UNCLASSIFIED

AD NUMBER

AD387058

CLASSIFICATION CHANGES

TO: unclassified

FROM: confidential
LIMITATION CHANGES

TO:

Approved for public release, distribution
unlimited

FROM:

Distribution authorized to U.S. Gov't.
agencies and their contractors;
Administrative/Operational Use; JAN 1968.
Other requests shall be referred to Air
Force Rocket Propulsion Lab., Edwards AFB,
CA.

AUTHORITY

31 Jan 1980, DoDD 5200.10; AFRPL 1ltr, 5
Feb 1986

THIS PAGE IS UNCLASSIFIED




\D 357258

& *‘:HOR!TYﬁFiP&

/ e Lj;k/f:c.'ﬁé . jg_é;




‘15 REFGRT HAS BEEN DELIMITED
ANL CLEARED FG2 PUBLIC RELEBASE
~‘DER pOD DIRECTivE 5200,20 ARD
' RESTRICTIONS ARE IHPOSED UPON |
'TS USE AND DISCLOSURE,

MSTRIBUTION STATEMENT A ;

APPROVED FOR PUBLIC RELEASE; |
LISTRIBUTION UNLIMITED, 1



SECURITY
MARKING

The classified or limited status of this report applies
to cach page, unless eotherwise marked.
Separate page printouts MUST be marked accerdingly.

THIS DOCUMENT CONTAINS INFORMATION AFFECTING THE NATIONAL DEFENSE OF
THE UNITED STATES WITHIN THE MEANING OF THE ESPIONAGE LAWS, TITLE 18,
U.S.C., SECTIONS 793 AND 794. THE TRANSMISSION OR THE REVELATION OF

{Xﬁ CONTENTS IN ANY MANNER TO AN UNAUTHORIZED PERSON IS PROHIBITED BY

NOTICE: When go 2rnment or other drawings, specifications or other
data are used for any purpose other than in connection with a defi-
nitely related government procurement operation, the U. S. Government
thereby incurs no responsibility, nor any obligation whatsoever; and
the fact that the Government may have formulated, furnished, or in-any
way supplied the said drawings, specifications, or other data is not
to be regarded by implication or otherwise as in any manner- licensing
the holder or any other person or corporation, or conveying any rights
or permission to manufacture, use or sell any patented invention that
may in any way be related thereto.




AFRPL~TR~68~2
Part 2

CONFOENTA |
;

@ (TITLE UNCLASSIFIED)
, THROTTLING AND SCALING STUDY ")
- FOR

ADVANCED STORABLE ENGINE
Report 68~C~0008-F

Part 2 of Two Parts
APPENDIX =
ARES SIZE SCALING DATA

S. R, Andrus
H. L. Bishop

v o)
)
-
Q_\
¢'0) J. A. Gibb
(A
~
<X

A. W, Nelson

AEROJET-GENERAL CORPORATION
ADVANCED STORABLE ENGINE PROGRAM DIVISION
LIQUID ROCKET OPERATIONS
SACRAMENTO, CALIFORNIA

FINAL REPORT AFRPL~-TR-68-2, PART 2
January 1968

SPECIAL HANDLING REQUIRED

In addition to security requirements which must be met, this document
is subject to special export controls, and each transmittal to foreign
governments or foreign nationals may be made only with prior approval
of AFRPL (RPPR/STINFO) Edwards, California 93523.

AIR FORCE ROCKET PROPULSION LABORATORY
RESEARCH AND TECHNOLOGY DIVISION
AIR FORCE SYSTEMS COMMAND
UNITED STATES AIR FORCE
EDWARDS, CALIFORNIA

GROUP 4
DOWNGRADED AT 3 VEAR INTERVALS;  DECLASSIFIED #FTER 12 YEARS

‘THIS DOCUMENT CONTAINS INFORMATION AFFECTING THE NATIONAL (:FENSE OF THE UNITED STATES
WITHIN THE MEANING OF THE ESMONAGE LAWS, TITLE 18, US.C, SECTIONS 793 AND 794 TS TRANSMISSION
OR THE REVELATION OF ITS CONTENTS IN ANY MANNER TO AN UNAUTHORIZED PERSON 1S PROHIBITED BY uw.?

AEROJET-GENERAL CORPORATION

A SUBSIDIARY OF THE GENERAL TIRE &4 RUBBER COMPANY

CONFIDENTIAL




e R e T

LEGAL NOTICE

related thereto."

CONFIDENTIAL

CONFIDENTIAL

ait AR

(This Page is Unclassified)

P AERLREE AV IR B S et vk

"When U.S. Government drawings, specifications, or other
data are used for any purpose other than a definitely
related Government procurement operation, the Government
thereby incurs no responsibility nor any obligation
whatsoever, and the fact that the Government may have
formulated, furnished, or in any way supplied the said
drawings, specifications, or other data, is not to be
regarded by implication or otherwise, or in any manner
licensing the holder or any other person or corporation,
or conveying any rights or permission to manufacture, use,
or sell any patented invention that may in any way be




(TITLE UNCLASSIFIED)
THROTTLING AND SCALING STUDY
FOR
ADVANCED STORABLE ENGINE

Report 68-C-0008-F

Part 2 of Two Parts
APPENDIX I
ARES SIZE SCALING DATA

5. R, Andrus
H. L. Bishop
J. A, Gibb

A. W, Nelson

SPECIAL HANDLING REQUIRED

In addition to security requirements which must be met, this document
is subject to special export controls, and each tramsmittal to foreign
governments or foreign nationals may be made only with prior approval
of AFRPL (RPPR/STINFO) Edwards, California 93523.

GROUP 4
DOWNGRADED AT 3 YEAR INTERVALS;  DECLASSIFIED AFTER 12 YEARS

‘TH‘S DOCUMENT CONTAINS INFORMATION AFFECTING THE MATIONAL DEFENSE OF THE UNITED STATES 3224T
WITHIN THE  MEANING OF THE ESMONAGE LAWS, TITLE18, US.C, SECTIONS 793 AND 794 ITS TRANSMISSION
OR THE REVELATION OF ITS CONTENTS IN ANY MANNER TO AN UNAUTHORIZED PERSON 1S PROHIBITED 8Y LAW .

AEROJET-GENERAL GCORPORATION

A SUBSIDIARY OF THE GENERAL TIRE &4 RUBBER COMPANY

CONFIDENTIAL

"

TR o a8 ¥

[ RN RPN S

X b T o AW e PN I




R P o) ?n“”’%‘“’-"',“‘w%“‘"ﬁ;

RN

x4
%
fe
E
;“.
A

st

PRI ;‘ &ﬁ’fﬁ’*im’ g T

11.

I1I.

~

S - - -y
PAGR BLANK.NOT YIDED J
BT e - e

UNCLASSIFIED

Report 68-C-0008-F, Part 2, Appendix I

TABLE OF CONTENTS

Page
Introduction I-1
ARES Engine Description II-1

Scaling Data I11-1

iii

UNCLASSIFIED

s o A e A . AU PSR 0 . R AN e




UNCLASSIFIED

Report 68-C-0008-F, Part 2, Appendix I

FIGURE LIST

ARES Engine 100K, Throttlable

ARES Scaling Design Point Data

Nozzle Area Ratio Effect on Delivered Performance
Throttling Performance of Specific Engines

ARES Dry Weight vs Rated Vacuum Thrust

ARES Wet Weight vs Rated Vacuum Thrust

ARES Envelope Length and Outside Diameter vs Vacuum Thrust
RAO and 80% Bell Nozzle Dimension Ratios

ARES Gimbal Moment vs Vacuum Thrust

ARES Development Cost

ARES Production Cost

iv

UNCLASSIFIED

II-1-A

III-1-A
IX11-2-A
I1I-3-A
I11-4-A
I11-5-A
I1I-6~A
IT1I-7-A
II1I-8-A
TIT-9-4A

I1I-10-A




UNCLASSIFIED

Report 68-C-0008-F, Part 2, Appendix I

1.
INTRODUCTION

) The Advanced Rocket Engine Storable (ARES), described in this appendix,

is a throttlable-restartable advanced rocket engine using storable N204/
AeroZINE 50 propellants.

The engine features high performance and simplicity
in design.

ARES is presently in the process of advanced development testing
at Aerojet-General Corporation under contract to the USAF Rocket Propulsior

Laboratory, Edwards AFB, California (Contract AF 04(611)-10830).
at a fixed thrust of 100K,

Testing is
(v) Parametric performance, size, weight, and cost scaling data for
throttlable and restartable ARES liquid-propellant rcocket engines over a

range of engine sizes with rated thrust values from 25,000 to 500,000 lbf are
presented in this report.

Page I-1
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II.
ARES ENGINE DESCRIPTION

(U) The ARES engine shown in Figure II-1-A consists of a turbopump assembly,
a thrust chamber assembly, fuel and oxidizer suction valves, and boost pumps.
The turbopump assembly includes the main pumps, the turbine, the primary com-
bustor, and two fuel controlvalves, and forms the central structure of the
engine. The turbopump is mounted on top of the thrust chamber, with thrust
being transmitted through the turbopump housing to the gimbal and airframe.

The entire engine is gimbaled from a gimbal assembly which is attached to the
thrust take~out pad of the engine.

40)) The turbine, oxidizer pump, and fuel pump are on a single shaft which

is in line with the engine thrust axis and is supported in the housing by
propellant-lubricated bearings. The single~stage turbine is on the lower end
of the shaft and exhausts directly into the thrust chamber. The single-stage
oxidizer pump is on the center of the shaft, with the two-stage fuel pump on
the top end. Fuel and oxidizer enter the engine through vertical inlets on
each side of the turbopump. In each suction inlet, a hydraulically driven
boost pump is mounted with its shaft horizontal. A suction prevalve is located

upstream of each boost pump.

(v The primary combustor utilizes a radial inflow HIPERTHIN* injector
consisting of a stack of thin platelet washers, with fuel and oxidizer fed

between and metered by alternate washecrs.

(U)) The secondary combustor, or thrust chamber, is transpiration cooled to
the throat and downstream of the point where static pressure is 30 psia; from
that point on the extension nozzle is cooled by the coolant-carryover boundary
layer. The transpiration-cooled thrust chamber utilizes platelet washers for
metering the required amounts of oxidizer into the thrust chamber wall. The
nozzla extension is similar in design to the nozzle on the Apollo service

module engine and the Transtage engine.

*Aerojet design denoting High Performance Throttlable Injector.
Page II-1
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III.
SCALING DATA

(C) Design scaling data have been determined for throttlable, restartable
ARES engines at three rated thrust levels of 25K, 100K, and 500K, Figure III-1-A
shows the predicted performance, weights, and dimensions for each of the three
engines incorporating thrust chambers with 50:1 area ratio 80% bell contour

and 150:1 area ratio RAO contour nozzles. The engine specific impulse values
are based on the Contract AF 04(611)-10830 target performance of 91.7% of
theoretical, Detailed thermodynamic analysis has shown that up to 947 specific
impulse efficiency can be reasonably achieved in a development program. There-

fore, the specific impulse data presented are conservative,

Q1)) Predicted engine performance (vacuum and sea level) versus nozzle area
ratio is shown in Figure III-2-A for the three design thrust levels. Predicted
engine throttling performance for the three engines over a 10:1 throttle rauge
is shown in Figure III-3-A. The reduction in specific impulse as the engine

is throttled results from: (1) increased combustion loss because of the lower
liquid injection velocity and lower fuel vaporization rate, (2) increased
friction because of greatly reduced flow over the same area, and (3) increased
kinetic losses because of gas disassociation. Engine dry and wet weights
versus rated vacuum thrust are shown by Figures III-4-A and III-5-A, respec-
tively., It can be noted that the engines with 50:1 area ratic ncozzles are
slightly heavier than those with 150:1 area ratio nozzles. This results from
the fact that as the area ratio is increased from 50:1, engine weight increases
but thrust increases at a faster rate. Engine length and maximum diameter
values versus thrust are shown by Figure 11I1-6-A, The dimension ratios for

RAO and 80% bell contour thrust chamber nozzles are presented in

Figure IIL-7-A. Engine gimbal moment of inertia versus rated thiusc is shown
in Figure 11I-8-A, Estimated cost (1967 dollars) to develop man-rated,
throttlable, restartable ARES engines is shown in Figure III-9-A, These costs

are based on a four-year program involving three years through PFRT and one

Page III~1
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III, Scaling Data

year for qualification. Propellant costs are shown separately. Fee is not
inciuded in the estimate. Estimated unit production cost (1967 dollars) for
throttlable, restartable ARES engines is shown in Figure III-10-A. Costs

shown do not include propellants or fee.

Page III-2
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RATED VACUUM THRUST - 1000 LB
(€ = 50 to 150)

ARES Development Cost

Figure III-9-A

UNCLASSIFIED




UNCLASSIFIED

Report 68-C-0008-F, Appendix I

1967 DOLLARS

Includes Acceptance Testing
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ARES Production Cost

Figure III-10-A

UNCLASSIFIED

Fmﬁw«w&m» I

B R S R TS LD AR

P A W




