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NATTIONAL, ADVISORY COMMITTEE FOR AERONAUTICS
RESEARCH MEMORANDUM

DESIGHN DATA FOR GRAPHICAT  CONSTRUCTITON
OF TWO-DIMENSIQNAL, SHARP-EDGE-THROAT
SUPERSONIC NOZZLES
By Harold chemes and Ferris L. Seashore

SUMMARY

Design data are presented for the grephical construction Of
two-dimensional shar p- edge-throat supersonic nozzl es of minimum
length for test-section Mach nunbers from1.20 to 10.00. The
met hod of characteristics used in the design is briefly revi ened.

INTRODUCTION

A general discussion of the method Of characteristice as
applied t o supersonic-nozzle design is given in reference6 1 to 3.
The application of the nethod of characteristics to the design of
m ni num | engt h shar p-edge-throat nozzles is described in reference 3.

By means of charts and tabl es presented herein for deasigning
such nozzl es using an expansion "kernel," nozzle-wall contours for
wind-tunnel teat-section Mach nunmbers from1.20 to 10. 00 may be
obtained with a ni ni mum of graphical construction. The principles
of the method of characteristics used in the design are revi ewed.
The nonencl at ure of reference 1 was found to be more convenlent
than the speed-index or pressure-nunber systens of references 2
end 3, and i S therefore used inthisreport.

SYMBOLS

The following symbole are Used in this report:

A, area of nozzle bearing uniform flow at M (equal to height
for nozzle of unit width)

4, area of nozzle at throat (equal to height for mozzle of unit
width)
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length of nozzle fromthroat to test section
| ength of kernel

Mach nunber

final Mach numberxr

absoissa Of point of intersection of Yt characteristic
wWith ¢~ characteristic

ordinate of point of intersection Of Y o~ characteristic Wi th
¥~ characteristic

angle of wall to nozzle exis
Mach angle, <a1n'l ili)

final Mach angle

rati o of specific heat at constant pressure t0 specific heat
at constant volume

angl e of inclination Of stresmline t0 nozzle axis

angl e that ¥+ characteristic nakes with x axis (g - @)
(At is positive number when drawn bel ow horizontal)

angle that ¥~ ocharacteristic makes with x axis (g + 8)
(A= 18 positive nunber when drawn above horizontal)

angl e of cormer in wall at nozzle throat

equi val ent Prandtl-Meyer t urni ng angl e

characteristics (Mach waves) ori gi nati ng at upper nozzl e wal |l
characteristios (Mach waves) originating at | ower nozzle wall
val ue of ¢ at nozzle exit

downst r eam characteristic boundi ng expansion wave ori gi nating
at upper nozzle wall

downstream characteristic boundi ng expansi on wave originating
at lower nozzle wall
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METEOD OF NOZZLE DESIGR
System of Characteristics in Sharp-Edge-Throat EKozzles

A two-di mensional nozzle with a sharp-edge throat i s shown
in figure 1. The increase i n £low Mach nunber with displacement
downstream of the throat is obtained fromthe system of expansion
waves generated at the angular turn of the wall at the nozzle
throat (fig. 2(a)). The expansion waves, as shown in figure 2(a),
turn the flow toward the adjacent nozzl e wall downstream of the
corner with a consequent increase in streamtube cross-sectional
area and Mach number. The system of expansion waves fromeach
corner is identical with that "developed in an infinite uniform
sonic fl ow cometreined to flow around a sharp corner in a single
two-di nensional wall. The solution for this case is discussed
in reference 4. The expansion waves are propagated i nto the flow
along straight |ines radiating from the comerin the case for the
flow along only one wall in an infinite flow. Along anK gi ven
radial line, the flow direction, the Mach number, and the physi cal
state of the gas is the same for all points on that line (fig. 2(a)).
Each of these radial |ines can be assigned a number i ndegrees or
radi ans that corresponds to the engular deviation of the fl ow
crossing the line fromthe direction of the vnédisturbed sonic flow
A line so nunbered is call ed a cheracteristic. The angul ar devi a-
tion of the flaw between two characteristics is equal to the dif-
ference of the aumbers assigned t0 t hese characteristics. At each

characteristic, the flow makes the Mach angle p = sin=L | /Mwith

the characteristic. The characteristics are therefore coincident
with the Mach lines in the flow

Two separate walls in the flow (fig. 2(a)) result in two
separ at e systens of intersecting expansion waves origlnating at
the respective wall corners. Xf the characteristics from the upper
and lower walls are designated ¢ * and ¢=~, respectively, every
point in the flow traversed by both expansion waves i s crossed
by a characteristic from the upperandl owerwal | s. Because of
t he simultaneous i nfl uence on the fl ow of the expansion waves from
t he corner on the upperandl owerwal | s in the zone common to both
sets of waves, the characteristics eare curved to maintain the Mach
angle with the flow (zone I, fig. 2(b)). The characteristics are
straight in zones occupied by only one set of expemsion waves
(zones Il and 111, fig. 2(b)).

By means of the characteristics in zones Il and Il1, the
graphi cal construction of the nozzle-wall contour required to
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give wave-free flow in the test section can be made. Tables |

and Il provide the information for obtaining the chancteristics
in zones Il and Il wthout involved plotting or computation. The
construction of the wave pattern from which the information in
tables I and II was obtained is described in the follow ng section

886

Development of EKernel
From references 2 and 4, t he val ue of the flow Mach number at

a point in the flow, crossed by characteristics having val ues of ¢+
and =, respectively, is given by

LR g
Z._t];

The flow direction with respect o the nozzle axis is

v o=yt ey =1/7Lﬁ— tan~1

9=\u+-\|}- (2)

For an isentropic flow of known wniform total preasure and
temperature, the f| ow at any point isconpletely specified by the
| ocal valuesof the intersecting pair of characteristics.

A wave pattern for a pair of opposite corners at the nozzle
throat ie established by dividing the wave emtted by each comer
into a convenient nunber of characteristics, and by determning
the resulting wave pattern due to the interaction of both sets of
waves by means of the foregoing principles; that is, the local Mch
number | S given by equation (1), the flow direction is given by
equation (2}, and the local Mach angle 1s deternm ned fromthe

relation g = sin™1 1/M.

The resulting system of chantteristics in the zone of the
flow traversed by waves from both coners (zone I, fig. 2(b)) 1s
shown schematically in figure 2(c). Such a pattern is called a
kernel. In order to obtain the tables giving the pertinent
design paraneters for sharp-edge nozzles ranging in test-section
Mach nunber from 1.20 to 10.00, a kernel was graphically devel oped
for two opposing comers of equal angle (51.160) corresponding to
M= 10.06 at the teat section with the following increnments in
v+ and ¥~



288

FACA RM No. E8J12 S

v+ and y - YF and ¢~
limits Increments
(deg) (deg)
0 - 0.01 0.01
nol - ulg '03
19 - «3T7 086
.37 - 1 00 .09
1.00 - 2.00 +20
2.00 <« 4.00 .40
4.00 - 8,00 SO
8.00 -1a.00 1.00
19.00 - 51.16 2.00

~ In the range of low values of ¥+ and ¥ =, where the construc-
tion is sensitive to mall changes in these values, small increnents

in Yyt and ¢~ were used, as indicated in the preceding tabl e.

Because t he corners at the nozzle throat were chosen equal, the
resultent wave pattern i S symmetrical and only the half above the
nozzl e axis need be considered. The wave pattern at any point in
the kernel is not influenced by the wave pattern downstream of that
point. Consequently, the kernel for any comerl eSS than the max-
imum of 51.168° can be obtained fromthe kernel for 51.16° by neglec-
ting the characteristics Of value greater than the desired corner
angle. This principle is illustrated in figure 2(c).

~ The boundi ng characteristic separating zone I from zome | |
(fig. 2(b)) is designated as \Uﬁ“'. The points of intersection of
the ¥= characteristics with the e+ characteristic, and the

sl opes of the ¢~ characteristics at these points, are all that
Is required to determne the nozzle contour.

The constructed kernel for M = 10.00 provided data for the
design of nozzles for finzxl Mach numbers Mp from1.20 to 2.00 in

increments of 0.20 and from2.00 to 10.00 i n increments of 1.00.

; X . . . .
The coordi nates (m, A—fﬁ?) of the points of intersection of
the bounding characteristic ¥e* with the Y~ cheracteristics are

tabulated with other pertinent data in table | .

For Mach numbers UP to 4.00, a kernel of 12-inch half t hr oat
hei ght A.b/z was graphically devel oped and for Mach numbers from

5.00 to 10.00 a half throat height of 6 inches was used. For the
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6~inch kernel, however, the scale was reduced at intervals as the
hei ght of the kernel increased in order to maintain the construction
within the physical limt of the drawing board. This scale reduc-
tion accounts for the decreasi ng number of decimal places for the
coordinates intable | inthe high Mach number range. Turning-
angle increments in Y+ and =, as given in the preceding table,
were used for both kernels. Construction was performed with a

drafting machine capabl e of setting to f2.5 mnutes.

Val | Contour
An expangion wave incident on a channel wall will, in general
require that a secondary wave be emtted at the point of incidence
in order to keep the flow againat the wall. |If the wall is curved

inthe way a streamine would be turned under the influence oOf the
i nci dent wave, however, no secondary wave arises to keep the flow
along the wall. This nethod of suppression of secondary waves is

t he principle used t O obtainuniform wave-free flow in the t est
section. The graphical construction is required to locate the
poi nt of incidence of the waves on the nozzle wall. The difference
In value of the characteristics bounding the incident wave gives
the change of wall inclination required to suppress secondary waves
(fig. Z(d)); that is, for the upper wall,

Aa = Ay~ (3a)
or for the lower wall,
Aa = AS+ (Sb)

where aa is the required change of wall inclination. The accuracy
of the wall contour obtained inproves as the number of characteristics
drawn to represent the incident expansion Wwave i S increased. Only

the upper nozzle wall need be devel oped if the nozzle i s symmetrical
about the center line

Symmetrical t Wo- di mensi onal shar p- edge-throat nozzles ar e pro-
duced by making t he angle Of the tuwrn at both walls at the throat
equal in megnitude. |f ¢ represents the angle of turn for the
upper and |ower walls, the downstream characteristics y¢* and

¥~ that bound the respective expansion waves Wi || have this val ue.
Because of the symmetxry of the wave pattern about the nozzle axis, a

y* obaracteristic will intersect ay~ characteristic of the sane
magni tude at the nozzle axis. In particular, the‘\bf+ and\yf'

886
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characteristics i ntersect on the nozzle axis (ﬁg. Z(c)). 5 flow
along the streamline on the nozzle axis will have the final Mach

nunber Mg at the intersection of these bounding characteristics.
From equation (1),

Vet s vy =y =T e 4{——”‘; sanL e -2
-1

Because Yyt and Y~ are equal in magnitude and represent the
angl e through which each wall is turned at the {hroat,

‘l’ Z=1 _ —
o= et = Ve = 5 P et T gl (9

7+l
=1

Equation (4) gives the value of the wall angle at the throat that
corresponds to the desired test-section Mach number Me. 5se val ues

are presented in table I, colums | and 2.

The method of using the kernel that is schematically shown in
figure 3(a) to obtain the nozzle-wall conteur of two-dinensional
sharp-throat nozzles of minimm |ength (fig. 3(b)) is illustrated
by application to a specific problem Assune that it is desired
to design a nozzle of this class with a test-section Mack number
of4.00and a throat height of 6 inches.

The throat-corner angle o and the value of the downstream
boundi ng characteristics yp* are obtained from equation (4) or

table |11, colum 2, wWith Mp equal to 4.00, colum 1:
PaVet=¥pe"=32.890

The wal | contour i s obtained by plotting the zone || characteristics
of the Yy~ set (fig. 3(b)), which are straight lines that meke the
engle A' Wwth the nozzeaxis at the intersection of the ¢~
characteristics and t he bounding characteristlc ye*. All that is
required to obtain the zone |l plot are the coordinates of the points
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of intersection of the ¢~ set of characteristice with the bounding
characteristic ye* andthe local slopes A of the ¥~ charac-

teristics. Colums 4 and 5 of table | give the coordinates of
intersection in terms of the half throat height A /2 and colum 6
gives the angle of inclination A= of the ¥~ oharacteristio at
the intersection. For example, the Yy~ = 12.00° characteristic

intersects the y,* characteristic at —=— = 3.453 and
f %72

~J— = 1.256, which gives x = 10.359 and y = 3.768 for a nozzle
A /2
of 6~inch throat. The inclination of the ¥~ characteristic in zone ||

IS A~ = 42.14°. The complete pl ot of the zone || characteristics
has the form schematically illustrated in figure 4(a).

Cohstruction of the nozzle wall starts at the nozzle throat
with a straight-line segnent ab (fig. 4(b)) that nmakes the angle
with the nozzle axis ¢ = 32.899, which was previous|y computed f or
Mp = 4.00. At the interseotion of the nozzle wall with the first

¥~ ocharacteristic (y;~ = 0.01°), theinclination of the wall is
reduced according to equation (3a) by au amount (¥~ - ¥,~) corres-

ponding to the angl e through which the flow is turned clockwise by
the expansion wave between ¥ g~ and ¥4 ~. As previously aiscussed,

no wave em ssion occurs at the wall turned in this way. At every
interseotion of the wall with a charscteristic, the wal| inciination
to the nozzle axis is reduced by thefangle of turning produced by
the wave between y,= and Vopo1e 5 angle of the wall a at

each characteristic iS given in table I, colum 7. For example,at
point b, ¥~ = 0.010 and a = 32.88°; simlarly atpoint o,

Y- = 0.04° and a = 32.85°. When the Sequence of straight-line
segments representing the nozzle wall is completed, a smooth curve
approxi mating the shape of the sequence of straight lines is taken
ast he effective nozzle-wall oontour. 5 accuracy of the fi nal
wal | oontour increases W th the number of characteristics used to
rﬁpresent t he expansion waves from the wal| cormers at the nozzle
throat.

An averaging method for attaining a oontour that is closer
to the true oontour will be desoribed for a nozzle with a test-
section Mach nunber M, of. 4.00 as an exanple, as shown in fig-

ure 4(b). As before, construction starts at the nezzle throat with

a straight |ine ab making t he cormer angle with the nozzle axis

(9= 32.89°). Line ab i S then bisected by point o, and line cd

is drawn at the wall angle a = 32.88°, corresponding t0 ¢~ = 0.01°,
(table |, colum 7) until it intersects the ¥~ = 0,04° cheracteristic.
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Point B, the wall coordinate point lying along ¥= = 0,019, is

| ocated by the intersection of line ed and ¥~ = 0.01°. Line Bd
is then bisected by point e, and line eg is drawmn at the wall angle
a = 32.85° corresponding to ¥= = 0.04%. Point Dis |located by
the intersection of line eg and ¥~ = 0.04%. The precedi ng process
is continued until the design is conplete. The nozzle contour is
taken as the snooth curve through points a,B,D, . . ., tangent

to construction lines ab, od, ez, . .

The test-sectionhei ght of the nozzle (numerically equal %o A.),

which is obtained by either of the graphical processes described,
should be related to the throat height by the expressi on

r+1L
Zi -ls
1+ Z‘_]-Mfz 7
Ar _ 1 2 (5)
R ¥\ zL
These area-ratio values are presented in table ||, column 4. For
Ap
exanpl e, for = 4.00, ,-= 10.719.
Y M, A,

The design of a nozzle that has a Mach numbexr internedi ate between
values given in table | requires the determnation of the shape of the
¢f+ charaoteristic of the kernel corresponding to the desired Mach
nunber. This design is accomplished by using the coordinates of the
yp¥ characteristic given in table | that are closest to ths desired
Mach number and then establishing by construction the points of inter-
section of the Wet characteristics that correspond to the desired
Mach number with the ¥ = characteristics, as shown in figure 5. For
exanple, the kernel for M = 4.30 is established with the kernel for
M= 4.00 as a base.

The bounding characteristic ¥+ and the zone Il plot of ¥ -
characteristics for Mp ="4. 00 are established as previously
described. These characteristics are dashed in figure 5. 5

boundi ng characteristic and the zone Il plot of = character-
istics for Mp = 4.30 are established according to the follow ng

procedur e:

The val ue of the bounding charaoteristic yp*t for Mp = 4.30
is obtained fromequation (4) or table I, column 2, (Y% = 34.77°).
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5 angle that the ypt characteristic mekes with the nozzle axis

at any point ie designated Y+ (fig.5) and i s determined by the
rel ation

At=p8 -0 (s)

where B 18 the Mach angle det erm ned by the local Mach number
corresponding t 0 t he local equi val ent Prandtl-Meyer turning angle V¥,
given by equation (1), and @ is ths angle of inclination of the
flow t 0 ths nozzle axis, glven by equation (2). (Note that positive
values of At are drawn with a negative S| ops.) Thus at point A

at the throat (fig. 5):

from equation (1),
W o=yt +¢= =34.77 + 0 = 34.770
from table XII, columms 3 and 5, for Yy = 34.77,
B = 25.53
fromequation (2),
@ =Yt -y~ = 34.77 - 0 = 34.77°

Consequently,

AF =B -6 = 25533477 = - 9.24°

5 negative sign indicates that A+ is drawn with positive slops,
as shown at point A of figure 5. 5 bounding yg* ocharacteristic
|'s drawn at the angle At = - 9.24%, until it intsrssots ths first
Y~ characterigtic ¥~ = 0.01° at point B. At point B the new p*
value for yet is deternmined by repeating ths aforementiocned pro-

cedure USing Yt = 34.77° and ¥ -~ = 0.01°, The V ¢t characteristic

is drawn at this new A * value until it intsrssots ths next -~
characteristic Y = 0.04°. 5 s|lope of the Y- characteristic at
point B, A-, is determined by the relation (fig. 5)

AT=B+28 (7)

with the same values for g and @ as were used to determine »*.
In this mannert he entire zome |1 plot of Y~ characteristice is
obtained for M, = 4.30.
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The wall contour is then devel oped by the nethod previously
described for = 4.00. The entire procedure 1s expedited if
columns 1 t0 3, 6, and 7, ¢ and V¥, of table I, and A+ are
determ ned for the Vet characteristic for M= 4.30 before the
drawing is initiated.

Nozz| e Length

5 nozzle length fromthe throat to the test section may be
calculated from the length of the kermel end t he proj ectionof the
| ast characteristic od the nozzle axis, asshown In figure 3(b).
5 projection may be determined from the final Mach angle and t he
fnal area ratio. 5 expression for the ratio of the nozzle length
to the nozzle test-section height

Lfu, % \4
Ry | A TEA; tenp | B

is plotted in figure 6 for Mach nunbers upto 10.

Iewls Flight Propul si on Iaboratory,
National Advisory Committee f Or Aeronautics,
Clevelard, Chio.
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TABLE I. - DETAILED NOZZLE DESIGN rARAMETERS
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[r = 1.409
1 | s ) 4 5 6 7 1 2 s P 5 6 7
¥ | ] x y A~ -1 Y g x 3 AT [
20g) |(deg)| (deg)| Xy/Z | A, /2 | (deg) |(deg, |[(deg)| (deg) | (deg)| Kg/2 | Bp/2 [(deg) |(aeg)
M., 1.20; v and T.*. 1.80° 0.51| 7.81[|47.41|0.557[0.586(64.60] .19,
£ ' e ¥e™s 1.80 37| 7.e7lav.32| 577| .508|54.45] T.13
o [1.8062,91]0 000 1.8¢ || .46] 7.96|47.17| .600| _489|64.21| 7.04
.o1L|1,81 62.87 .215| .614}6¢.66| 1.75 || .55 e.osi47.0s| -e22| 471|sz.98] 6.95
.04 1.84| 62.72 ,277 | .500|64.48| 1.7¢ || .84| a.14 |e6.a9| .ees| Casi]s3i78| e.86
.07|1.87| 62,56 .Z05| .448|64.32| 1.73 || 73| 823 |es.7s| ee1| L4ze(smos2| 6.7
10 « 90 62.45 «328 | 408 . 1.7C «82 8,32 |[46,81 «879| 425 63,29 a,.68
<13 |1.93| 62.32 .345 | .380|63.09| 1.6 || 92| s.41le6.47| .694| J412|53.08] .59
J16|1.98| 62.18 .356 | .357|63.82| 1 a4 || 1000| 8050 [46.35| J7os| 350 |s2tes| &-so
I 1.99 82:05 ,368 | ,336/63.66| 1 g7 || 1.20] 8.70|46.03| 738| ;375 [52.35| & 3o
.85 2,05]61,78 ,386 | ,305|63.33| 1 g5 |[ 1.40] ©.90(45.73| .764| .=sx|s1.83| 8.10
o31[2.11| 61,562 .404 | .274|63.01| 1049 || 1.80] 9.10|45.43| .787| 355 [51:33| 5.90
.37 |2.17| 61,28 .417 | .253|62.71| 104z [[ 1.80} e.30|45.14| .e10| .315(50.8¢| .70
.46 |2.26| 80.88 .433 | .225|62,.23| 1034 || 2.00] 9.50 [s4.85| .s28| .300|s50.35| sH.80
.55 [2,55| 60,63 .448 | .198|61,78| 1.25 || 2.40| 9.50[44.32| .867| .268|49.42| 5.10
.64 | 2,44 60,16 463 | .176{61.5¢| 1.16 || 2.80] 10.30{4s.78| .003| .239]48.48] ¢.70
.75 |2.53| 59,84 .475 | .155/60.91| 1.07 || 3.20] 10.7045.2a| .834| .215)4e7.68| ¢.30
.62 |2.62| 59,50 .487 | ,136}60.48| .98 || 3.60| 11.10[42.80] .983| .1s0(46.70| 3.90
.91 2,71 59,18 .498| .118|€0.07| .e9 || 4.00| 11.50 (42 30| .eez| .167|45.80| 3.50
1.00 |2,80| 58,8 .507 | .108|59.88| .80 || 4.50] 12,00 [41.72|1.022| .142|a4. 5.00
1.20 3,00 |58,18| .527 | .072|58.78| .60 ||5.00] 12.50{41.15]1.054| .117[u3.e8 2.60
1.40 [3.20| 67,57 .543 | .046|67.97| .40 |[5.50] 13.00|40.60)2.083| .093|42.60 2.00
1.60 |3.40| 56.98 .569 | .oe2|57.28| .20 || 6.00] 13.50(40.05|1.115| .067 |441.58 1.B0
1.80 | 5,60 56,40 .574 56,40/ o §:50| 14.00)59.53 [1.145) .045 |#40.53 1,00
" ¥ 3 .00| 14.50[z9.04]1. .022 |550,54 .50
— 5-:'" 51::9‘ ;’ and !fao'o 4.50 51| =801 15.00 5854 [1.202]0 38.54] 0
el - -« ——— .« . = -]
0L [4.51(63.97| 257 | .698|58.46| 4.49 Mg, 1.80; ¢ and ¥,*, 10.36
.04 4,54 |53.89| .335| .607|56.35| 4.46 || 0 10,56 [45.70]0 T1.000 10,56
07 4,87 |83.62| .369| .567|68.25| 4.43 || .o1| 10.37 4z 60| .320| .790|54.04| 20.35
.10 |¢.e0|53.78| .397| .635|58.16| 4.40 || .04| 10.40|43.65] 417| .ves|sm.87| 10.32
213 |6.63 [53.88| .417| .513|58.06| 4.37 || 07| lo.45|as.61 .480| .e97|63.90| 10.29
.16 |4.66 |53.60| .432| .495(57.94| 4.34 || .10| 10,46 |a5.57| .494| .675|53.83| 10.28
.16 |4.69|63.53| .447| .477|57.84| 4.1 || .13| Y0.49[45.55| .517| .669|63.76| 10.23
.28 |4.75 |55.58| .469| .452|57.63| 485 || .16| 1o.52[45.50] « -646|53.70| 10.20
o351 |¢.81 (55,23 t491| .427|57.42| 4.10 || 19| 10,55 |45T46| E87| .e33|53.es| 10.17
.37 |4.87 [65.0a| .507 | .407|57.21| 5.5 || .25| 10.61 |4%.39| .583| .e15[s5.80( 10.11
46 4006 |62.87| 527 | .384|56.91| 3 04 || .31| 10¢ t52| t6iz| <557|5%.37| 10.05
55|5.05 |52.66| .547| .363|56.61| 37gs || 37| 10.73(43.24| ie32]| I583[53.23| Tglgg
64 5.14(58.46| .564 | .342|56.32| 37aa || .46| 10.82|43.14| .668| .567[53.04| gl g0
.75 |6.23(|52,26| 580 | ,325|56.03| =, 77 «55( 10,91 |43,035| .682| ,550(|52.84| .81
.82 |5,32|52,08| 694 .308|56.74| 3.68 || .s4| 11.00|42.02| .704| .535(52.64| 9.72
.91 |5.41 61.86| .608 | .293(55.456| 3.59 || .73| 11.09|42.81| .725| .22 |s52.44| o.63
1,00 |6.50|51.66| .820| .279|85.16| 3.50 || .e2| 11.18|42.70| .743] .s10|s2.24| 9.54
1,2018.70|51.25| .645| .252|64.55| 5.30 || 91| 11.27|42.59| .762| .498|52.04| 9.45
1,40 ]5.90|50.85| 667 | .227|53.93| 3.10 [|1.00| 11.36(42.47| .777| .4s8(51.83| 9.36
1.60(6.10|60.43| .897 | .206(53.33| 2.90 ||1.20| 11.58 |42,25| .812| .467[51.39| ¢.1s
1.80|6.30|50.08] .708] .185|52.75| 2.0 ||1.40| 12.76|a2.00| .B41| .447(50.96| s8.98
2.00|6.50|49.686] .722] .167|52.16| 2.50 ||2.60| 11.96(41.77| .867| .430(50.53| 8.78
2.40 |6.90|48.93| .752| .135|51.05 | 2.10 [[1.80| 12.16[42.5¢4| .s02| .415(50.10| a.56
2.080 |7.50|48.24| 783 | J101|49.94( 1.70 ||2.00| 12 36|41 32| .912| .400(49.87| s8.36
5.20 |7.70|47.58| .eo8 | .075|48.88| 1.30 |[2.40| 12.78 |40 06| 957 .371|48.82| 7.96
3.60|8.10|46.95]| .832| .oso|a7.e5| .90 [|2.80| 13.16(40.42| .997| .345 [e7.08| 7.56
2.00|8.80146.355] .856| lo2s5|e6.65| .50 [|Z.20| 13.56(59.09(1.034| 321 [47.15| 7.16
4,50 |9.00(45.57] .880 0 45.57 | o 3.60| 13.96|39.57 1,087 -300 |46.33| 6.76
— > . 4. 8|1, .277 |45.54| 6.36
M., 1.60; ¢ and ¥.*¥, 7.50 4.50 | 14.86(30.88(|1.137| .254 [44.54| s5.a6¢
& [7.50]47.90]0 1,000]——-——] 7.50 ||5.00| 1B6.36|38.21 [1.178| .2s1 |43.67| 5.z6
+g%[7251|47.88| 202 | 1761|65.57 | 7.49 ||6.80 | 1586 (37,76 [1.208| (206 42.68| 4.86
*04 7154 |470g4| I361| 1676|86.30| 7046 ||6.00| 16136 |37050 (21247 (183 |41.66| 4.38
07 757 |47 %e| 421l ses2|ss.22) 7.43 ||6.50| 16,86 [36.86 |1.262| .16z [¢0.72| =sias
l10|7.80|47 74| 48] se16|E5.14| 7.40 |[7.00| 17,36 |36.42[1.315| 130 [s9.78| 3. =e
213 |7.63|47.60| La72] .597|65.08| 7.37 |[7.50 | 17.86 36,00 |1.380| 117 [sa.06| 2.se
c16|7.66(47.64] .492 | .582|54.98| 7.34 [|a.00| 18.36]55.59 (1,379 2.36
J39l|7es| a7 0| (508 56764 91| 7.52 llec00| 19.36(34.80|1.445| 055 [56.18( 1036
+257.75|47.50| .533 | ,54654.75 | 7.25 |[10.00 | 20.36|34.04|1.807| 012 [s4.40| .36
10,36 | 20,72 |23.76|1.528 [0 530 0
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NACA RM No. E8J 12

TAELE I. - DPBTAILED NOZZLE DESIGN PARAMETERS - Continued

[r = 1.40d
1 2 3 4 [ & 7 1 2 5 4 5 | 6 7
LA § L L [ S b N e | ¥ 8 LI . S

&
(deg) | (deg) [ (dex)| At/ | Ap/2 | (deg) | (aeg) || (d08)|(deg) | (deg)| Be/Z| A/2 | (deg) [(deg)

2.00|26.88(29.71|1.298|0.858 |62.59 [22.88

. +

¥, 2.005 ¢ and £,%, 13.18° 2.40(27.28 (29.48(1.368| .850(51.96 [22.48
2.80(27.68|29.24 |1.434| .8¢2|51.32 [22.08

o [13.19 [40.38]0 1.000]|--~--[ 13.19 || 3.20|28.08|29:01|1.496| .833|s0.69 [21.68
«01(13.20 [40.38| .345| .82¢|53.56 | 15.18 || 3.60)|28.48|28.79(1.56656| .82s|60.07 |21.28
<04 13,23 [40.36|. .449| .770]565.50 | 13.15 || 4.00|28.88|28.56(1.616| .819[49.44 [20.88
«07|13.26 [40.31| .496| .746|53.43 | 15.12 || <.50|20.38|28.291.678| .810(|48.67 |20.38
.10|13.29 [40.27| .53%| .728|53.36 | 13.09 || 5.00|29.88(28.05|1.745| .800|47.91 |19.88
<13|13.32 [40.26| .667 63.31 | 15.08 || 5.50|30.38(27.75|1.812| .792|47.13 [19.38
.16|13.35 [¢0.22| .580| .70z |63.25|15.03 || 6.00|30.88|27.47(1.583| .780(46.35 [15.88
.19|13.38 [40.28| .501| .e92|53.18|13.00 || 6.50|31.38(|27.22|1.949| .771]45.80 |18.38
+25|13.44 [40:12| .630| .678|53.06 | 12.94 || 7.00|31.88|26.96|2.016| .7e1|44.8417.88
+51|13.50 [40.05| .660| .662|52.93 | 12.88 || 7.50|32.38|26.71|2.085| .750|44.09 |17.38
37|13.56 [39.99| .683| .e50(52.81|12.82 || 8.00|32.88|28.46(2.147| .739[43.34 16,88
.48|13.65 [39.89| .710| .837|52.62|12.75 || 9.00|33.88|26.97(2.281| .717|41.85 [15.88
<55 |13.74 [39.90| .737| .622(52.44 | 12.64 |[10.00|34.88(25.40(2.417| .693[40.37 |14,88
<64|13,83 [39.71| .762| .609|52.26 | 12.56 ||11-.00|35.88|25.04|2.554| .667|38.92 [15.88
.73 |13.92 [39.61| .784| .598!52.07 | 12.46 ||12.00|36.88|24.59(2.695| .638|37.47 [12.88
.82|14.01 [39.52| .e04| .588 51.89|12.57 |[13.00|37.88(|24.12(2.835| .611|36.00(11.88
+92|14.10 [39.43| .82¢| .578|51.71|12.28 |[14.00|38.88(23.69 (2.982| .578|33.57 [10.88
1.00|14.19 [39.34| .842| .569|61.53 | 12.19 |[15.00|39.88|23.27|3.138| .543|33.15| 9.88
1.20(14.39 [30.16| .a87s| .550|51.14|11.99 ||16.00|40.88|22.85(3.288| .508|31.73| e.es

1.40(14.59 [38.95| .911| .553|50.74 | 11.79 ||17.00}41.88(23.43(|5.4567] .467}30.352| 7.88
1.80|14.79 |38.75| .939| .519(50.34 |11.69 ||18.00|42.88|22.03|5.618| .425[28.91| 6.88
1.80|14.99 [38.68| .938| .504(45.94 | 11,39 ||19.00|45.88|22.84|5.796] .375[27.52| 5.88
2.00(15.19 |38.37| .992| .492|49.56|11.18 ||21.00|45.83|20.88(4.267| .272|24.76| 3.88
2.40(15.69 |38.00|1.041| .467|48.79|10.79 |23.00|47.88[20.14|4.584| .144|22.02| 1.88
2.80 %5.99 5;‘2# %.osa -443(48.05 | 10.39 || 2¢.65/49.76 19.47|5.025]0 19.47| 0
3.20 (16,39 [37. J128| .422(47.26| @98 |7 ; ry °
3.60 |16.79 |36.92|1.167| .403|46.51| 9.59 Up, 4.00; @ and ¥,7, 32.89
4.00|17.19|36.65|1.206| .382|45.84| 9.19 || © [32.89]26.46|0 1,000 [—~n==cneB9
4.50(17.69 |[36.14|1.246| .362 |44.83| s.89 .01(32.90 |26.45| .507|1.066|59.335(32.88
6.00(18.19 |35.73|1.288| .5%9|43.92 | a.1¢ .04|32.93|26.43| .661|1.073|59.28(52.85
5.50|18.69 |55,33|1.328| .318|43.02| 7.69 .07|32.96 |[26.42| .731|1.080|69.24 |32.82
6.00/15.19 [5¢.93[1.375| .295(42.12| 7.1% .10|32.99 |26.40| .785|1.086[59.15 |32.79
6.50|19.69 [34.556(1.413| .274(41.24| e.69 .1s|33.02 |26.39| .822|1.090[69.15|32.76
7.00|20.19 [34.17[1.455| .253(40.36| .19 .16(33.05 26.37| .857|1.094|69.10|32.73
7.50|20.69 |55.86|1.493| .232(39.55| 5.69 .19|3z.08|26.56] .887|1.097|59.08(32.70
8.00|21.19 |33.41]|1.528| .213|z8.60| 5.19 .25(33.14 |26.33] .931]|1.102|58.97(32.64
9.00|22.19 [32.70|1.603| .173(|56.89| 4.19 .51|33.20|26.30] .977|1.107|58.88(32.68
10.00 |23.19 |32,01{1.679| .133(36.20 | 5.1¢ .37|33.26|26.27|1.012|1.112 |58. 79 |32.52
[1.00|24.19 [51.36|1.753] .092|33.56 | 2.19 .46(23.35 |26.22|1.053}1.116 |68.65 |32.43
12.00|26.19 |30.74|1.827| .052|31.93 | 1.19 .55|33.44 |26.18|1.096{1.120|58.52|52.34
[3.00{26.15 |30.12|1.898| .012|30.31| .19 || ‘.64|35.55(26.15|1.137|1.125 |68.38|22.25
13.19 |26.38 |30.00|1.918]0 30,00 | O +73|33.62 |26.09 1.172|1.129 |58.25 32.16
.82|33.71 [26.04|1.204|1.152 |58.11 [=2.
Mg, 5.00; ¢ and ¥Yr¥, 24.88° | .91|33.80(26.01]1.235]|1.135|57.99|51.98
RN LT ; 1,000 [-—-—= 24.88 || 1.00|35.09 |25.96]1.264|1.138|57.86|51.89
.01|24.89 [30.92| .439| .953|55.79 | 24.87 || I.20|34-09|25.86]|1.326]/1.145|57.55 |s1.69
-y 0+90| 673 .030]65.74 [ 24.84 || 1.40|34.290 |25.76]1.380]1.150|57.25 [31.49

«07(24,95 [50.88| .833( .955(|56.69 | 24.81 1.60|34.49 |35.66|1.427|1.155 [56.95 |31.29
«10[24.98 |30.87! .68l .928|55.65 | 24.78 1.80|34.69 [25.57|1.479|1.160 |66.66 |31.09
¢13|25.0L [30.85| 713 .925|65.80 | 24.76 2.00|34.89 |26.48|1.522]1.164 |56.57 |30.89

«16 (25,04 [30.82| 742 (| .921(55.54 | 24.72 2.40]365.29 [25.30 |1.6081.172 |65, 79 |30.49
19 |26.07 |30.82| .768| .918|56.50 | 24.69 2.80)35.69 |26.12]1.694]1.180 |55.21 |30.09
«25 |25.13 [30.77| 805 .914 |55.40 | 24.65 3.20|36.09 |24.95(1.772(1.187 (54.64 [29.69
«31 |26419 |30.73| 845 .910|55.30 | 24.57 3.60(56.49 R4.77 1.849 1.192 [54.06 |29.29
«37 |25.25 [30.69| .875( 906 [55.20 | 24.51 4.00(356.89 24.58 1.927 1.199 53.47 [28.89
46 |25.34 (30.64| .909| .,903|56.06 | 84.42 4.50|37.39 |24.34(2.011|1.206 [52.73 [28.39
55 |25,43 |30.58| 946 .898|54.91 | 24433 5.00|37.089 |24.11|2.099|1.212|52.00|27.89
e84 (25,52 |[30.63| 980 .895|64.77 | 24.24 5,50|38.39 [23.90 (2.187|1.217 |51.29 |27.39
«73 (26461 |30.47|1.010 .B892|54.62 | 24.15 6.00|38.89 [23.68|2.285|1.223 (50,57 |26,89
«8225.70 |30.42|1.038 .8688(654.48 | 24.06 6.50|39.39 |23.47 |2.374]|1.228 |49.86 |26.39
«91 |25.79 [30.36|1.065| 887 |[654.33 | 23.97 7:00|39.89 23,26 (2.467|1.235/49.15 [25.89
1,00 |25.88 |30.30]1.088| .88%|54.18 | 25.88 7.50|40.39 |25.06 (2563 |1.237 |48.44 [256.39
1,20 26,08 |30.18|1.138| .B878|53.86 | 25.68 8.00(40.89 [22.84 |2.650|1.24) |47.73 |24.89
1,40|26,28|50.06|1.183| .875|563.54 | 23.48 9.00|41.89|22,42(2.842|1.247 | 46.31 [23.89
1.60 |26.48 |29.94|1.222| .868|53.22 | 25.28 |[|10.00| 42.89 22,02 3.039| 1.252(44.91 |22.89
1.80|26.68 |29.88]|1.263| .863{52.96 | 23.08 |I11.00|45.89 [21.63 (3.242|1.255|43.62 |21.89
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NACA RMNo. EBJ12
TABLE I. - DETAILED NOZZLE DESION PARAMETERS - Continued
[r = 1.409]
1 2 3 4 5 6 7 1 2 3 4 5 6 7
L ¥ g x J A a &t ¥ -} x Y x a
(deg) | (deg)| (deg)| Ay/2 |Ap/2 | (deg)| (deg) |[ cog) (deg)| (deg)| K72 |4, /2 |(2eg) | (deg)
. - o '5.00| 65.45 [16.13| 9.735[2.083[28.59(15.46
M,, 4.00; oand Y 7, 32.89 17.00| 65,46 |14.57|11.190|2.025|26.03[11.46
'9,00| 67.46 |14.01|12,877|1.910|25.47| 9.48
12.00|44.89|21.25| 3.453|1.266| 42.14| 20.89|| 51.00| 69.46|13.47]|14.687|1.733|20,98| 7.46
13.00|45.089|20.87| 3.669| 1.265| 40.78]| 19.89 || i3.00| 71.46|12.95]|17.187|1.460|18.28| 5.46
14.00|46.89|20.50| S.897|1.252| 39.39| 18.88|| 35.00| 75.46|12.41]|19.720/1.100(15.87| 3.46
15.00|47.89|20.13| ¢.143| 1.244| 38.02| 17.89 || i7.00| 76.46|11.90|23.027| .547|15.368| 1l.46
18.00|48.89|19.77| 4.387|1.235| 36.66| 16.89 || i8.46| 76.92|11.64]25.867|0 11.54( ©
17.00|49.89|19.42| 4.860|1.221| 36.31| 15.89 N ¥ .48°
18.00|50.89]19.09| 4.932| 1.204| 33.98| 14.8% Mg, 6.00; @ and ¥,7, 42.48
19.00161.89 |18.73| 5.227|1.183| 32.682| 13.89] © 42.48]22.20| © [1.000] ===-= 42.48
21.00(|53.89|18.07| 5.888|1.129| 29.96| 11.89 .01] 42.49{22.19| .593|1.217|64.66|42.47
23.00|55.8¢|17.43| 6.807|1.050|27.32] 9.89 .04| 42.62|22.18| .777| 1.283|64.62|42.44
25.00|57.89|16.79| 7.445| .939|24.68] 7.e9 .07 42.55|22.17| .860|1.313|64.58|42.41
27.00|659.89|16.19| 8.402| .792|22.08] 5.89 «120[ 42.58(|22.18| .923|1.337| 64.54|42.38
29.00|61.89|15.59| 9.518| .587| 19.48] 3.89 .13 42.61]|22.15| .970|1.3563|64.50|42.36
31,00|63.80|15.01| 10.770| .329| 16.90] 1.89 «16] 42.64)|22.13| 1.010|1.387| 64.45 :g.gg
32.89|65.78[14,48(12.279] 0 14,48] 0© «19] 42.67|22.22| 1.047|1.380| 64.41|42.
N,, 5.00; ¢ and ¥.*, 58.46° .25| 42.73(22.09| 1.100|1.400|64.32(42.23
f£r T il 31 42.79|22.06| 1.147|1.420|64.25(4R2.17
36.46]25.688] 0 1.000] ==-- 38.46 .57 42.85(|22.04| 1.193|1.435|6¢.15|48.11
01| 38.47|23.87 .560]1.143| 62.32| 38.45 .46| 42.94(22.00| 1.247|1.453|64.02|42.02
.04| 38.50{23.86[ .727|1.187] 62.28| 38.42 .55[45.0321. 87| 1.297|1.470|63.90|41.93
.07} 38.53{23.85] .800{1.207]|62.24| 38.39 .64] 43.12(|21.93| 1.347|1.490|63.77|41.84
.10| 38.66|235.84| .8683]1.220|62.20| 38.36 .73] 43.21]|21.90| 2.387|1.503|63.65|41.76
.13| 38.59|23.82| .907] 1.223|82.15| 3a.33 .82| 43.30(21.87| 1.427|1.517|63.53(41.686
.16 38.62|23.81| .940{1.240{62.11| 38.30 91| 43.39(21.83| 1.467(1.530|63.40|41.57
.19{ 38.65|23.79| .973|1.260{62.06| 38.27 || 1.00|43.48(|21.80| 1.500|1.543|63.28(41.48
«26| 30,71|23.77| 1.027|1.263|61.98| 38,21 || 1.20|43.68|21.72| 1.580(1.570|63.00(41.28
31| 38.77|23.74| 1.070|1.273|61.89| 38.15 || 1.40|43.808|21.64| 1.647|1.593|62.72|41.08
«37| 38.83|23.71| 1.113|1.280|61.80| 38.09 || 1.60]44.08{21.56| 1.703|1.613|62.44|40.88
.48| 38.92|23.67| 1.160|1.293|61.67| 38,00 || 1.80|44.28{21.48| 1.770(1.637|62.16|40.68
55| 39.01|23.64| 1.207|1.307|61.56| 37.91 || 2.00|44.48]21.40| 1.827|1.657|61.828|40.48
+64] 39.10|23.60| 1.253|1.320|61.42| 37.82 || 2.40l 44.88121.26| 1.937(1.693|61.34|40.08
.73| 39.19|23.66| 1.290|1.327|61.29| 37.75 || 2.80 45.28 21.11| 2.047|1.730|60.79|39.68
.62| 39.208|23.52| 1.330|1.337|61.16| 37.64 || 3.20 45.68 20.95| 2.1.53|1.767|60.23(35.28
<01} 39.37|23.48| 1.363|1.347|61.03| 37.55 || 3.60 46.08 20.80| 2.253| 1.800 69.68|38.88
1,00] 39.46|23.45| 1.393|1.353|60.91| 37.46 || 4.00|46.48]20.66| 2.363|1.833|59.14(38.48
1.20] 39.6623.37| 1.467|1.370|60.63| 37.26 || 4.50}46.98[20.47| 2.477|1.870|58.45|37.98
1,40] 39.86}23.28| 1,527|1.387|60.34| 37.06 || 5.00] €7.48{20.2¢8| 2.600|1.910|67. 77|37.48
1.60| 40.06(23.20| 1.580|1.397|60.06| 36.86 || 5.50{47.98(|20.10| 2.727|1.947|57.08|36.98
1.80] 40.26 |23.11| 1.640|1.413|59.77| 36.86 || 6.00| 48.48(|19.92| 2.867|1.987|56.40(36.48
2.00] 40.46(23.03| 1.690|1.423(59.49| 36.46 || 6.50| 48.98(19.74| 2.997|2.027|55.72|35.98
2.40( 40.86[22.86| 1.790|1.447|58.92| 36.06 || 7.00| 49.48(19.57| 3.127|2.063|55.05|35.48
2.80] 41.26|22.69] 1.887|1.470|58.35| 35.66 || 7.50| 49.98|19.39| 3.273(2.107|54.37|34.98
3.,20| 41.66|22.53] 1.980|1.490|67.79| 35.26 || 8.00| 50.46(|19.22| 3.403(2.140(53.70|34.48
3.60| 42.08|22.36] 2.070|1.510|67.22| 34.86 || 9.00| 51.48(|18.88| 3.690|2.217|52.36|33.48
4.00| 42.46|22.21| 2.1687|1.533(56.67| 34.46 || 0.00|652.48(|18.54| 3.977(2.290|51.02|32.48
4.50| 42.96| 22.00 2.267 |1.5563|66.96| 33,96 || 1.00|53.48(|18.22| 4.293|2.367|49.70(31.48
5.00| 43.46| 21,81 2.373|1.877(55.27| 33.46 || 2.00| 54.48(17.88| 4.620(2.440(|48.38|30.48
5.50| 43.96| 21.61] 2.480[1.5697|64.567| 32.96 || 3.00] 55.48(|17.56| 4.983(2.517|47.04(29.48
6.00| 44.46(21.41] 2.607 [1.623|53.87| 32.46 || 4.000 56.48(17.25(| 5.367(2.597|45.75(28.48
8450 44.96| 21.23 2.710|1.€43(53.19| 31.96 || 5.001 57.48(16.95| 5.770|2.673|44.41|27.48
7.00| 45.46| 22.04 2.827|1.667(52.50| 31.46 || 6.00 58.48 16.62| 6.187(2.750|43.10|26.48
7.50| 45.96 20.85 2.945|1.687|51.81| 30.96 || 7.00 59.48 16.32| 6.667|2.830(41. 80|25. 48
8.00| 46.468 |20.67| 3.0567|1.707|52.13| 30.46 || 8.00|60.48]|16.02] 7.160]2.803|40.50(24. 48
9.00| 47.46(20.30| 3.303|1.750|49.76| 29.46 || 9.00|61.48|15.72] 7.683|2.977|39.20(|23.48
LO.00| 48.,46(19. 93| 3.647]|1.790|48.39 | 28.46 || 1.00|63.48|15.135] 8.897|3.127|36.61|21.48
l1.00| 49,46 [19.57| 3.813|1.830|47.05| 27.46 || 3.00/65.49{14.57|10.357|5.267|34.05(29.48
12.00| 60. 46 [19.22| 4.083|1.867|46.68 | 26.46 || 5.00]|67.48{14.01|12.000|3.377|31.49(17.48
13.00| 61. 46 [18.89| 4.377|1.903|44.35 | 25.48 || 7.00|69.48{13.47|14.010|5.480|28.95(265.48
L4. W 52.46(18.54| 4.680]1.837|43.00 | 24.46 || 9.00|71.48{22.95|16.400|3.53%5|26.41(15.48
15.00| 53.46 [18.22| 6.010l2.967141.68| 23,48 || 1.00|75.48{12.41|19.200|3. 527| 2a.89|11. 48
16.00|64. 46 [17.62| 5.340,1.997|40.34 | 22.468 || 3.00]|75.48|11.90|22.667| 3.433| 21.38 ¢.48
17.00|55.46(17.56| 5.713|2.023|39.02 | 21.46 || 5.00{77.48{11.401268.547| 5.223| 18.88 7.48
:8.00(56.46(17.25| 6.090(2.047|37.71 | 20.46 || 7.00{79.48{10.90{31.61 [2.80 [16.38| 5.48
19.00|67.46 [16. 93| &.500[2.067(36.39 | 19.46 || 9.00{81.48|10.41|37.93 |2.15 [15.88| 3.48
11,00 69.46 [16.32] 7.427(2.097(33.78 | 17.46 || 1.00}83.48] 9.95{46.05 |1.06 [11.43| 1.48
13.00( 61.46(16.72| 8.497|2.103|31.18 | 15.46 || 2.48|84.96| 9.59|62.65 |0 g.59 | O

886
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TAELE I. - DETAILED NOZZLX DESIGN PARAMETERS - Oontinued

[r = 1.408
1 2 s | & 5 8 7 1 2 3 | 4 5 & 7
[ - T

¥ ¥ 8 * || T P L ¥ 8 x ¥ = R

(deg) | (deg) (c\.eg)I n/z Ac/2 | (deg) {deg] || (deg)| (deg) (degl) 1,/2 192 (deg)] (deg)
Mg, 7.005 ¢ zma ¥.', 45.40° ¥p, 8.00; ¢ and ¥,%, 47.81°
5] 47.81]20.17| O 1.000[-==--] 47.81
o 45.49|21.02]| © 1.000 01|47.82{20.16 «6655{1.340|67.95| 47.80
.01[456.50|21.02 .627|1.280 «04)47.85|20.15 «86%5[1.445(87.92] 47.77
+04 [45.53|21.01 .817|1.387 «07147.88(20.14 «540[1.487|67.88] 47.74
<07 |45.56 (21.00 «503|1.407 .10|47.91)20.15| 1.013|1.527|67.84| 47.71
«10|45.59|20.98 .973(1.440 «15/47.94/20.,12| 1.063|1.553|67.80| 47.68
«13|45.62(|20.97| 1.020|1.460 .16 47.97 20.10| 1.107|1.573|67.75 €7.65
«16|45.65(|20.96| 1.063|1.480 «19 48.00 20.09| 1.147|1.593|67.71 47.62
«19[45.68(20.95| 1.100|1.493 .26|48.06|20.07| 1.207|1.627|67.63| ¢7.56
+25 |45.74|20.93| 1.167|1.523 -3X%[48.12(20.04| 1.260|1.653]|67.54] 47.50
«31|46.80|20.91| 1.220(|1.543 «37(48.18(20.03| 1.513[{1.680|67.47| 47.44
«37145.86/20.80| 1.260|1.567 «46(48.27(19.90| 1.367[1.710|67.34] 47.35
«46|45.95(|20.85( 1.313(1.590 «55(48,36(19.96| 1.423|1.740|67.22{ 47.26
«55|46,04(20.81( 1.367|1.613 .64(48.45(19.935| 1.480(1.767|67.10| 47.17
«84|46,13|20.78| 1.420|1.637 «73(48.54(19.89| 1.527|1.790|66.97] 47.08
.73/46.22(20.76| 1.463|1.857 .82|48.65|19.85| 1.573|1.817|66.85| 48.99
.82|46.31(20.72| 1.520|1.877 .91|48.72(19.835| 1.617(1.837|66.73| 46.80
«91(46.40(20.69| 1.850|1.697 1.00|48.81(19.80| 1.857|1.857|66.61| 46.81
1.00|46.49(20.66| 1.587|1.713 «20(49.01|19.73| 1.743|1.905|66.34] 46.61
1.20| 46.69|20.57| 1.870{1.750 1.40|49.21(19.86| 1.820(1.940|66.07] 46.41
1.40(46.89(20.50( 1.743|1.780 1.60|49.41(19.69| 1.887|1.973|65.80| ¢6.21
1.60| 47.09(20.42| 1.807|1.807 1.80|49.61(19.52| 1.963/2.013]|65.53| 46.0L
1.80(47.29|20.35| 1.880(1.840 2.00/49.81[|19.45| 2.027|2.043|65.26| 45.81
2.00| 47.49/20.28| 1.940|1.867 2.40|50.21|19.31| 2.157|2.110|84.72| 45.41
2.40| 47.89(20.13| 2.080| 2.920 2.80]50.61[19.18| '2.287|2.173|64.19] 45,01
2.80|48.29|19.98| =2.183|1.870 3.20]51.01]19.06| 2.410(2.230|63.67| ¢4.61
3.20| 48.69(19.8¢| 2.207|=2.017 5.60|51.41]|18.91| 2.533;2.290|63.128( 44.21
3.60|49.09(19.70| e£.410|2.087 4.00/51.81]18.77| 2.663)2.353|62.58] 43,81
4.00| 49.49|19.56 | 2.633(2.117 4.50(52.31(|18.60| 2.803|2.417|61.91] 43.31
4.50| 49.99|19.38| 2.863(2.167 5.00[52,81(|18.44| 2.953|2.487|61.25| 42.81
5.00(50.49|19.21| 2.800(2.220 5.50|53.31)18.28) 3.107|2.553t60.59] 42.31
5.50| 50.99|19.06 | 2.940|2.277 6.00|53.81[18.11| 3.2683|2.6353|59.92| 41.81
6.00|51.49(18.87| 3.100|2.337 6650|5431 |17.94| 3.447|2.707|59.25| 41.31
6.50| 51.99|18.70| 3.247|2.390 7.00|54.81|17.78| %.613|2.777|58.59| 40.81
7.00|52.49|18.53 | 3.395(2.443 7.60|55,32|17.62| 3.790(2.863|67.93| 40.31
7.50|62.99|18.38| 3.553|2.503 8.00(56.81(17.46| 3.960|2.9°3|67.27| @9.81
8,00 53.49|18.21| 8.710|2.557 9.00|56.81|17.14| 4£.300|3.060|65.95| Z8.81
9.00 (54,49 [17.87| 4.023|2.687 10.00|67.81|16.82| 4.673|5.207|54.63| 37.81
0.00(55.45|17.556 | 4.357|2.773 11.,00|58.81|16.52| 5.093|3.360|63.33| 36.81
1.00|56.49|17.24 | 4.727(2.890 12.00|59.81(|16.22| 5.527|3.520(/62.03 35.81
2.00|57.49(16.92 | 5.113|3.007 13.00|60.81(15.92| 6.003|3.683|60.73| 34.81
3.00(58.49|16.61| 5.537|3.130 14.00/61,81(16.62| 6.517|5.857|49.43| 33.81
4,00|69.49)16.31] 5.983|3.263 15.00|62.82|16.32| 7.083|4.037|48.13| 32.81
15.00([80.49(16.01] 6.477|3.383 16.00|65.81|15.04| 7.667|4.183|46.85| 31.81
16.00|61.49{16.71| 6.980(3.510 17.00|64.81 |14.76 | 8.327|4.410|45.57| 30.81
17.00{62.49|25.41| 7.553|3.643 18.00|65.81 [14.48| 9.023|4.603|4¢.29| 29.81
18.00(63.49|15.22] 8.150|3.777 19.00|66.81 |14.19| 9.790|4.810|43.00| 28.82
19.00|64.49|14¢.84] 8.800(3.913 21.00|68.81 |153.65 | 11.560|5.243|40.458| 26.81
£21.00(66.49114.28] 10.323(|4.207 23,00|70.81 [15.11| 13.707|5.720|57.92| 24.81
"5.00|68.49|13.73| 12,107 |4.510 25.,00|72.81[12.59 | 16.295|6.213(365.40| 22.81
«00|70.49(13.19 | 14.2434.813 27.00|74.81{12.08| 19.480|6.747|32.89| 20.81
7.00|72.49|12.66 | 16.843 5,110 29.00]|76.81 |11.56 | 23.367|7.293|30.57| 18.81
9.00(74.49|12.15 | 19.980|6.387 51.0Q]|768.81]11.07 | 28.017|7.813(27.88| 16.81
1.00 | 76.49|11.64 | 23.720|6.617 33.00|80.81(10.58| 34.00 [8.30 |26.39| 14.81
3.00| 78.49|12.14 | 28.353|5.780 35.00|82.8L(10.12 | 40.97 [8.73 |22.93| 12.81
5.00(80.49(10.685 | 33.73 |5.82 37.00|84.81| 9.63| 50.30 [9.03 [20.44| 10.81
7.00(82.4910.18 | 40.87 [5.70 39.00|86.81| 9.16| 62.22 |9.10 [17.97| B8.81
9.00184.49| 9.69| 49.83 |5.32 t1.00|88.81| 8.70| 76.66 [8.78 |15.51| 6.81
1.00 [86.49 | 9.23 | 61.43 |4.51 ¢3.00(90.81| 8.85| 98.17 |3.87 [13.08| 4.81
3.00 188,49 | 8,77 76.05 |[3.07 $6.00(92.81| 7.81 |125.15 |2.88 |10.62| 2.81
45.00}50.49] 8.32| 95.23 | .67 £7.00|94.81| 7.36 |164.43 | .90 | 8.17 .81
45.49 |90.98| 8.21|100.01 |O £7.81|95.62| 7.18 |179.47 |0 7.18
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TAELE I. - DETAILED NOZZLE DESIGN PARAMETERS - Concluded
r= 1.409

1 2 3 4 5 s 7 1 2 3 4 5 6 7

- ¥ g x g x —~_| a
(deg) |(deg) [(aeg)| B6/Z | B¢/2 Ke/2 | Ae/2 | (deg)| (deg )

F
¥, 9.00; ¢ and ¥, 49.66° e and ¥.%, 51.160

) 1-000 ~===n 51.16

0 |[49.s¢]|18.50] O 1,000 .690| 1,430 70.14| 51.15
.01]| 48.6% | 15.50 673 1,387 .900| 1.860 70.1¢| 51.12
.04|49.7¢| 19,40 .e80| 1.s07 .993| 11 .620( "70.0€| 61. 09
.07| 49.72 [ 19.48 .970| 1.560 1.070| 1.667| 70.02| 51.06
.10 ¢8.7¢ |19.47| 1.043] 1.s00 1.123| 1.700| 69.9¢| 61. 03
.13/ 49.7¢ [19.456] 1.007| 1.63m 1173 1.730 €9.84| 51.00
.16/ 49.82 [19.44| 1.143| 1.86% 1.213] 1.757] 69.9¢| 50.97
19| 49.8¢[19.43] 1.183] 1.680 1.273| 1.793) 69.8¢2| 50.91
.25| 49.91[19.42| 1.243| 1.7m13 1.533| 1.e27| 69.72| 50. 85
31| 49.97|L8.39| 1.300| 1.7a7 1.390| 1.863 69.65] 50.79
.37| 50.02[18.37| 1.353|1.7800 1.447| 1.897} 69.52] 50. 70
.46| 50,12 |19.34| 1.410f1.820 1.507| 1.937] 69.42] 60. 61
.58| 50.22 [ 19.31| 1.470| 1.943 1.587| 1.97s| 69.28| 60. 52
.64| 50.5C [ Lo.28] 1.527| 1.a77 1.817| 2.003| 69.16] 50, 43
73| 50.35 [ 19.24] 1.573| 1.903 1.667| 2.03369.08] 60. 34
.82| 50.4¢ | 19.22] 1.827| 1,933 1.715| 2.060|68.83] 50. 25
.91| 50.6%|L8.19| 1.667| 1.957 1.757| 2.000| 68.81] 50.16
1.00| 50.68€|L9.26| 1.710| 1.980 1.863] 2.147|6a.54( 49. 96
1.20| 60.8€¢ [L9.10| 1.800| 2.050 1.933| 2.197|68.27| 49,76
1.40| 51.0€|Le.04| 1.880| 2.077 .007| 2.240|68.01| 49.56
1.60[51.2¢[18.96| 1.853| 2.117 2.090) 2,290{67.75| 49. 36
1.80( 51.4€|lo.a8| 2.033| 2.160 2.160] 2.333(67,.49| 49.16
2.00[51.6¢|18.82| 2.100| 2.200 . 2.303| 2.417|66.95| 48. 76
2.40{ 62,06 | L8.68| 2.237| 2.273 . . 2.447| 2.500]66.41| 48. 36
2.80| 52.4€|18.54| 2.577| 2.550(65.4C| 46.86 || 3.20| 54.36[17.92] =.580] 2.582| 65.88| 47.98
3.20( 62,56 | L8.42| 2.507| 2.420(|64.88| 46.46 || 3.60| 64.76|17.78] 2.720 2.667|65.38| 47.56
3.60| 53,26 | Lg.28| 2.637| 2.487|64.35| 46.08 || ¢.00| 56.16[|17.67| 2.863 2.740|64.63| 47.16
4,00 55.6€|18.16| 2.773| 2.660(63.92| 45.66 || 4.60| 55.86(|17.50] 3.0253 2.830|64.16]| 46.66
4,50| 54 .16 | L7 .99 2.927| 2,640|83,1E| 45.18 5400 56,16 1735 3.197| 2.927|63.61| 46.16
5.00| 54.6€ [ L7.82| 3.087] 2.720|62.48| 44.86 || 5.80| 56.66|17.18| 3.370| 3.020|62. 86| 456.66
5450/ 55.1€ [ L7.87]| 3.260| 2,803 |61.83 44.28 || 6.00| 67.16|17.03| 3.567| 3.127|62.18] 45.18
6,00 55.6€ [ L7.50] 3.440| 2.897|61.16 43.86 || 6.60| 57.66|16.87| 3.760| 3.223|61. 63| 44.86
6.50| 56.1€ | L7.38] 3.610] 2.983|60.51| 43.16 || 7.00| sa.16|16.71| =.943| 3.323|60.87] 44.28
7.00| 56.66 | L7.18] 3.793| 3.070|59.58| 42.66 || 7.60| Ee.66|16.56] 4.183| 3.430]/60. 22| 43,86
7.50| 57,16 | t7.05| 3.087| 3.160|58.19| 42.16 || 8.00| 59.16(|16.41| 4.347| 3.533(69.67|43.16
8.00|57.6¢|6.87| 4.170| 3.247 |5e.52| 41.86 || 9.00| 60.16 16 .11 4.730| 3.723|s0.27|42.16
9,00/ 68.86| L6.56| 4.530| 3.410|57.22| 40.68 || .0.00| 61.16[15.81| s.180| 3.947|66.97] 41,16
10.00|69.66 | LB. 26| 4.943| 3.590|56.92| 39.66 || .1.00| 62.16|15.51| 6.883| 4.190|56.67|40.18
11.00[60.66| L5.96| &.400| 3.787 [64¢.62| 38.86 || 12z.00| 65,16 115.21| 6.213| 4.433|54.37] 39.18
12.00|61.66 | 16.66| 5.877| 3.980(63.52| 57.66 || .3.00| 64.16|24.95| 6.807| 4.700|53.08|28.16
13.00(62.66 | 16.36| 6.4123| 4.190(62.02| 36.66 || .4.00| 65.16 [14.66| 7.440 | 4.977161.81|37.16
14.00|63.66| .5.07] 6.993] 4.420(50.73| 35.66 || .5.00| 66.16|14.38| 8 147 5. 273 60.54|36.16
15,00| 64 .66 4.643 |40.45| 54.66 || .6.00| 67.168[14.10| s8.890 5.573 49.26|36.16
16.00|65.66| .4.51| &.273| 4.973|48.17| 35.86 || 7.00| 68.16[15.82| 9.733 6.900 £7.98|3¢.16
17.00|66.66 | .4.24| 9.023| 5.120(46.90| 52.68 || .8.00| €8.16|13.56| 10. 640| 6. 243 |46.72| 33.16
18.00|67.66( .3.96| 9.800| 5.377 |45.62( 31.86 || .9.00| 70.16|13.28| 11.613|6.683 |45. 44| 32.18
18.00|68.66 | .3.69| 10.680| 5.653 |44.35| 50.66 || :1.00| 72.16|12.76| 13.893| 7.325 [42.01] 30.16
21.00|70.66| .3.15| 12.693| 6.240 |41.81| 28.66 || '3.00| 74 16|12.24| 16.723]| 8. 167 |40. 40| 28.16
23,00|72.66| .2.62| 15.183| 6.887 |39.28( 26.668 || !5.00 | 76.26[11.72| 20. 190| 8. 103 |37. 68| 28.16
26.00|74.66| .2.11| 18,200| 7.600 |36.77| 24.66 || .00 | 78.16|11,23| 24 607|10.140|26.39|24.16
27.00|76.66( .1.80| 21.960| 8.577 |54 .26 | 22.86 || !9.00| 80.16[10.74| Bo.96 |11.30 |32.90|22.16
29.00(78.86| .1.10| 26.553( 9.160 |31.76| 20.66 || 1.00| 82. 16 |10.26] 36.67 [32.67 [30.42|20.18
31,00|80.66 .0.61| 32.20 |10.04 [29.27|18.86 ||:3.00( 84.18] 9.77| 46.37 [13.97 |e7.93|18.18
5$3.,00|82.66 | .0.16| 39.47 |10.96 |26.8116.66 || i6.00| @6.16 9.32| 66.88 [15.38 |26. 48|168.18
55400|84.66| §.66| 48,15 (11.83 |24.32| 14.66 7e¢D0 | 88.18]| 8,84 | 68,87 [16.77 |23.00]|14.18
37.00|88.66| 9.20| 89.91 |12.70 [21.86|12.66 || i9.00| s0.16] e.me| B3 35 |is.18 |20 66|tie.16
56.00|88.66 | B.73| 74.92 |123.36 |15.39|10.66 || .1.00| e2.16] 7.95| 12.30 [19.45 |18.11]10.16
t1,00(90.66| 8.28| 93,92 [13.72 |16.94| 8.86 || .3.00| 94.16| 7.50| 47.52 [20.30 [16.66| 8.18
13,00 92,66 | 7.84 [121.95 |13.50 [14.50| 6.66 || .5.00( 86.16| 7. 06| ex.8¢c [20.20 |13 22| &.18
15,00 94.66| 7.39|157.95 |12.27 |12.05| 4.668 || 7.00| se.16| 6.63| 62.5 [18.1 |1c0.79| 4.16
£7.00| 96,66 | 6.95/211.03 | 8.00 | a.e1| 2.66 (| .2.00]| 00.16| 6.20| 6.2 |12.9 | s.38| 2.1e
19,00/ 68.66| 6.52[250.0 | 5«6 I 7.18| .86 |[i1.00]| oR.16(6. 7' 7| 88,0 | 1.0 | 5.93] .16

19,66(99.,32 | 6.38(306.7 | © 6.38 iLel6| 02.32| 6.,74| 097 | O 5.74] 0
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TABLE II. - OVER-ALL NOZZLE DESIGN PARAMETERS

[r = 1.40Q
*ﬁ‘nsnprw
1 2 > 4 5 1 2 3 4 S

¢ and | ¢ and |y ¥
(deg) | (G°8) (deg) (deg) | (deg) (deg)
1.00} © 0 1.0000|90.000|| 1.80]|10.362|20.725]| 1.4390| 35.749
1.02 + 083 «126]|1.0003|78.635 || 1.82| 10.652|21.304| L.4610| 33.529
1.04 «175 «361]1.0015(74.058| 1.84|10.939|21.878| 1.4836|32.92)
1.06 «318 «637]|1.0029|70.630|| 1.86|11.2256|22.450|1.5069| 32.523
1l.08 +484 «968|1.0051(67.808|| 1.88|11.510|23.020|1.5307|32.135
1.10 «668| 1.336|1.0079|656.380}| 1.90|11.793(235.586|1.5553| 31,757
l.12 «867| 1.735|1.0113(63.234|| 1.92|12.076|24.152|1.5804|31.388
l.14| 1.080| 2.160|1.0153|61.306|| 1.94|12.356|24.713|1.6062|31.028
1.16| 1.304| 2.607|1.0188(59.550|| 1L.96|12.635|25.270|1.6326|30.677
1.18| 1.537| 3.074|1.0248|57.936|| 1.98|12.913|25.827|1.6597|30.335
1.20]| 1.779| 3.558]|1.0304|56.443| 2.00|13.190|26.380|1.6875| 30,000
1.22]| 2.028| 4.057|1.0366(|55.052 || 2.02|13.464|26.929]|1.7160|29.673

l.24| 2.285| 4.570|1.,0432|53,751 || 2.04|13.738(27.476]|1.7451|29.353
1.26| 2.546| 5.095|1.0504|52.528|| 2.06|14.011|28.022|1.7750|29.041
l.28| 2.814| 5.627|1.0581|61.375|| 2.08|14.281(28.562|1.8056|28,736

1,30| 3,085| 6.170|1.0663|50.285|| 2.10|14.548|29,097|1.8369|28,437
1.32| 3.360| 6.721|2.0750(49.251|| 2.12|14.815|29.631|1.8690|28.145
1.34| 3.635| 7.279|1.0842|48.268(| 2.14|15.080|30.161|1.9018|27.859
1,36| 3.922| 7.844|1.0040(47.332|| 2.16|15,.344|30.688|1.9354|27.578
1.38| 4.,206| 8.413|1.1042|46.439(| 2.18]|15.606|31.213|1.9698|27.304

1.40| 4.493| 8.,987|1.1149|45.585 || 2.20]|15.866|31.732|2.0000|27.036
l.42| 4.782| 9.565|1.1262|44.787|| 2.22|15.125|32,250|2,.0409|26.773
1,44| 5.073|10.146(1.1379 |43.983 | 2.24|16.381|32.763|2.0777|26.515
1.,46| 54365 |10,730]|1.,1502 |43.230 || 2.26|16.637|33.274|2.1154|26.262
1.48| 5.663|11.327|1.1629 [42.507|| 2.28|16.889|33.778| 2.1538| 26,014

1,60| 5,953 |11.,906|1.1762|41.810|| 2.30|17.141|34,283|2.1951|25.772
1.52| 64248|12.495]|1.1899|41.140|| 2.32|17.391|34.782|2.2333|25.535
l1.54| 6.542|13.085]|1.2042(40.493|| 2.34|17.639|35.279|2.2744|25,300
1.56| 6.837|13.675|1.2190(39.868|| 2.36|17.885|35.771|2.5164|25.070
1.58| 7¢135|14.270|1.2344|39.266 || 2.38|18.131|36.262|2.3593|24.845

1.60| 7.430|14.860|1.2502|38.682|| 2.40|18.373|36.746|2.4031|24.624
l.62| 7.726|15.452|1.2666|38.118(| 2.42|18.615|37.230|2.4479|24.407
1.64| 8.021|16.043|1.2835|37.572|| 2.44|18,864|37.708|2.4936|24.195
1.66| 8.316|16.653|1.3010|37.043|| 2.46|19.092|358.184|2.5403|23.985
1.68| 8.611|17.223|1.3190|36.530]|| 2.48|19.327|38.655|2.5880|23.780

1,70| 8.905|17.810|1.3376|36.032 || 2.50|19.562|39.124|2.6367|235.578
1.72| 9.198|18,397|1.3567|35.549 || 2.52|19.794|39.589|2.6864|235.380
le74| 9.490|18.981]|1.5764(35.080|| 2.54|20.025|40.050|2.7372|23.185
1.78| 9.783(19.566|1.3967|34.624|| 2.56|20.254|40.508|2,.7891 22,993
1.78[10.073|20.146|1.4175|34.180|| 2.58|20.481|40.963|2.8420|22.805
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TABLE II. -~ OVER-ALL NOZZLE DESIGN PARAMETERS -~ Continued

[r = 1.400

2

S

4

5

3

4

b

¢ and
+
Ye

(deg)

Yo, ¥
(deg)

Af/At

ﬂf’ g
(deg)

2
@ ;;g
(deg)

¥y, ¥
(deg)

Ag/hy

Brs B
(Geg)

2.60
2.62
2.64
2.66
2.68

2,70
2.72
2.74
2.76
2.78

2.80
2.82
2.84
2.86
2.88

2.90
2.92
2.94
2.96
2.98

3.00
5.02
3.04
5.08
3.08

3.10
5.12
3.14
3.16
3.18

3.20
3.22
5.24
3.26
5.28

20.707
20. 93]
21.154
21.374
21.593

21.810
22.026
22.240
22.453
22.664

22.8735
23.080
23.286
23. 491
23.694

25.89
24.095
24.293
24.490
24.685

24.878
25,071
25,261
25.451
25,638

256.825
26.010
26.193
26.375
26.556

26,736
26.913
27.089
27.265
27.438

41.415
41.863
42,30
42.749
43.18

43.621
44,053
44.481
44 .90
45.352

45.74
46.18
46.57
46.98
47.38

47.79
48.190
48.586
48.98
49.370

49.75
50.14
50.52
50.90
51.27

51.65
52.02
52.386
52.750
53.11

53.47
53.82

54.179|5.3186
54,530| 6.4201
54.877| 5.5234

2.8960

2.9511

3,007%
3.064
3.1233

3.1830
34244
3.306
3.369
3.434

3.5001
3.5674
3.6359

3.7058

3.7771

3.849
3.923
3. 999
4.0763
4.154

4.234
4.3160
4.3989
4.4835
4.5696

4,6573
4.7467%
4.837
4.930
5.0248

5.1210
5.2189

22.620
22.438
22,259

7 22.08¢g

21.909

21.738
21.5
21.40
21.24
21,0882

20.9
20.77
20.61

20.466

20.318

20,171
20,027

19.885

19.74
19.60

19.47
19.33
19.208
19.074
18.94

18.81
18.694
18.57
18.44
18,328

18.210

18.093
17.977
17.863
17.751

27.611

27.952
28.120
28.288

28.454
28.619
28.782
28.944
29.105

29.265
29.973
29,5681

29.892

30.045
30.198
30.360
30.600
30.649

30.747
30.944
31.090
51.235
31.379

31.522
31.663
51.804
31.943
32.082

32.220
32.356
52,492
52,626
52,760

55.222

3.32 27.782] 65.564

56.9
56.24
56.57

56.908
67.23
57.5
57.88
58.21

58.56
58.84
69.16

29.737 59.474

59.7

60.09
60.359
€60.700
€1.00
8l.29

61..595
6l.88
62.18
62.471
62.758

63.04
65.32
63460
63.88
64.16

64.44
64,71
b4. 984
65.263
65.520

5.8286
5.7358
5.8448
5.95658
6.0687

6.1837
6.3007
6.4198
6.5409
6.6642

6.7896
6.9172
7.0470
7.1791
7.3135

7.4501
7.5891
7.7304
7.8742
8,0204

8.1690
8.3202
8.4739
8.6302
8,7891

8.9506
g.1148
9.2817
2.4513
9.6237

9.7990
9.9771
10.1580
10.3420
10.5288

17.640
17.530
17.422
17.315
17.209

17.106
17.002
16.90C
16. 796
lé.70C

16.602
16.504
16.409
16.314
16.220

16.128
16.0356
15,946
15.856
15.768

15.680
15.594
15.508
15.424
15.340

15.258
15.176
15.095
15.015
14.936

14.857
14.780
14.703
14.627
14,552

ey - ARt al

<BRE
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TABLE II. - OVER-ALL NOZZLE DESIGN PARAMETERS - Continued

[y = 1.40Q
1 2 3 4 5 1 2 3 4 5
and ¥ g @ a

(deg) (deg) (deg) (deg) (deg) (deg)
4.00| 32.892] 85.785] 10.719] 14.478] 5.50| 40.622| 81.244 36.869 [10.476
4.05|33.219| 66.439] 11.207 14.295| 5.55| 40.821| 81.843 38.281 [10.380
4.10| 33.542| 67.085| 11.715| 214.117| 5.60| 41.018| 82.03g 39.741 [10.287
4.15|33.857| 67.714] 12.243 13,943 5.65| 41.209| 82.418 41.246 (10.195
4.20(34.167| 68.334] 12.791 13.774| 5.70| 41.397| 82.795 42.796 [10.104
4.25|34.472| 68.945| 13.363] 13.609| 5.75| 41.585| 83.171 44.400 |10.015
4.30| 34.770| 69.541] 13.955 13.448 5.80 41.768 83.537 46.050 9.928
4.35|35,084| 70.128 14.571 13.290 5.85 41.950 83.900 47.754 9.842
4.40|35,353| 70.707 15.21Q 13.137 5.90 42.128 84.257 49.507 9.7568
4,45 |35.637| 71.274 15.874 12.986 5.95 42.303 84.607 51.318 9.675
4,50|35.916| 71.833 16.562 12.840 6.00 42.477 84.955 53.178 9.594
4.55|36.190| 72.380 17.277 12.696 6.05| 42.649 85.299 55.101 9.514
4.60|36.459| 72.919 18.018 12.556 6.10 42.817 85.634 57.077 9.435
4.65|36.724| 73.448 18.787 12.419 6.15 42.984 85,968 59.114 9.358
4.70|36.984| 73.969 19.583 12.28* 6.20] 43,148 86.296 61.210 9.282
4.75|37.241| 74.483 20.409 12.153 6.25 43.309 86.618 6€3.370 9.207
4.80| 37.493| 74.986 21.263 12.025 6. 43.469 86,938 65.589 9.133
4.85|37.741| 75.483 22.151 11.89¢ 6. 43.625 87.251 67.877 9.061
4.90|37.985| 75.970 23.067 11.776 6.40 43.780 87.561 70.228 8.989
4.95|38.225| 76.451 24.018 11.655 6.45| 43.934 87.868 72.647 8.919
5.00 | 38.460| 76,921 25.000 11,537 6.50 44.084 88.169 75.134] 8.850
5.05|38.691| 77.383 26.018 11l.421 6.55 44.233 88.466 77.695 8.782
5.10| 38.920| 77.841 27.069 11.308 6.60 44.379 88.759 80.323 8.715
5.15|39.146| 78.293 28.159 11.197 6.65 44.525 89.051 83,027 8.649
5.20| 39.367| 78.735 29.283 11.088 6.70 44.668 89.336 85.804] 8.584
5.25|39.585| 79.170 30.446 10.98 6.75 44.809 89.618 88.661 8.520
5.30| 39.799| 79.599 31. e4é 10.876 6. 44,947 89.895 91.594] 8.457
5.35 | 40.008| 80.017 32.893 10. 773 6. 45,085 90.170 94.609 8.394
5.40| 40.216| 80.433 34.1 10.872 6.90 45.22]1 90.442 97.700 8.333
5.45 | 40.422| 80.844| 35. 5oﬁ:10 573|s g5| 45. 555|90 71q 100.880 8.273
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TABLE II. - OVER-ALL NOZZLE DESIGN PARAMETERS - Concluded

[y = 1.40Q]
1 2 3 4 5 1 2 3 4 5
¢ and ¥ ¢ and

Me | w .t Fes A /A, Pes B Mp | wt | i ¥ Rp/h, Bes B
(dog) (deg) (deg) (deg) (deg) (deg)
7.00(45.487(90.974[104.143|8.213| 8.50[48.786] 97.573[251.086]6.766
7.05|45.618[91.237[107.492|8.155 | 8.55[48.878| 97.757|257.974|64717
7.10(45.746|91.492|110.931|8.097| 8.60[48.969| 97.938|265.014|6.677
7.15(45.873|91.746{114.459|8.040 8.65|49.059| 98.118|272.2116.635
7.20/45.999[91.999/118.080[7.984 (| 8.70[49.147| 98.294|279.567]|6.600
7.25(46.122|92.244)121.794|7.928 || 8.75|49.234| 98.469(287.084|6.56%
7.30(46.245|92.491|125.605(7.873| 8.80]|49.321| 98.643[294.766(6.525
7.35/46.365(92.731[129.513|7.820| 8.85[49.407| 98.814[302.615|6.488
7.40(46.485 92.971153.520|7.766 || 8.90[49.491| 98.983]|310.633|6.451.
7.45(46.603]|93.206|137.629|7.714 || 8.95|49.576] 99.153[318.823|6.41.5
7.50[46.720|93.441|141.842|7.662 | 9.00/49.660] 99.320|327.190(6.379l
7.55(46.835|93.671|146.159|7.611 || 9.05/49.741| 99.483[335.733|6.344
7.60/46.949[93.898[150.585|7.561 | 9.10(49.823| 99.647|344.458(6.3509
7.65(47.061]|94.122|155.120f7.511 || 9.15]/49.904| 99.808[353.360(6.274
7.70(47.172|94.345/159.770|7.462 || 9.20/49.983| 99.967|362.463 [6.240
7.75|47.283|94.567[164.527|7.414 || 9.25(50.063|100.127|371.749]6.2086,
7.80(47.391]|94.783/169.403|7.366 1 9.30/50.141]100.282|381.228(6.175
7.85(47.499|94.998|174.418|7.319 | 9.35[50.219|100.438|390.902(6.140
7.90(47.604]|95.209|179.621|7.272 || 9.40(50.296 |100.591|400.775 |6.107
7.95[47.708(95.417|184.744]|7.226 || 9.45]|50.371[100.742|410.851|6.074
8.00(47.813|95.627[190.109|7.181 || 9.50(50.445|100.891 |421.131 |6.042
8.05(47.916/95.832[195.597]|7.136 || 9.55[50.520 [101.041 |431.620 |6.011
8.10|48.016|96.033|201.215|7.092 | 9.60|50.594 |101.188(442.322 [6.979
8.15|48.117(96.234|206.964|7.048 | 9.85(|50.667|101.334[453.236|5.948
8.20[48.215(96.431]212.846|7.005| 9.70]50.738]101.476|464.370|5.917
8.25(48.312(96.625[218.865(6.962 | 9.75(50.811)101.623475.725(5.887
8.30(48.410(96.821|225.0226.920 || 9.80(50.882|101.764487.304(5.857
B.35(48.506/97.013]|231.320[6.878 || 9.85|50.951 |101.903 [499.112 [5.827
6.40(40.599(97.199]237.763]6.837 || 9.90[51.021]102.042 511,152 |5.797
0.45(48.694[97.388|244.350]6.796 || 9.95[51.090 [102.180 |623.425 |5.768
10.00 (561,158 [102,317 |635.938 [5.739

R v
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886

Streamline

(a) Expansion waves represented by & finite number
of characteristics.

Alr flow Zone 1
——

(b) Wave pattern formed by interaction of two
expansi on waves, )

Figure 2. - Schenatic representation of expansion
waves by characteristica.
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i ----Discarded characteristics

23

(c) Kernel formed front kernel ecorresponding to

(d)

hi gher Mach nunber.

Suppressi on of expansion wave by bending wall

Figure 2. - Concluded. Schematic representation of

expansi on waves by characteristics.
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(a) Kernel.

LS\

-
kT i
(b)Wave pattern and wall contour.
Figure 3. = Conplete wave pattern and wall contour of

graphically designed nozzle with sharp-edge throat.
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(a) Conventional devel opnent.

(b) Averagi ng devel opment.

Fi gure 4. - Developnent of wall contour from bounding
¥t characteristic of kernel
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'f+ for M=4,30 : xstreamline

Figure 5. = Method of determining bounding characteristic
¥s* for a desired Mach number Prom a known adjacent
characteristic.
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Ratio of nozzle length to test-section height, L/As

/

/

/

2 4 6 8 10
Final Mach number, M

Figure 6. = Length of sharp-edge-throat nozzl es.



