitetions would dictate significant deviesticns from the flight
caafiguretion. Should there be no dissirmilarities, acquisition of a suitable
test facility inclusive of strezr gererstion system, would represernt 2 consider-
able mcnetery investment.

* A mpost profitatle enc przctical =2pproach to elimination of problems
associated with =z petellic skirt extensicn is development ~f this subassembly
constructed fram a nonmetallic meterizal,

Our investigztior indicztes thet grsphitized carton lemineties or
filamernts show most premise. This epprcech would solve the protlem on hand,
without gererzating reguirezents for new or different test facility and is
competible with e.ther hct bleed or & topping engine cycle.

It is, therefore, our recorrend=tion that the altermate nozzle config-
uration be rercved or, 2zt lesst, suspended from further considerations. Unless
othervise directed, no further effort will be mede in this direction.

L. A, Sh\urley, Ma\nager

Thrust Chamber Section
Engineering Depertment
Wuclear Rocket Operztions

Approved:

IR s Attt

I. L. Odgers, Manager
Engineering Department
Ruclear Rocket Operstions
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