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Summary: Five test nozzle configurations were selected for
testing: 1) Two Conicel converging-diverging nozzles with
design Mach numbers of 2.0 and 4.0; 2) an Axi-symmetric
shock-cancellation nozzle with a design Mach number of L4.0;
2) a free expansion nozzle with a design Mach number of 4.0;
and k) a plug type nozzle with a design Mach number of L.0.
These nozzles have been designed and fabrication of all,
except the plug nozzle, is complete. Testing was initiated
and the test data is presented herein; however, the data
anaiysis is not presented because of the limited data avail-
able.

A literature search was conducted and a summary of the reports
received is presented herein. The derivation of a theoretical
prediction of nozzle performance was initiated.

The program will be completed on schedule and no significant
problem areas are anticipated.

Literature Search: Twenty-three reports were reviewed and ten
reports ordered which concern turbine nozzles. A summary of the
reports reviewed and a list of the reports ordered are included
herein. The information obtained in these references aided in
the selection and design of the test nozzles as ncied below.

Test Nozzle Selection and Design: The nozzle types selected

for this study are the following four types: 1) Conical; 2)
Axi-symmetric shock-cancellation; 3) Free expansion; and L)

Plug type. These types were selected on the basis of low fabri-
cation cost (types 1 and 3), design point performance superiority
(type 2), and off-design point performance superiority (type b).
The superior performance estimates are based on rocket nozzle per-
formance tests. The nozzle design Mach numbers were selecied as
2.0 and 4.0 to provide data over the most common operational

range of high energy turbines.

The nozzles have common design parameters as shown in Table I.
Since seemingly insignificant geometric parameters can have
significant effects on turbine performance, all possible geometric
parameters were maintained constant between the nozzles as noted
in Table I.

The nozzle design details are shewn in Firures 1, 2, 3, and 4.

The design of the conical nozzles is typical of Sundstrand design
and is typical of those in References l.1l.4 and 1.2.7. The axi-
symmetric shock-cancellation nozzle design is based on the pro-
cedure presented in Reference 1.3.11, the free expansion nozzle

on Reference 1.2.6, and the plug nozzle on Reference 1.1.2. All
nozzles have been designed and fabrication of the first three
types has been completed. The plug nozzle will be completed in
November.
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These nozzles will be tested in thz Sundstrand turbine test
laboratory using the dynamometer shown in Figure 5. The
turbine wheel is a 6.2 inch diameter, shrouded wheel with
0.42 inch blede height as shown in Figure 6. The exhaust
housing of Figure 7 is used to shroud the vheel sides to
decrease the disc friction and simulate a typical turbine
irstallation.

Testing of the Mach 2.0 conical nozzle has teen initiated and
the turbine performance is presented in Figure 8. The derived
nozzle velocity coefficients for these tests are shown in
Figure 9. More test data will be obtained at other pressure
ratios to extend the off-design pressure ratio data. No com-
ments concerning the analysis of these data is felt to be
significant at this time because of the limited data available.

Theoretical nozzle performance prediction: Three techniques of
nozzle performance prediction are being considered. One is

based on normal shock theory for overexpanded nozzles, the second
is based on oblique shock boundary layer separation. The third
technique being considered is a combination of oblique shock -
theory and continuity conditions through the rotor. It is
anticipated that the third technique will most nearly describde
the actual conditionms.

Program Schedule and Problem Areas: The nozzle testing started
somevhat behind schedule due to high priority testing; however,

the tests for this program should continue relatively uninterrupted
during the months of November, December, and Januar~. Mo sig-
nificant delays are anticipated and the program will be completed
on time.
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1.1

1.1.1

1.1.2

TURBINE NCZZLE REFERENCE MATERIAL

TURBINE KOZZLE REPORTS

1.1 Theoretical only.

1.2 Experimental only.

1.3 Comparison of theoretical and experimental information.

REFERENCES ON ORDER

APPLICABILITY RATING

1. Of particular interest end applicable to small turbines.

2. Of genesral interest and applicable to small turbines.

3. Applicable to small turbines but information incomplete
or inconclusive.

4, Not applicable to small turbines.

TURBINE NOZZLE REPORTS (THEORETICAL ONLY)

"SHOCK FORMATION IN CONICAL NOZZLES"

H. M. Darwell and R. Badham, AIAA Journal, Vol. 1, No. 8,
August 1963.

APPLICABILITY 2

A theoretical evaluation of the gas flow in conical nozzles wvas
nade using the method of characteristics. This study showed
that it is possible that a shock may form in the nozzle. Com-
puter calculations show that the shock formation can be removed
by changes in the wall contour near the throat.

SIGNIFICANT CONCLUSIONS: Method to improve conical nozzle per-
formance.

QUESTIONABLE AREAS: Theoretical only.
"APPROXIMATE METHOD FOR PLUG NOZZLE DESIGN"
Gianfranco Angelino, AIAA Journal, Vol. 2, No. 10, June 3, 196k,

APPLICABILITY 2

This report describes how to design plug nozzles. This type of
nozzle has good performance at off-design pressure ratios and is
constructed so that positioning the nozzle on a bias, as in a
turbine, would not theoretically affect the flow.

SIGNIFICANT CONCLUSIONS: Method of designing nozzles.

QUESTIONABLE AREAS: No data presentad.
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"THEORETICAL STUDIES OF SUPERSONIC TWO-DIMENSIONAL AND AXI-
SYMMETRIC NONEQUILIBRIUM FLOW, INCLUDING CALCULATIGNS OF FLOW
THROUGH A NOZZLE"

James J. Der, Ames Research Center, NASA Technical Report
TR R-164, December 1963.

APPLICABILITY 2

Methods of calculating the characteristics of a supersonic nozzle
with a dissoclated gas flow are presented. The report is directed
toward rocket type nozzles. Few turbine nozzles operete with a
dissociated gas because of material limitations to temperature;
however, this theory appears to be applicable for a dissociated
gas.

SIGNIFICANT CONCLUSIONS: Method to calculate nozzle flow character-
istics in a dissociated gas.

QUESTIONABLE AREAS: Theory only.
"CHARACTERISTICS OF CONICAL SUPERSONIC NOZZLES"
David Migdal and Fred Landis, ARS Journal, December 1962.

APPLICABILITY 2

Conical supersonic nozzles were analyzed by the method of character-
istics to show the effects of wall angle, throat-to-cone fairing,
area ratio, and the thermodynamic properties as characterized

by the isentropic expansion coefficient. The study is primarily
concerned with rocket nozzles; however, some of the information

may be useful in turbine nozzle design.

SIGNIFICANT CONCLUSIONS: Parametric Study.

QUESTIONABLE AREAS: Theoretical Only.

ke
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1.2.2

1l.2.3

TURBINE NOZZLF, REPORTS (EXPERIMENTAL ONLY)
"REACTION TESTS OF TURBINE NOZZLES FOR SUBSONIC VELOCITIES"
Hans Kraft, Transactions of the ASME, October 1949.

APPLICABILITY 1

This report presents considerable data of converging nozzles
operating at various pressure ratios. The primary objective of
the study was to find the effect of nozzle geometry on performance.
The geometry varied was aspect ratio, stator blade inlet angles,
and statoi blade shape. Kraft points out that Keenan's supersonic
nozzle data are pessimistic for all supersonic data because of

the method of testing (the same method was used in Kraft's tests)
and "the velocity coefficients must be corrected upward by an
uncertain amount.”

SIGNIFICANT CONCLUSIONS: (1) Converging nozzle performance, and
(2) Keenan's supersoniu nozzle data are pessimistic.

QUESTIONABLE AREAS: ©None apparent.
"THE PERFORMANCE OF SUPERSONIC TURBINE NOZZLES"

B. S. Stratford, G. E. Sansome - Aeronautical Research Council
Reports and Memoranda, R. & M. No. 3273, 1962.

APPLICABILITY 1

Experimental investigation of a Mach 2.5 supersonic nozzle. Tests
vere made at pressure ratios from 9 to 19, the design pressure
ratio being 16.6. The objective being to find the effect of nozzle
exit angle on nozzle pressure ratio.

SIGNIFICANT RESULTS: The conditions immediately downstream of the
nozzles exert an overriding influence on the nozzle outlet {low
angle.

QUESTIONABLE AREAS: None apparent.

"REACTION TESTS OF TURBINE NOZZLES FOR SUPERSONIC VELOCITIES"

J. H. Keenan, Transactions of the ASME, October 1949.

APPLICABILITY 1

Most complete testing of off-design supersonic nozzles available.
Nozzles with area ratios of 1, 1.38, 2.34, 3.19 and 7.9 were
tested. The nozzle shape was quasi-two-dimensional. All nozzles
vere des’gned for an inlet angle of 20°., All tests were reaction-
tests.
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1.2.3

1'2Ih

1.2.5

1.2.6

(Continued)
SIGNIFICANT RESULTS: Off-design nozzle performance data.

QUESTIONABLE AREAS: (1) Unusual nozzle cross section. (2)
No account taken of the pressure fcrce on the nozzle.

"PERFORMANCE CHARACTERISTICS OF ONE CONVERGENT AND THREE CONVERGENT=
DIVFRGENT NOZZLES"

H. George Xrull and Fred W. Steffen, Lewis Flight Propulsion
Laboratory, NACA Research Memo RM E52H12, September 29, 1952,

APPLICABILITY 2

An experimentul study of 4 nozzles, applicable to rockets, was made.
The nozzles area ratios were 1.0, 1.39, 1.69, and 2.65. An air

flow parameter and thrust parameter are presented for all nozzles

at pressure ratios from 1.2 to 25. The converging-diverging nozzles
performed better than predicted when underexpanded, indicating
oblique rather than normal shocks in the nozzle. Although these
data are for rocket type nozzles, some insight into off-design
nozzle performance can be obtained.

SIGNIFICANT CONCLUSIONS: Off-design nozzle performance data.
OUESTIONABLE AREAS: Rocket type nozzles.

"COMPARISON OF EXPERIMENTAL WITH PREDICTED WALL STATIC-PRESSURE
DISTRIBUTIONS IN CONICAL SUPERSONIC NOZZLES"

L. H. Back, P. F. Massier, and H. L. CGier, Jet Propulsion Labora-
tory, Technical Report No. 32-65u4, October 15, 196kL.

APPLICABILITY 2

Tests were made with room temperature and heated air in several
conical convergent-divergent nozzles with an area ratio of 6.6.
Test data are presented at off-design pressure ratios. This
report should give some insight into the nozzle flow conditions
at off-design pressure ratios.

SIGNIFICANT CONCLUSIONS: Conical nozzle data at off-design
pressure ratios.

QUESTIONABLE AREAS: None apparent.
"SUDDEN EXPANSION OF A BOUNDED JET AT A HIGH PRESSURE RATIO"
Edward J. Barakauskas, AIAA Journal, Vol. 2, No. 9, April 10, 196k

APPLICABILITY 2

Tests of the flow field of converging nozzles in a circular duct.
The data show that the flow field is similar to that obtained
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. with a convergent-divergent nozzle and if a duct is placed around

( the jet it has no influence unless the duct diemeter is less than
the Jet diameter. This concept has interesting possibilities as
a turbine aozzle.

g SIGNIFICANT CONCLUSIONS: A sudden expansion nozzle has a similar
& flow field to a convergent-divergent nozzle.

QUESTIONABLE AREAS: None apparent.
1.2.7 "CONICAL ROCYET NOZZLE PERFORMANCE UNDER FLOW-SEP\RATED CONDITIONS"

Sherwin Kalt and David L. Badal, Engineering Notes, AIAA Journal
of Spacecraft, May-June, 1965. '

APPLICABILITY 2

More information on flow separation in conical nozzles. Should
provide insight into off-design turbine nozzle performance.

i . SIGNISTCANT CONCLUSION: Off-design pressure ratio performance
data for conical nozzles.

QUESTIONABLE AREA: None apparent.

L s

(j 1.2.8 "SECONDARY FLOWS AND BOUNDARY-LAYER ACCUMULATIONS IN TURBINE
NOZZLES"

Harold E. Rohlik, Milton G. Kofskey, Hubert W. Allen. and Howard
A. Herzig, Lewis Flight Propulsion T iboratory, NACA Report 1168,
1954, '

APPLICABILITY 2

This report summarizes a design point study of the nozzle flow
vector of several two-dimensional nozzles. The design Mach num-
bers varied from 0.86 to 1.46. Flow vector profiles are presented.

SIGNIFICANT RESULTS: Rectangular nozzles operating at design
| pressure ratio have low flow losses and the measured discharge
angl. is approximately equal to the design angle.

QUESTICNABLE AREAS: These are large size nozzles, tip diameter
of 16.25 in., blade height of 2.28 in., and blade chord of 1.5 in.

1.2.9 "SECONDARY FLOWS AND BOUNDARY-LAYER ACCUMULATIONS IN TURBINE NOZZLES"

Harold E. Rohlik, Milton G. Kofskey, Hubert W. Allen, and Howard
A. Herzig, NACA Report 1168, 195k,

APPLICABILITY 2

’ This report summarizes an investigation of secondary-flow loss
] patterns in three sets of converging turbine nozzle blade passages.
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The test technique used was flow-visualization (by means of
paint on the blade surfaces and smoke gits) and detailed flow
measurements with pressure and hot-wire probes. Overall mass.
averaged blade velocity coefficients were 0.98 to 0.99.
SIGNIFICANT RESULTS: Microscopic examination of nozzle flow.

QUESTIONABLE AREAS: Neglects effect of rotor on nozzle per-
formance.
TURBINE NOZZLE REPORTS (THEORETICAL AND EXPERIMENTAL)

“STUDY OF THE TWO-DIMENSIONAL FLOW THROUGH A CONVERGING-DIVERGING
NOZZLE"

Arthur Kentrowitz, Robert E. Street, and John R. Erwin, A NASA
Facsimile Reproduction of CB 3D2k, 1942,

APPLICABILITY 2

A study of flow through a conversing-diverging shock cancellation
nozzle was made. The design Mach number was 1.4k, A comparison
of the measured and theoretical pressure distribution was in good
agreement. This report includes initial work in the nozzle field
vwhich is generally understood at the present time.

"INVESTIGATION OF NEW M.E.I. NOZZLE CASCADES FOR SUPERSONIC
VELOCITIES"

M. Ye. Daych, A. V. Guberev, et al, Teploenergetika, No. 10, 1962,
Foreign Technology Division FTD-TT-63-99.

APPLICABILITY .2

A "new" Russian nozzle design is proposed that will improve super-
sonic turbine nozzle off-design performance. This design is very
similar to Ohlsson's design at MIT. Test data are presented for
22 nozzle designs and the performance does appear good; however,
considerable time will be required to understand the report.

SIGNIFICANT CONCLUSIONS: Converging nozzles are best for design
Mach numbers up to 1.5.

QUESTIONABLE AREAS: Cascade data only.

""SHOCK-INDUCED BCUNDARY-LAYER SEPARATION IN OVEREXPANDED CONICAL
EXHAUST NOZZLES"

M. Arens, E. Spiegier, AIAA Journal Vol. 1, No. 3, March 1963.
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APPLICASILITY 1

The flow in overexpanded supersonic ccnical ncz+les was reviewed.
Experimental data showed that oblique shocks occurred in the

nozzle when operating overexpanded. Yhen oblique shocks occur

the nozzle velocity coefficient is larger than if a normal shock
occurs. The prediction of the pressure ratio at which the oblique
shocks and hence the boundary--layer separation occurs is of value
for turbine analysis at belowv design pressure ratios. Gocd cor-
relation was obtained with experimental data for the assumptions of
this paper. A large number of data were available for comparison.

SIGNIFICANT CONCLUSIONS: Method to predict separation in conical
nozzles.

QUESTIONABLE AREAS: None apparent.

"TRUNCATED PERFECT NOZZLES IN OPTIMUM NOZZLE DESIGR"

J. H. Ahlbert, S. Hamilton, D. Migdal, and Z. K. Rilson, ARS
Journal, May 1961.

APPLICABILITY 2

Tais report presents a method to design shock cancellation super-
sonic nozzles. A discussion of wall friction and separation
efycts is included. The work is directed toward large rocket
nozzles; however, the data could provide insight into turbine
nozzle performance.

SIGNIFICANT CONCLUSIONS: Method of design of shock-cancellation.

QUESTIONABLE AREAS: Information directed toward large nozzles.

"INVESTIGATICN OF STEAM-TURBINE NOZZLE AND BLADING EFFICIENCY"
#. Dollin, Proc. I. Mech. E., Vol. 1llk, No. 4, 1940

APPLICABILITY 2

This report discusses the design of nozzle and rotor blade shapes.
A discussion of the problems of nozzle testing is presented. Some
nozzle test data are presented for a sonic nozzle and the design
of an improved nozzle test rig is described. The author feels
that the Reynolds number is an important parameter that has not
been considered previously.

SIGNIFICANT CONCLUSION: Some nozzle data presented.

QUESTIONABLE AREAS: Discussion of nozzle test techniques.

Jwll ik




1;3.6 "GOME RESEARCHE3 ON STEAM-TURBINE NOZZLE EFFICIENCT"

(fA Henry Levis Guy, M. Inst. C.E., Journal of Inst. of Civil
Engineering Vol. 13, 1939.

e

APPLICABILITY 2

Resear h Committee. Unfortunately, the information and data
presented only concern converging nozzles. Data are presented
wvhich show the effect of nozzle throat length, exit velocity,
blade inlet radius, exit angle, and blade height on nozzle
velocity coefficient.

This paper summerizes nozzle work done by the Steam-Nozzles E
s

SIGNIFICART CONCLUSIONS: Variation of nozzle velocity ccef-
ficient with nozzle parameters.

QUESTIONABLE AREAS : Converging nozzles only.

1.3.7 "FIRST REPORT OF THE STEAM-NOZZLES RESEARCH COMMITTEE"
The Institute of Mechanical Engineers, January 1923.

APPLICABILITY 2

This report describes the test equipment used by the steam-
§~. nozzle coumittee in lat~r tests.

SIGNIFICANT CONCLUSIONS: None.
QUESTIONABLE AREAS: Nome.

1.3.8 "SECORD REPORT OF THE STEAM~NOZZLES RESEARCH COMMITTEE"

The Proceedings of the Inst. Mech. Engr. March 1923.

APPLICABILITY 2

This report presents the initial studies of the committee. The

majority of this paper is concerned with comments made during
the discussion after presentation of the report. Data of 20°
converging nozzles with thin pertitions are presented.

SIGNIFICANT RESULTS: Some converging nozzle data.

] QUESTIONABLE AREAS: None.

i 1.3.9 "THIRD REPORT OF THE STEAM-NCZZLES RESEARCH COMMITTEE"

Proceedings of Inst. Mech. Engr., May 192L.
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1.3.21
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APPLICABILITY 2

Thisoreport presents the performance of convergent nozzles with
¢ 20" angle, with thick partitions. 1In addition, a series of
teats were run to determine the effect of chamfer on the nozzle
exit adges.

SIGRIFICANT RESULTS: Chamfer of the nozzle exit edges improved
the velocity coefficient over the non-chamfered nozzle. However,
the thir plate noszles had better performance than the chamfered
thick plate nozzles.

QUESTIONABLE AREAS: RKone apparent.

"FOURTH REPORT OF THE STEAM-NOZZLES RESEARGH COMMITTEE"
Prcceedings of Inst. Mech. Engr., May 1925.

APPLICABILITY 2

Test results of 12° convergent nozzles with thick and thin par-
titions (blades) are presented. Tests to determine the effect
of exit edge chamfer were conducted. Comments are made as to
the effect on nozzle efficiency due to: <throat length, thickness
of partition plates, chamfering, and nozzle angle.

SIGNIFICANT RESULTS: Converging nozzle data.

QUESTIORABLE AREAS: Noae apparent.

"APPROXIMATION OF OPTIMUM THRUST CONTOURED NOZZLE"
Rao, G. V. R., ARS June 1960

APPLICABILITY 2

A procedure to design contoured shock-cancellation nozzles is
presented. The nozzles are optimized on the basis of thrust
for rocket nozzles.

SIGNIFICANT RESULTS: Simple method of determining contoured
nozzle shapes.

QUESTIONABLE AREAS: Procedure valid for k between 1.2 and 1.k
only.

SRERA




P

RERA i

R

roewme
e

T e

2.0

2.1

2.2

2.3

2.4

2.5

2.6

2.7

2.10

REPORTS ON ORDER

Allen, H. W., Kofskey, M. G., and Chamness, R. E., "Experimental
Investigation ¢f loss in an Annular Cascade of Turbine - lozzle
Blades of Free Vortex Design,"” NACA Tech. Note 2871, 1953.

Johnston, I. H.,"An Analysis of the Air Flow Through the Nozzle
Blades of a Single Stage Turbine,” Brit. Aeronaut. Research
Council Current Paper 131, 1953.

Huppert, M. C. and MacGregor, C., "Comparison Betwesn Predicted
and Observed Performance of Gas Turbine Stator Degsigned for Free
Vortex Flow,” NACA TN1810, 19k9.

Edelman, G. M., "The Design, Development, and Testing of Tvo-
Dimensional Sharp-Cornered Supersonic Nozzles," Rep. No. 22.
MIT, May 1, 1948 (Bur. Ord. Contract NOrd 9661).

Johnson, I. H., "Analysis of the Air Flow Through the Nozzle Blades
of a Single Stage Turbine,” ARC CP 131, February 1951.

Rohlik, H. E. et al, "Study of Secondary-Flow Patterns in an
Annular Cascade of Turbine Nozzle Blades with Vort.:x Design,”
NACA TN 1897, February 1949.

Kofskey, M. G., et al, "Experimental Investigation of Flow in

an Annular Cascade of Turbine Nozzle Blades of Constant Discharge
Angle," NACA RM ES2A09, 1952.

Joknston, I. H., "Analyses of the Air Flow Trhough the Nozzle
Blades of a Single Stage Turbine," N.G.T.E. Memo No. 1N 108, 1951.

Bloomer, H. E., et al., "Experimental Study of Effects of Geo-
metric Variables on Performance of Conical Rocket Exhsust Nozzles,"
NASA TN D-8L46, 1961.

Ashwood, P.E. and Corsse, G.W., "The Influence of Pressure Ratio
and Divergence Angle on the Shock Position in Two-Dimensional,

Over Expanded, Convergent-Divergent Nozzles,’ ARC Current Paper 327,
1957.
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TABLE I

Geometric Parameters of the Test Nozzles and Test Turbine which are Common

to all Test Configurations
Rozzle Characteristics

Nozzle Angle . . . « « &
Kozzle Exit Dia. . . . .
Bozzle Pitch Dia. . . .

Major axis of nozzle exit ellipse
center of ellipse.

Rotor Characteristics

Wheel Pitch Dia. .
Wheel Blade Angles
Wheel Blade Height
Wheel Blade Chord

is tsngent to

A 1

e o o« 0.35 inch
« « 6.775 inches

wheel pitch diemeter at

6.775 inches
S
. 0.42 inch
e 0.3 inch
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Tip Diameter = 6.2 in.
Blade Height = 0. 42 in.
Chord = 0. 3 in.

25° Symmetrical Blades
115 Blades

Figure 6. Shrouded Turbine Wheel

AG 7711




ing

b Dynamometer

. Turbine Assembly 331091 Exhaust Hous

Adapted for Use on the Turbine Test La

Figure 7

AG 7715

PTIRE



359.12
BADCINU. 8.4,

KEUFFEL & ESSER CO,

K"’E 10X 10 TO THE VX INCH

| FbuiE ]

AN

B I

o] | e v

4 ey oa s
B BUSST PHEN.
resd e

>yt
[RTOS R

ra

1
- qat 4

n prane il ids

T e ik Q6 &0

£ e L S e

g et b PREAS EEBS:

u.L‘:l an»i Jy.::rr 2o
Codamy g

dwpey

[ B b

T

o5 T T e pos

SUNDSTRAND AVIATION

70+-10-66

Y

o il

AR

s e o




T Y S

e

MEOL| PR

il

}{:a

/
“

T RATT

i

YETOTIT

S, S

'

o
]

S B ECHR S T |

a3

70

-y

e ANIICYA

Z1-nee

‘DI AISSI 9 1134N2AN

YR TR

.




PN
.

..
i3

Unclessified
Security Classificatio:

DOCUMENT CONTROL DATA - R&D

(Security classification of title. dody of ebstract and indsring snnolsiion mus! be entered when the overall report is clessified)

1. ORIGINATIN G ACTIVITY (Conporats euthor) 126 RCPORT SECURITY € LASSIFICATION

Sundstrand Aviation, Div. of Sundstrand Corp. ! Unclassified
2&21 Eleventh Street 126 cRou®
‘Rockford, Illinois 61101 -

3. REPORT TITLE Investigations of Various Types of iczzles to Determine the Most
Feasible Concepts Applicable to Improvec Turbire Nozzle Performance at Of7-
Design Pressure Ratios for Partial Admission Impulse Turbines

4. DESCRIFT!>c NOTES (Type of report and inclusive datse)

Semiannual Progress Report 1 May through 31 October 1966

S. AUTHOR(S) (Last nama. fire: name, initial)

Reynolds, Richard W.
Schultheiss, Marvin J.

6. REPORT DATE 78. TOTAL NO. OF PAGES 70. NO. OF REFS
31 October 1966 24 24
8a. CONTRACT O GRANT NO. $a. ORIGINATON'S REPORT NUMBENR(S)
N00O14-66-C020L
b prosecT no. RR 010-04-01, 1-2k SA/ONR #1
c. 8. g"l’:c::oz)sl’on? NO(S) (Any other nupnbers that mey be assigned

d. | None

10. AVAILABILITY/LIMITATION .NOTICES
"Qualified Requesters may obtain copies of this report from DDC"

11. SUPPL EMENTARY NOTES 12. SPONSORING MILITARY ACTIVITY
N/A Head, Power Branch = |
Material Sciences Division

Office of Naval Research
Washington, D. C. 20360

§3. ABSTRACT
This report is presented as part of, and in accordance with ONR Contract NOOOL4~

ment of Section F(a) of the Contract Schedule wherein a semi-annual report of work
accomplished to date shall be submitted at the end of the sixth mounth after initial
date of contract. (U)

Five test nozzle configurations have been selected for design and testing to sup-
port the requirements of this contract. All designs are of the converging-
diverging supersonic type. Two sre of straight conical divergent wall design, one
each for a design Mach number of two and of four. The remaining 3 nozzles consist
of one each axi-symmetric shock-cancellation type, free expansion type, and a
unigue plug nozzle. Fabrication of all designs is complete but for the plug
design. Testing has begun and preliminary data is herein presented. (U)

A literature search was conducted and a suwmary of reports on hand is presented.
Also. a theoretical nozzle performance prediction analysis has been started. (u) .

No cerious problems are foreseen and the program will be completed on schedule. (V)

66-C0204, with Sundstrand Aviation, Rockford, Ill., to satisfy the specific requiret

FORM
D D 1 JAN 84 1 473 Unclassified

Security Classification

B =
A}

i

B

o




- e e v A S .
Unclassified i
Security Classification
re -
KEY WORDS O0ES Q LINK @ LINK C
ROLE wT AOLE wr ROLE wT

(ol

Fluid Mechanics
Nozzle Performance
~_ Experimental Data

1. ORIGINATING ACTIVITY: Enter the name and address
of the contractor, subcontractor, grantee, Dopartment of De-
fense activity or other organization (corporale suthor) issulng
the report.

2a. REPORT SECURITY CLASSIFICATION: Enter the over-
all security classification of the report. ladicate whether
““‘Restricted Data‘’ is included. - Marking is to be in accord-
ance with apprepriate security regulations.

2b. GROUP: Automatic downgrading is specified in DoD Di-
rective 5200, 10 and Armed Forces Indusirial Manusl, Enter
the group number. Also, when spplicsble, show that optional
p:r:ings have been used for Group 3 and Group 4 ‘as suthor-
ized.

3. REPORT TITLE: Eater the complete report title in all
cp~tal letters. Tities in ali cases should be unclassified.
l‘ ‘eaningful title cannot be selected without ciassifica-
tR..show title classification in all cspitals in parenthesis
Immediately following the title.

4. DESCRIPTIVE NOTES: If appropriste, enter the type of
report, e.g., interim, progress, summary, annual, or final.
Give the inclusive dates when a specific reporting period is
covered.

S. AUTHOR(S): Enter the name(s) of author(s) as shown on
or in the report. Enter last name, first name, middle initial,
If military, show rank and bianch of service. The name of
the principal author is an absolute minimum requirement.

6. REPORT DATE: Enter the date of the report as day,
month, year; or month, year. If more than one date appears
on the report, use date of p.blication.

7a. TOTAL NUMBER OF P/.GES: The total page count
should follow norms] paginat on procedures, i.e., enter the
number of pages containing information

76. NUMBER OF REFERENCES: Enter the total number of
references cit 1 in the report,

8a. CONTRACT OR GRANT NUMBER: If sporopriate, enter
the applicable number of the contract or grant under which
the report was written,

85, &, & 8d. PROJECT NUMBER: Enter the appropriate
military department identification, such as project number,
subproject number, system numbers, tssk number, etc.

9a. ORIGINATOR’S REPORT NUMBER(S): Enter the offi-
cial report number by which the document will be identified
and controlled by the originating activity. This number must
be unique to this report.

95. OTHER REPORT NUMBER(S): If the report has heen
assigned any othe. report numbers (either by the originator
or by the sponsor), also enter this number(s).

L

INSTRUCTIONS

10, AVAILABILITY/LIMITATION NOTICES: Enter any llm-

itations on further dissemination of the report, othar than those

imposed by security classification, using standsrd statementa
such as:

(1) ‘‘Qualified requesters may obtain copies of this
report from DDC.'*

(2) “Foreign announcement and dissemination of this
report by DDC is not authorized. **

(3) “U. S. Government agencies may obtain copies of
this report directly from DDC, Other qualified DDC
users shall request through

(4) *‘U. S. military agencies may obtain copies of this
report directly from DDC. OCther qualified users
shall request through

(5) '*All distribution of this report is controlled. Qual-
ified DDC users shall request through

if the report has been furnished to the Office of Technical
Services, Depsrtment of Commerce, for sale to the public, indi-
cate this fsct and enter the price, if knowr

11, SUPPLEMENTARY NOTES: Use for additional explana-
tory notes.

12. SPONSORING MILITARY ACTIVITY: Enter the name of
the departmental project cffice or laboratory sponsoringz (pay-
ing for) the research and development. Include address.

13. ABSTRACT: Enter an abstract giving a brief and factual
summary of the document indicative of the report, even though
it may also appear elsewhere in the body of the technical re-
port. If additional space is required, a continuation sheet
shall be attached.

It is highly desirable that the abstract of classified re-
ports be unclassified. Each paragraph of the abstrsct shall
end with an indication of the military security classification
of the information in the paragraph, represented as (TS), (S),
(C), or (U).

There is no limitation on the length of the sbstract. How-
ever, the suggested length is from 150 to 225 words.

14. KEY WORDS: Key words are technically mesningful terms
or short phrases that characterize a report and msy be used ss
index entries for cataloging the report. Key words must be
selected so that no security classification is required. Iden-
fiers, such as equipment model designation, trsde name, mili-
tary project code name, geographic location, may be used ss
key words but will be followed by an indicstion of technical
context. The assignment of links, rules, and weights is
optional.

Unclassified

Security Classiftcation

0
Ay




