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DESIGII DATA FOR GRAPHICAL CONSIWJCTIOB OF .\-TWO-DlXfZNSIOlYALSJiARP-EDGE-THROAT  SKWRSOMC~OZLES ; _
By Harold Shames and Ferris L. Seashore

.
R&ease date December 2., 1948

In table 1 page 13, the p (column 3) value for 4"' of .46
should be 19:s instead of 19.90.

The z values (column 5) for $' 43.00, 45.00 and 47.00
AtI2

should be 7.73, 5.77, and I.80 imtead of 3.87, 2.88, and .90.
NACA-LmgIey - 4-17-w -560
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ByHsroldShemeeandFerrisL.Sea&ore

Deeis data are presented for the gra@lioal constru0tion of
two-diumnsional sharp-edge-throat superscmio nozzles of minimum
length for test-se&ion I&oh numbers from 1.20 to 10.00. The
method of characteristios  used in the desm 18 briefly reviewed.

A general disoussion of the ~ivsthod of charaoterietios as
applied to supersonio-nozzle  design is given in reference6 1 to 3.
The applioatlon of the method of characteristics to the design of
minimum-length sharp-edge-throat nozzles is descrfbed  in reference 3.

By maam of charts and tables preeented herein for deei-
such nozzles using an expansion "kernel," nozzle-waU. contours for
wind-tunnel teat-section Mach numbers from 1.20 to 10.00 may be
obtaFned with a minimum of graphical cmnstruotion. The prinoiplee
of the I&&hod of oharaoteristics used in the design are reviewed.
The nomenclature of referenoe  lwas found to be more oonvenient
than the speed-index or pressure-number systems of references 2
aud 3,and is therefore used inthisreport.

SYMBOL8

Thefollowing symbolsare used inthisreport:

sp area of nozzle bearing uuiform flow at Mf (equal to height
for nozzle of unit tidth)

At; area of nozzle at throat (equal to height for nozzle of unit
width)'
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length of nozzle from throat to test section

length of kernel

Maoh number

finalN3ohnumber

absoissa of point of interseotion  of $f+ oharacteristic
with I)' cha3aoteri6tic

ordinate of point of interseotion  of JIf- charaoteristic  with
Jr- characteristic

angle UP wall to nozzle axLs

Msoh angle, ein'l L
( >M

finalbWh&mgle

ratio of speoific heat at constant preseure to specifio heat
at constant volume

angle of inolination of etreamline to nozzle axis

angle that Jr+ &zraoterietio makes with x axie (a - e)
(A+ is positive number when drawn below horizontal)

angle that $' oharaoterietic  makes with x axis (a + 6)
(A' Is positive number when drawn above horizontal)

angle of corner in wall at nozzle throat

equivalent Praudtl-Myer turning angle

oharaoteristioe  (Mach wavee) originating at upper nozzle wall

oharacteristios  (&oh waves) originsting  at lower nozzle wall

value c& $I at nozzle exit

downstream oharaoteristic  bounding exganeiou wave originating
at upper nozzle wall

down&ream uharaoteristic  bounding expansion wave originatiug
at lower nozzle wall
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System of Characteristics in Sharp-Edge-Throat Eozzles
- -

A two-dimensional nozzle with a sharp-edge throat is shown
in figure 1. The increase in flow &ch number with displacement
downstream of the throat is obtained from the system of expansion
waves generated at the angular turn of the wall at the nozzle
throat (fig. 2(a)). The erpansion waves, as shown in figure 2(a),
turn the flow toward the adjacent nozzle wall dawn&ream of the
corner with a consequent increase in stream-tube cross-sectional
area and Maoh number. The sys,tem of expassion waves from each
corner is identical with that developed in an infinite uniform
sonic flow c&rained to flow around a sharp corner in a single
two-dimensional wall. The solution for this case is discussed
in reference 4. The erpansionwavesare  propagated  into the flow
along straight lines radiatingfrcmthe  corner inthe caseforthe
flow along only one wall in an infinite flow. Along any given
radial line, the flow direction, the &oh n&r, and the physical
state of the gas is the aanr3 for all points on that line (fig. 2(a)).
Each of these radial lines canbeass~an~ber  indegrees or
radians thatcorrespondstotheangukrdeviatioPof  the flow
crossing the line from the direction of the undisturbed  sonic flow.
A line so numbered Se called a cticteristio. The angular devia-
tion of the flaw between two characteristics is equal to the dif-
ference of the embers aseigned to these chsracteristics.  At each
characteristic, the flow makes the Mach angle B = sin-l l/M with
the characteristic. The characteristics are therefore coincident
with the Mach lines in the flow.

Tire separate walls in the flow (fig. 2(a)) result in two
separate systems of intersectingeIpaPsionwaves  or¶.ginatingat
the respective wall corners. If the characteristics fraaa the upper
and lower walls are designated \Ir+ and Jr-, respectively, every
point in the flow traversed by both erpaasicn waves is crossed
by a cheracteristicfromthe upperandlowerwalls. Because of
the eimultaneous influence on the flow of the expansion waves from
the corneronthe upperandlowerwalls inthe zone c-ntoboth
sets of waves, the characteristics are curved to lnaintain the Mach
angle with the flow (zone I, fig. 2(b)). The characteristica  are
straight in zones occupied by only one set of e-ion waves
(zones II and III, fig. 2(b)).

By means of the characteristics in zones II and III, the
graphical construction of the nozzle-wall contour required to
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give wave-free flow in the test section can be msde. Tables I
and II provide the info=tion for obtaining the chamcteristics
in zones II and III without 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 following section.

Developnt af &me1

BSrcmreferences  2 and4, the value of the flowMachnumWrat
a point in the flow,crossed  by characteristios  having values of Jr+
and $', respectively, is given by

qhlJl++JI-t ~tan-l&++~~
d-

4

i--

(1)
r+l
Y-3.

lzle flow direction with respect tc the nozzle axis is

*=JI+ -9’ (2)

For an isentropic flow of known uniform total preesure and
temgemture, the flow at any point is completely specified by the
local values of the intersecting pair of characteristics.

A wave pattern for a pair of opposite ccmers at the nozzle
throat ie established by dividing the wave emitted by each comer
into a convenient number of characteristics, and by determining
the resulting wave pattern due to the interaction of both sets of
waves by means of the foregoing principles; that is, the local Mach
number is given by equation (l), the flow direction is given by
equation (2), and the local Mach angle is determined from the
relation p = sin-11/M.

The resulting system of chamcteristics in the zone of the
flow traversed by waves from both comers (zone I, fig. 2(b)) Is
shown schematically in figure 2(c). Such a pattern is called a
kernel. In order to obtain the tables giving the pertinent
design parameters for sharp-edge nozzles ranging in test-section
Maoh number from 1.20 to 10.00, a kernel was graphically developed
for two opposing comers of equal angle (51.160) corresponding to
M = 10.06 at the teat section with the following increments in
Jr+ and $I-:

.
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f\tr+ -Jr- v and Jr-limitI inoz%mmts
b&d

0 - 0.01
.Ol - A.9
.l9 - .37
.37 - 1.00

1.00 - 2.00
2.00 - 4.00
4.00 - 8.00
8.00 - la.00

19.00 - 51.16 1 2.00

0.01
.03
.06
.09
.20
A0
S O

1.06

Inthe range oflowvaluesof  *+ and *-, where the uunstruc-
tion is sensitive to mall changes in these values, small increments
in $I+ and Jr' were used, as indicated inthe preoeding  table.

Eecause the oorners at the noeele throat were ohosen equal, the
resultantwave  pattern is symetricaland onlythehalf above the
nozzle axis need be considered. Thewave patternatany point in
the kernel is not inf'luenoed by the wave pattern downstream of that
point. Consequently, the kernel for any corner less than the Ioar-
imum of 51.16O can be obtained from the kernel for 51,16O by negleo-
ting the oharacteristios  of value greater than the desired corner
angle. This principle is illustrated in figure 2(o).

(fig.
The bounding cbaracteristio  selmxating zone Ifromzo~lg II
2(b)) is desigzzated as Jlf+.

the *-
The pointa of intersection of

characteristics with the ef+ c9lalx%cteristio,  and the
slopes of the Q- characterietios  at these points, are all that
is required to determine the nozzle contour.

The constructed kernel for M = 10.00 provided data for the
design of nozzles for finaltioh numbers Mp from 1.20 to 2.00 in
increments of 0.20 and from 2.00 to 10.00 in increments of 1.00.

The coordinates (* *) of the points 'of intersection of
the bornding characteristic Jrf+ with the Q' characteristios  are
tabulatedwithotherpertinentdata intable I.

ForMachnumbers  up to4.00,akernslof  l2-inchhalf  throat
height At/2 was graphically developed and for Maah numbers from
5.00 to 10.00 a half throat height of 6 inches was used. For the
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g-inch kernel, however, the scale was reduced at intervals as the
height of the kernel increased in order to maintain the construction
within the physical limit of the drawing board. This male reduc-
tion accounts for the decreasing nuuiber of deaimal places for the
coordinates in table I in the highMachnumberrange. TUI-d.Dg-
sngle increnmnts in Jr+ and JI-, as given in the preceding table,
were used for both kernels. Construotion  was performed with a
drafting lllachine  capable of setting to f2.5 minutes.

Wall Contour

An expassion wave incident on a channel wall will, in general,
require that a secondary wave be emitted at the point of incidence
in order to keep the flowsgainstthe wall. If the wall is ourved
in the way a streamline would be turned under the iufluence of the
incident wave, however, no secondary wave arises to keep the flow
alcmgthewall. This method of suppression of eecondary waves is
the prinoiple used to obtain uniformwave-free flovinthe test
section. The ~~ioaloonstruotionlslaequired tolooatethe
point 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 = A$-

or for the lower wall,

ha= A$+

(34

(3b)
where Aa is the required ohange of wall inclination. The aocumcy
of the wall contour obtained improves as the nmber of &aracteristics
drawn to represent the inoident expansicm wave is imreased.  Only
the upper nozzle wall need be developed if the nozzle is synmmtrical
about the center line.

symnetriti two-dimensional sharp-edge-throat nozzlea are pro-
duoed bymaking the angle of theturnatbothwallsatthethroat
equal in mgnitude. If cp represents the augle of turn for the
upper and lower walls, the downstream charaoteristics  Jlf+ and
Qf' that bound the respective expansion wavea will have this value.
Because of the symxmtry of the wave pattern about the nozzle axis, a
JI+ &aracteristiu will intersect a $I' characteristic of the same
magnitude at the nozzle axis. In particular, the $f+ and J,,'
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characteristios  intersect on the nozzle axis <fQ. Z(c)). 5 flow
alongtheetre~eanthenozzleariswillhsvethefiaal~ah
number Mf at the intersection of these bounding oharaoteristios.
From equation (l),

ef+ +Jr,- f-djf +sn-’ “72 - ta&&c

Becauee Jrf+ and qf- are equal in magnitude
angle throughwhiohs&hwallisturnedatthe

and represent
throat,

.

Qf
cp = Jlf+ = 3rf' = 2 = z 7-1l+an-l~Mpy-l _ tan-l+f2-l (4)

215

Equation (4) gives the value of the wall angle at the throat that
corresponds to the desired test-seotion Mach nmber Mp. 5se values
are presented in table II, colusns land 2.

Themethod of using the kernel that is mhematical3.y  shown in
figure 3(a) to obtain the nozzle-wall oonteur of two-dimensional
sharp-throat nozzles of minirawn length (fig. 3(b)) is illustmted
by application to a specifio problem. Assume that it is desired
to design a nozzle of this olaes with a test-section b&ch nustber
of 4,.00  and a throat height of 6 inches.

The throat-cornerangle cp and thevalue of the downstream
bounding characteristics Jlf+ are obtained fxm equation (4) or
table II, colunrn 2,with l&f equal to 4.00, ooluma 1:

rp AIf+ -Jr,- = 3 2 . 8 9 0

The wall co&o& is obtained by plott+g the zone II oharaoteristics
ofthe Jr' set (fig. 3(b)), whi& are straight lines that make the
angle A' with the nozzle axis at the intersection of the JI-
&aracteristics  and the bomding chara~teristio  Jrf+. All that is
required to obtain the zone II Blot are the coordinates  of the points

.
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of intersection of the *,'
oharacteristio  Qf+

set of &araoteristics  with the bouuding
and the local slopes A' of the @' oharao-

teristics. Columns 4 and 5 of table I give the coordinates of
intersection in terms of the half throat height A,$ and oolum 6
gives the angle of inclination A' of the JI- oharacteristio at
the intersection. For emmple, the $- = 12.00° oharacteristio
intersects the qf+ charauteristio  at 0 3.453 and

&

*
- = 1.256, which gives I - 10.359 and y = 3.768 for a nozzle

of 6-inoh throat. me inolination of the JI- oharacteristic  in zone II
is h' = 42.14O. The oommplete plot of the zone II &aracteristios
has the form schematically  illustrated in figure 4(a).

Cokmtruotion  of the nozzle wall starts at the nozzle throat
with a straight-line segment ab (fig. 4(b)) that makes the angle
with the nozzle axis q P 32.89O, vhich was previously oomputed for
Mf = 4.00. At the interseotion of the nozzle wall with the first

3r' 0haraoteristio  (ql' = O.Olo), the inclination of thewallis
reduoed acoordiug  to equation (3a) by au aunt (%' - $o') oorres-
pondingtothe  angle throughwhi&theflowistmned  olookwise by
the expansion wave between JlO' and JI'. As previously disoussed,
no wave emission occurs at the wall turned in this way. A t  e v e r y
interseotion of the wall with a charaote~istio, the wall inclinatim
to the nozzle axis is reduced by thezangle of turning produced by
the wave between \CIn- and JImnol. 5 angle of the wall a at
eaoh ohamoteristic is given in table I, column 7. For errunple,  at
point b, JI' P 0.010 and a P 32.88O; similarly at point o,
w = 0.040 and a = 32.65O. Whenthe sequence of stmight-line
segmntsrepresentingthenozzlewalliscontpleted,a  smoothcurpe
approximating the shape of the sequence of straight lines is taken
as the effeotive nozzle-wall oontour. 5 8COlJZ’&~yOf the final
wall oontour inareases with the nmber of charaoterlstioe  used to
represent the expansion waves from the wall uorners at the nozzle
throat.

An averaging mthod for attaining a oontour that is closer
to the true oontour will be desoribed for a nozzle with a test-
se&ion Maoh number Mf of. 4.00 as an example, as shown in fig-
ure 4(b). Ae before, oonstrmtion starts at the nezzle throat with
a straight line ab mking the oomeranglewiththenozzleaxL8
(VP= 32.89O). Link ab is then bisected by point 0, and line cd
is drawn at the wall angle a o 32.68O, oorresponding  to JI' E O.Ol",
(table I, cmlmn 7) until it interseote the $' = 0.04O ohanxoterietio.
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Point B, the wall coordinate point lying along rlr- = O.Ol", is
located by the intersection of line od and JI- = O.Ol". Line Bd
is then bisected by point 8, and line eg is drawn at the wall angle
a = 32.85O corresponding to $- = 0.04O. Point D is located by
the intersection of line eg and JI- = 0.04o. The preceding process
is continued until the design is complete. The nozzle contour is
taken as the smooth curve through points a,B,D, . . ., sent
to construction lines ab, od, eg, . . . .

The test-sectionheightof thenozzle (numsricallgeq~lto  &IY
which is obtained by either of the graphical processee described, *
should be related to the throatheightbythe expression

These area-ratio values are presented in table II, column 4. For

example, for bif = 4.00, -= 10.719.
At

The design of a nozzle that has a Mach number intermediate between
values given in table I requires the determination of the shape of the
Jlf+ charaoteristic of the kernel corresponding to the desired mch
number. This designisaccor@ished  by using the coordinates of the
Jlf+ characteristic given in table I that are closest to ths desired
Mach nuziber and then establishing by construction the points of inter-
section of the \trf+ characteristics that correspond to the desired
Machnmiberwiththe~- chsxacteristics, as shown in figure 5. For
example, the kernel for W = 4.30 is established  with the kernel for
M = 4.00 as a base.

The bo&ding characteristic $f+ and the zone II plot of $ -
characteristics for Mp ='4.00 are established as previously
described. These characteristios  are dashed in figure 5. 5
bounding characteristic  and the zone II plot of $- character-
istics for Mp = 4.30 are established according to the following
procedure:

The value of the bounding charaoteristic Jrf+ for Mf P 4.30
is obtained from equation (4) or table II, colmun 2, (Jlf+ = 34.77O).
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5 angle that the $f+ ahamoterlstio  rakes with the nozzle axis
at any po&nt is designated JI + (fig. 5) and is detsmined by the
relation

wnere p isthsMmhangle determined bythelooal~chnunker
oorresponding  to the looal equivalent Prsaidtl-Msyer turning angls Jl,
given by equation (l), and 8 is ths angle 09 tiolination of the
flaw to ths nozzle axis, given by equation (2). (Hots that positive
values of A+ are drawnwithanegativs  slops.) T!husatpointA
at the throat (fig. 5):

from equation (l),

\cI =*++\cI- = 34.77 + 0 = 34.770

frcun table SI, oolums 3 and 5, for JI = 34.77,

8 = 25.53'

from equaticm (2),

8 =\lr+ -I)' P 34.77 - 0 = 34.77O

Conssquently,

A+ = j3 - 8 = 25.53 - 34.77 = - 9.24O

5 negative sign indicates that A+ is drawn with positive slops,
as shownatpointA of figure 5. 5 bounding Jli+ aharaoteristio
Is &mm at ths angle h+ = - 9,.24O, untfl it intsrssots ths fir&
I#- uharacteristlo  QcI' = O.Ol" at point B. At point B the new A+
value for $f+ is determined by repeating ths aforemntioned  pro-
oedure using v = 34.77' and 3( - = O.OlO. The Jrf+ characteristio
isdrawnatthisnsw~+ value until it intsrssots ths next -
sharaoteristio  $- = O.oBO. 5 slope of the Jr- Yshamuteri 10 at
point B, A-, is determined by the relation (fig. 5)

A’ =p+e (7)

tith ths sam values for p and 8 as wers used to determine A+.
InthiS manner the entire cone II plot of JI- &araoterlstios  Is
obtained for Bif = 4.30.



.

.

.

3IAcAR24No. E8JY.2 ll

The wall contour is then developed by the method previously
described for Mf = 4.00. The entire prooedureis expedited if
columns 1 to 3, 6, snd. 7, cp and $f+, of table I, and AC sre
determined for the @f+ characteristic for M = 4.30 before the
drawing is initiated.

Nozzle Length

5 nozzle length from the thrwat to the test se&ion may be
caloulatedfromthe leqthofthekerneland  the projectionof the
last characteristic azi the nozzle axis, as ahawn in figure 3(b).
5 projectionmaybe determinedframthefinal~changle and the
final area ratio. 5 expression for the ratio of the nozzle length
to the nozzle test-section height

is plotted in figure 6 for l@ch numbers up to 10.

IleM.8 Flight Propulsion Iabora~,
I?ational Advisor;g  Corszittee for AeropButics,

CleveU, cmo.
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TAEUE I. - DETAm HOZZLE DESLM rr-IIS
b = 1.4Oq

4I a 3 4 8 6 7
I' 1 p x J 5- 0
3.d bd (dog) Ilt/rz AT (dog) (dog:

1.567
.5m
.6oC
.622
.643

:Ei
.694
.7Os
.73a
.764
.787
.810
.822
.867
.sos
.934
.QBs
.ssa
..022

::%i
..115
..145
..172
e

& (dig) (d&lI -II I I I I I
He, 1.20; ? rnd 'Ii+, 1.800

A

0 1.80 62.81 0
.ol 1.81 62.87 .a13
.04 1.84 62.72 .277
.07 1.87 62.58 .306
.lO 1.80 62.46 .328
.13 1.83 62.32 .343
.16 1.86 62.18 ,566
.lQ 1.88 62iO5 .368
.86 2.05.61.78  .386
.31 2.11 61.52 .404
.37 2.17 61.28 .417
.46 2.26 60.88 .433
.l55 2.35 60.63 .I46
.64 2.44 gO.18 .463
.73 2.S3 69.84 .476
.82 2.62 58.60 .487
.Sl a.71 68.18 ,488

1.00 2.80 58.86 .507
1.20 3.00 68.18 .527
1.40 3.20 57.57 .543
1.60 3.40 56.88 .s69
1.80 3.60 66.40 ,574

l-.ooo -
.614 64.64
.600 64.4s
.448 64.3a
.dCle 64.15
.380 63.89
.367 63.82

I

,336 63.66
.305 63.35
.274 68.01
.263 62.71
.223 62.23
.lQ8 61.78
,176 61.34
-156 60.81

,
L

I

/

0.31 7.81 4 .41
.37 7.87 47.38
.46 7.86 47.17
.55 8.05 47.03l-r.64 8.14 46.89

1%
t.g ft.;!

.Sl 8:41 46147

Ez . .i-70 tz%

1.5aSi54.6Oi  7.11r

:
i

1

i

I

I
I
I
I
I
I
I
I
I
I
I
I
I
I

' (,
I
1
,
I

1
I

I

C

;506 64;46 7.1:
.488 54.21
.471 53.98

;.OJ

.I54 53.75 6:eC

4; ;yg 6.55
.37s 52:SS 6.5C

.a53 61.83 8-E

.333 51.33 5:QC

.Sl5 60.84 6-7c

m
1.79
1.7e

::2
1.67
1.64
1.61
1.55
1.40
1.43

::z
1.16
1.07
.88
.8Q

:Z
.40
.a0
0

1;to
1.60
1.80
2.00 .300l50.351  z:si

.268ltQ;421  6.1C

.23Q 48;48 4.7c

.2l3 47.68 4.X

.lSO 46.70 S.QC

.167 45.80 S.SC

.142 44.72 3.00(I(.117 43.65 2.50

.OSS 42.60 2.OC

.087 41.55 l.w

.045 40.63 1.00

.022 39.54 .M
I 38.54y+, 1.40; q and Fr+, 4.5OO

5 14.Ei 153.89 I
.a51
.a35
.368
,387
.417
.43!?
.447
.469
.481
:IX$
.547
.564
.5eO
.584
.608
.620
.646
.667
.687
.706
.722
.752
.783
.808
.832
.868
.880

..kOl---I 4.50
;688 58.46 4.48
.607 58.35 4.46
.567 68.25 4.43
.636 58.15 4.40
.613 68.05 4.37
.485 67.94 4.34
.477 67.84 4.31
.452 57.83 4.86
.427 57.42 4.18
.407 67.21 4.13
:$g g;-g 4.04
.342 56:32 ;*g
.3a5 66.03 3177
.308 56.74 3.68
.293 55.45 3.50
.279 65.16 3.50
.252 54.86 a.33
.2a7 53.93 3.10
.206 53.33 2.80
.185 52.75 2.70
.167 62.16 a.50
.133 51.05 2.10
,101 49.94 1.70
.075 48.26 1.30
.a50 47.85 .QO
,026 46.23 .SO

46.57 0
rr+, 7.500

-Ir*. 10.350.Ol 4:51 53;97
.04 4.64 53.89
.07 4.67 63.82
.lO 4.60 63.75
.lS 4.63 63.68
.16 4.66 53.60
.lQ 4.68 53.53
.25 4.76 53.30
.31 4.81 53.23
.3?
.46

4.87
4.86

63.08
52.87

.55 5.06 52.66

* -
L.OW -- 10.36
.7QO 54.04 10.35
.725 53.97 10.32
.597 53.90 10.29
.675 53.S3 10.26
.659 63.76 10.23
.646 53.70 lo.20
.633 53.63 10.17
.615 53.50 10.11
gg ii.;; 10.05
.567 53104 ;:z
.650 52.84 Q.81
.S35 52.64 9.72
.622 52.44 9.63
.SlO 62.24 9.54
,488 62.04 9.46
.4ee 51.83 9.36
.467 51.39
.447 50.86

98.;:

.430 50.53 8:76
:E ii.;; 8.56

,371 48:82 Ei
,345 47.98 7.56
.321 47.15 7.16
.300 46.33 6.76
.277 45.54 6.36
.254 44.54 5.86
.231 43.57 5.36
.208 42.62 4.66
.183 41.66
.162 40.72

4.36

.lSS 39.78
3.86

.117 38.86 X:E

.ofn 37.95.055 36.15

.012 34.40
:I::
.36

I 33.76 0

0
.Ol

1;
.lO
.13
.16
.lQ

g

.46

.55

.64

.73

.82

.91

i:E

11-2
1:eo
2.00
2.40
2.80
3.20
3.60
4.00
4.50

i:;

6:50
7.00
7.50

:*%.

z%

10.81 43,Cci .622
11.00 42.82 .704
11.09 42.81 .7a5
11.16 42.70 .723
11.27 42.59 .76Q
11.36 42.47 .777
11.56 42.23 .811
Il.76 42.00 .84l
11.86 41.77 .867
12.16 41.54 .892
12.36 41.31 .93.2
12.76 40.86 .867
19.16 40.42 .887
13.56 38.98 1.034
25.86 39.67 1.067
14.36 39.18 1.102
14.86 38.68 1.137
15.36 38.21 1.176
16.86 37.76 1.2oB
16.36 37.30 1.247
16.86 36.86 1.282
17.36 36.42 1.315
17.86 36.00 1.360

r,, 1.60; 9 ant

II3 C
L 1 I

*



N A C A  R M  N o .  E8J 1 2 I 3

TAxIa I. -~TAIImIOzzLEDgsIQFlPNumTE25 - Contlnuad
[r = l-4

1 2 3 4 5 1 6

& Cd&, (d:g) & $k &

2.00 26.86 29.71 1.298 0.858 62.58
2.40 27.28 29.48 1.368 .850 61.98
2.80 27.68 28.24 1.434 .842 61.32
3.20 28.06 28.01 1.496 .833 60.69
3.60. 28.46 28.78 1.665 .826 60.07
4.00 28.88 26.56 1.616 .81S 49.44
4.50 28.38 28.29 1.678 .810 48.67
5.W 29.88 28.03 1.746 .800 47.91
6.60 30.38 27.75 1.812 .792 47.13
6.00 SO.88 27.47 1.883 .760 46.35
6.60 31.36 27.22 1.949 .77145.60
7.00 31.58 26.96 2.016 .761 44.04
7.60 32.38 26.71 2.085 .750 44.09
8.00 32.86 26.46 2.147 .738 43.34
9.00 33.88 26.97 2.281 .717 41.23

LO.00 34.86 26.48 2.417 .693 40.37
ll.00 35.88 25.04 2.564 .667 36.82
l&W 36.86 24.69 2.695 .638 37.47
13.00 37.66 24.12 2.835 .611 36.00
14.00 38.86 23.69 2.962 .578 33.57
15.00 38.88 23.27 3.138 .543 33.16
16.00 40.88 22.85 3.268 .508 31.73

~~~,tlfli.Pi~~~

yf, 4.00; Q and If+, 32.8-G”

&xl (ded (de81 q ‘L&3 (dog) (dtg)
-IYpl=p[s-l

x ,
f

2.00; Q ad ff+* 13.w

I -m-s- 15.18
13.18

E:E
13.08
13.06
13.03
13.00
12.84
12.88
12.82
12.73

Et
12.46
la.37
12.28
12.19
ll.89
11.79
11.68
11.39
11.18
IO. 7s
10.38
9.98
8.69
9.19
8.69
6.18
7.68
7.19
6.68
6.18
6.69
5.19
4.19
1.18
2.19
1.18
.lS

0

E:E

E%
24.78
24.75
24.72
24.68
24.63
24.57
24.51

E-E
24: 24
24.l5
24.06
23.87
23.89
23.6s
23.48
23.28
23.w

40.36 0 Low
40.36 .345 .824
40.36 . .448 .T70
40.31 .486 .746
40.27 .539 .728

Z:F2 :662 .716 .703
40.18 .601 .6B2
40.12 .630 .678
40.06 .660 .662
39.09 .683 .650
38.89 .no .637
38.90 .737 .622
39.71 .762 .609
39.61 .784 .5s8
38.62 .604 .S88

x)1 13.20
.04 13.23
.07 13.26
.lO 13.28
.X3 13.32
.16 13.35
.18 13.36
.26 13.44
.3113.60
.37 13.56
.46 13.65
.56 13.74

63r66
.63.5Q
63.43
53.36
63.31
63.25
63.10
53.06
62.83
52.61
52.62
62.44
62.26
52.07
51.89

,

:% 2::
.82 14:Ol
.s1 14.10

1.00 14.19
1.20 14.3s
1.40 14.68

39;43 .824 .678
39.34 .8& .668
38.16 .876 .65Q
38.96 .Sll .633
38.73 .BSB .619
36.66 .936 .504
36.37 .BS2 .492
36.00 1.041 .467
37.64 1.088 .443
37.27 1.126 .422
36.92 1.167 .403

61.71
61.53
51.14
5Q.74

kg”:
49.66
48.78
46.03
47.26
46.51
46.84
44.83
43.92
43.02
42.12
41.24

EZi
38.60
36.89
35.20
33.66
31.83L30.31
3Q.w

1.60 14.78
1.20 14.99
2.00 16.18
2.40 16.69
2.80 16.88
3.20 16.39
3.60 16;79
4.00 17.19
4.60 17.69
6.00 18.18
5.60 18.68

0 32.89 26.46
.Ol 32.90 26.45
.04 32.93 26.43
.07 32.96 26.42
.lO 32.99 26.40T-r.13 33.02 26.39
.16 33.05 26.37
.lS 33.08 26.35
.26 33.14 26.33
.31 33.20 26.30
.37 33.26 26.27

i.000 -e--m 89 ’
1.066 69.33 32:88
1.073 59.28 32.85
1.080 69.24 32.62
1.086 59.1s 32.79
1.090 69.16 32.76
1.094 68.10 32.73
1.087 58.06 32.70
1.102 58.87 32.64
1.107 68.68 32.68
1.112 68.78 32.52
1.116 68.65 32.43
1.120 68.62 32.34
1.126 68.38 32.26
1.129 58.25 32.16
1.132 68.11 32.07
1.135 67.99 31.98
1.136 67.65 31.88

36.65 1.206 ;382
36.14 1.246 .362
35.73 1.288 .338
35.33 1.328 .3le
34.93 1.373 .2s5
34.66 1.413 .274
34.17 1.463 .263
33.66 1.483 .232

.

.
7;60120.68
8.00 21.1s
8.00 22.18

10.00 23.18
tl.00 24.18 .46 33.35 26.22

.55 33.44 26.18
* .64 33.53 26.W
.‘73 33.62 26.09
.&? 93.R 26.04
.Sl 33.80 26.01

1.00 33.69 26.96
Yf, 3.001 Q and Yf*, 24.6@

l.SO134.69  k5..57~1.479~1.160~66.66  131.09 1
.13 25.01 30.85 .ns .926 65.60
.16 25.04 30.22 ,742 .821 55.64
.lS 26.07 30.81 .768 .818 56.60
25 26.13 30.77 ,805 .S14 55.M
.31 26.19 30.73 .846 .810 56.W
.37 25.26 30.69 .S76 .scm 55.26
.46 25.34 30.64 .BOS .QO3 55.06
.66 25.43 30.58 .946 .686 54eBl
.64 26.52 30.53 .BaO .896 64.77
.I3 26.61 30.47 1.010 ,882 64.62
.S2 25.70 30.42 1.036 .S66 64.46

$rfI~iIiErEl~~5II’:.~~~~iHl9811  .
3.20 36.09 24.95 1.772 1.187 54.64 29.69
3.60 36.48 24.77 1.649 1.192 64.06 29.29
4.00 36.69 24.68 1.927 l.lSS 63.47 as.89
4.50 37.38 24.34 2.011 1.206 52.73 28.39
6.00 37.09 24.11 2.099 1.212 62.00 27.89
6.50 38.39 23.90 2.187 1.217 51.29 27.39
6.00 38.89 23.68 2.265 1.223 50.57 26.69
6.50 39.39 23.47 2.374 1.228 49.86 26.39
7r00 39.89 23.26 2.467 1.233 49.16 25.88
7.5-Q 40.39 23.06 2.563 1.237 48.44 25.38
8.00 40.88 22.84 2.650 1.241 47.73 24.89
8.00 41.89 22.42 2.842 1.247 46.31 23.68

10.00 42.89 22.02 3.038 1.252 44.91 22.69
11.00 43.68 21.63 3.242 1.256 43.62 21.89

.
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TABLB I. - LETAILJSD mOZ2I.a D89IOII PARUETKR3 - ContinUed
[y = l.4W7

Xi, 4.00; Q and If+. 32.8G"

12.00 44.89 21.26 3.453 1.266 42.14
13.00 46.88 20.87 3.669 1.266 40.76
L4.00 46.89 20.50 3.897 1.262 39.38
16.00 47.88 20.13 4.143 1.244 38.02
16.00 48.89 19.77 4.387 1.235 36.66
17.00 49.89 19.42 4.660 1.221 35.31
L8.W 60.89 19.09 4.939 1.204 33.98
19.00-61.89 18.73 6.227 1.183 32.62
21.00 63.89 18.07 5.866 1.129 29.96
23.00 65.89 17.43 6.607 1.060 27.32
a5.W 67.89 16.78 7.446 .BSS 24.68
27.00 68.89 16.19 8.402 -792 22.08
Z9.W 61.89 16.68 8.618 .587 19.48
31.00 63.89 15.01 10.770 .329 16.90
Se.89 66.78 14n4S 12.178 0 14.rq

*a, 6.00; q an& I,+. 38.46'

38.66 23.84
38.59 23.62
38.62 23.81
38.65 23.79
38.71 23.77
38.77 23.74
38.83 23.71
38.92 23.67
39.01 23.64
38.10 23.60
39.19 23.66
39.28 23.62
39.37 23.48

1.113 1.280
1.160 1.293
1.207 1.307
1.263 1.320
1.2BO 1.327
1.330 1.337
1.363 1.347

62.32
62.28
62.24
62.20
62.15
62.11
62.06
61.98
6i.69
61.W
61.67
61.56
61.42
61.29
61.16
61.03

39.46 23;46 1.383 1.363 60.81
39.66 23.37 1.467 1.370 60.63
39.86-23.28 1.627 1.387 60.34
40.06 23.20 1.580 1.397 60.06
40.26 23.11 1.640 1.4l3 69.77
40.46 23.03 1.690 1.423 69.49
40.86 22.86 1.790 1.447 58.92
41.26 22.69 1.827 1.470 58.35

4.60 42.96 2i;W 2.267 1.663 65.98
6.00 43.46 21.81 2.373 1.577 65.27
6.60 43.96 21.61 2.460 1.697 64.67
6.00 44.46 21.41 2.607 1.623 63.87
6.60 44.96 21.23 2.710 1.643 63.19
7.00 45.46 21.04 2.827 1.667 62.50
7.50 45.96 20.85 2.943 1.687 61.81
8.00 46.46 20.67 3.057 1.707 61.13
8.00 47.46 20.30 3.303 1.760 48.76
LO.00 48;46 19.93 3.647 1.790 48.39
L1.00 49.46 19.67 3.813 1.830 47.03
L2.00 60.46 19.22 4.083 1.867 46.68
La.00 61.46 18.89 4.3T7 1.903 44.35
L4.W 52.46 18.54 4.680 1.837 43.00
t5.00 63.46 18.22 6.010 I.967 41.68
L6.00 64.46 17.62 5.340 1.997 40.34
17.00 55.46 17.56 5.713 2.023 39.02
~8.00 56.46 17.25 6.090 2.047 37.71
LS.00 67.46 16.93 6.5OC 2.067 36.39
!l.W 69.46 16.32 7.427 2.097 33.78
t3.00 61.46 16.72 8.497 2.103 31.18

20.89
19.89
18.89
17.89
16.89
16.89
14.89
13.89
11.89

Xi
5.89
3.88
1.89
0

38.46
Se.45
38.42
38.39
38.S6
38.33
38.30
38.27
38.21
38.15
38.08

~:~
37.29
37.73
37.64
37.66
37.46
37.26
37.06
36.86
36.66
36.46
36.06
36.66
35.26
34.86
34.46
33.96
33.46
32.86
32.46
31.S6
31.46
30.86
30.46
28.46
26.46
27.46
26.46
26.46
24.46
23.46
22.46
21.46
20.46
IS.46
17.46
15.46

1 2 3 4 5 6 7 -
x-

ap.d ML1 & ;ir $5 hkg) &I

!6.W 63.46 16.13 9.733 2.083 e8.59 13.46
!7.W 65.46 14.57 11.190 2.023 26.03 11.46
19.00 67.46 14.01 12.877 1.910 23.4t 8.46
11.00 69.46 13.47 14.887 1.733 20.93 7.46
LT.00 71.46 12.93 17.187 1.460 18.39 6.46
5.00 73.46 12.41 19.720 1.100 15.87 3.46
17.00 76.46 11.90 23.027 .647 13.36 1.46
is.46 76-W 11.64 26.867 0 11.64 0

Y,, 6.00; o and IF+, 42.48O..“idf’llill. .. .. .
.13 42.61 22.16
.I6 42.64 22.13
.I9 42.67 22.12
.26 42.73 22.09
.31 42.79 22.06
.37 42.65 22.04
.46 42.94 22.00
.66 43.03 21.87
.64 43.12 21.93
.73 43.21 21.90
.82 43.30 21.87
.81 43.39 21.83

1.00 43.48 21.60
1.20 43.68 21.72
1.40 43.88 21.64
1.60 44.08 21.66
1.80 44.26 21.48
2.00 44.48 21.40
2.40 44.86 Zl.!iS
2.80 46.28 21.11
3.20 46.68
3.60

I

20.95
46.08

I

20.80
4.00

5.50 I

46.48

I

20.66
4.60 46.08 20.47
5.00 47.48 20.29

47.98 20.10
6.00 48.46 19.92
6.60 48.98 19.74
7.00 49.48 19.67
7.50 49.98 19.39
8.00 50.48 19.22
9.00 61.48 18.88
.O.W 62.48 18.64
.l.OO 63.46 18.22
2.00 54.48 17.88
3.00 65.48 17.66
4.00 56.48 17.26
b.W I 67.48
6.00 58.48
7.00 69.48

I 16.93
16.62
16.32

0 -1.000 ----- 42.48
.593 1.217 64.66 42.47
.777 1.283 64.62 42.44
.860 1.313 64.68 42.41
.923 1.337 64.64 42.38
.970 1.353 64.60 42.35

1.010 1.367 64.45 42.32
1.047 1.m 64.41 42.28
1.100 1.400 64.32 42.23
1.147 1.420 64.23 42.17
1.193 1.433 64.16 42.11
1.247 1.453 64.02 42.02
1.297 1.470 63.BO 41.93
1.347 1.490 63.77 41.84
1.387 1.603 63.65 41.76
1.427 1.617 63.63 41.66
1.467 1.530 63.40 41.57
1.600 1.643 63.28 41.48
1.680 1.670 63.00 41.28
1.647 1.593 62.72 41.08
1.703 1.613 62.44 40.86
1.770 1.637 62.16 40.68
1.827 1.657 61.26 40.48
1.937 1.693 61.34 40.08
2.047 1.730 60.79 39.68
2.163 1.767 60.23 39.28
2.263 1.800 59.68 38.86
2.363 1.833 69.14 38.48
2.477 1.870 58.46 37.98
2.600 1.910 67.77 S-.48
2.727 1.947 57.08 36.98
2.867 1.987 56.40 36.48
2.997 2.027 55.72 35.98
3.127 2.063 55.05 35.48
3.273 2.107 54.37 34.88
3.403 2.140 53.70 34.48
3.6gP 2.217 62.36 33.48
3.877 2.290 51.02 32.48
4.283 2.367 49.70 31.48
4.620 2.440 48.36 30.48
4.983 2.517 47.04 29.48
6.367 2.597 46.73 28.48
5.770 2.673 44.41 27.48
6.187 2.750 43.10 26.48
6.667 2.630 41.80 25.48
7.160 2.803 40.50 24.48
7.663 2.977 39.20 23.48
8.897 3.127 36.61 21.48
.0.337 3.267 34.05 18.48
.2.wo 3.377 31.49 17.48
.4.010 3.480 28.86 16.48
.6.4W 3.633 26.41 13.48
.8.2W 3.527 23.89 11.48
.2.667 3.433 21.38 9.48
6.647 3.223 18.86 7.48
11.61 2.80 16.38 6.48
,?.S3 2.13 13.89 3.48
6.03 1.06 11.43 1.48
2.63 0 8.58 0
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TAPLE I. - Di’i’AILED  ifOZZLE nCS&Ii PAFlAmmR5 - oontlnued
cy = l*N

1 2 3 4' 6 6 7
3c Y -

&I &I (dig) q Ilt/z (d:g) [&)

yi, 7.00; l a nd I;, 4 6.4 s�

0 45.49 21.02 0
.Ol 46.60 21.02 .627
.04 46.63 21.01 .8l7
.07 46.66 21.00 .803
.lO 45.68 20.98 .973
.13 46.62 20.97 1.020
.16 46.65 20.96 1.063
.lS 46.68 20.96 1.100
.26 45.74 20.93 l.l57
.a1 45.80 20.91 1.210
.37 45.86 20.88 1.260
.46 46.95 20.85
.55 46.04 20.81
.64 46.13 20.78
.73 46.22 20.76
.82 46.31 20.72
.Sl 46.40 20.69

1.00 46.48 20.66
1.20 46.69 20.57
1.40 46.89 20.50
1.60 47.09 20.42
1.80 47.29 20.35
2.00 47.49 20.28
2.40 47.89 20.13
2.80 48.29 19.98
3.20 46.69 19.84
3.60 49.09 18.70
4.00 49.49 19.56
4.60 49.98 18.36
5.00 50.49 18.21
6.50 50.89 19.06
6.00 51.49 l.6.87
6.60 61.99 18.70
7.00 62.48 18.53
7.50 62.99 18.36
8.00 63.49 18.21
9.00 54.49 17.87
0.00 55.48 17.55
1.00 S6.48 17.24
2.00 57.49 16.92
3.00 58.48 16.61
4.00 69.48 16.32

3.00 68.49 13.73
6.00 70.49 13.18
7.00 72.49 IS.66
9.00 74.49 12.18
1.00 76.49 11.64
3.00 78.49 11.14
6.00 80.48 10.65
7.00 62.48 10.18
8.W~84.4QI 8.69

k:: k:t: I Et

1.463 1.657 65.6
1.610 1.677 66.3
1.660 1.687 66.2

1.743 1.700 64.6

1.880 1.840
1.940 1.867 63.7
2.060 1.920 63.2
2.183 1.970 62.6

2.410 2.067 61.69

2.800 2.220 69.

3.100 2.3S7 68.35
3.247 2.360 67.69
3.393 2.443 57.02
3.553 2.603 66.
3.713 2.567 56.
4.023 2.667 64.
4.367 2.773 63.
4.727 2.890 51.
6.113 3.007 50.
5.537 3.130 48.
6.963 3.263 47.
6.477 3.383 46.
6.880 3.610 45.
7.653 3.643 43.
8.LM) 3.777 42.
8.600 3.813 41.

10.323 4.207 38.

23.720 6.617 26.1
28.353 5.760 23.

40.87 6.70 18.6
48.83 5.32 16.1
61.43 4.51 13.

45.48
45.48

z:z
46.39
45.36
45.33

EZ
45.18
45.22
45.03
44.94
44.85
44.76
44.67
44.68
44.49
44.29
44.09
43.89
43.69
43.48
43.09
42.69
42.29
41.6s
41.49

2::
38.98
39.49
38.98
38.49
37.99
37.49
36.49
35.48
34.48
33.48
32.48
31.49
50.49
29.48
28.4s
27.48
26.49
24.49
22.49
20.49
18.48
16.48
14.48
12.40
10.49
8.49
6.48
4.49
2.48
.4s

0

1 2 3 4 6 6 7
x f -

&I &d &) v q (dig, (&
4. 8.00; Q and YrC, 47.810

0 l47.8ll20.17
.Oll47.82120.16

.13 47.94 20.12

.16
I
47.97

I
20.10

.lQ 48.00 20.09

.Sk 48.12 20.04

.37 48.18 20.03

.46 48.27 1S.W

.55 48.36 19.96

.64 48.46 IS.93

.73 48.64 19.89

.82 48.63 19.86

.Bl 48.72 19.83
1.00 48.81 19.80
1.20 49.01 19.73
1.40 49.21 19.66
1.60 49.41 19.69
1.60 48.61 19.62
2.00 49.81 19.45
2.40 50.21 19.31

6.00 63.81 18.11
6.60 64.31 17.94
7.00 54.81 17.78
7.60 55.31 17.62
8.00 56.81 17.46
8.00 66.81 17.14
10.00 67.81 16.82
11.00 68.81 16.62
l2.W S9.81 16.22
13.00 60.81 15.82
14.00 61.81 15.62
15.00 62.8i 16.32
16.00 63.81 16.04
17.00 64.81 14.76
18.00 65.81 14.48
18.W 66.81 14.19
21.w 68.81 13.65
E3.W 70.81 lS.Ll

93.00 60.81 10.58
35.00 82.81 10.12
37.00 84.81 8.63
39.00 86.91 9.16
L1.00 88.81 8.70
13.00 90.81 8.25
L6.W 92.81 7.81
L7.00 94.81 7.36
47.81 85.62 7.18

0 -1.000
.653 1.340
.853 1.443
.840 1.487-i--l1.013 1.627

1.063 1.563
1.107 1.573
1.147 1.693
1.207 I.627

1.480 1.767
1.527 1.790
1.573 1.817
1.617 1.837
1.657 1.857
1.743 1.903
1.820 1.840
1.887 1.973

x$g-
47177
47.74
47.71
47.68
47.66
47.62
47.56
47.60
47.44
47.35
47.26
r7.17
47.06
46.99
46.90
46.81
46.61
46.41
46.21

3.263 2.633 68.82 U.Si
3.447 2.707 69.26 41.31
3.613 2.777 58.59 40.81
3.790 2.853 57.93 40.31
3.960 2.X3 67.27 39.81
4.300 3.060 65.95 38.81
4.673 3.207 54.63 37.81
6.OBS 3.360 63.33 36.81
5.527 3.620 62.03 35.81
6.003 3.683 60.73 34.81
6.617 3.857 40.43 33.81
7.083 4.037 46.13 32.81
7.667 4.183 46.85 51.81
8.327 4.410 46.57 30.81
9.023 4.603 44.29 29.82
8.790 4.810 43.00 26.81

ll.660 6.243 40.46 26.81
13.707 5.720 37.92 24.81
16.2S3 6.213 35.40 22.81
18.480 6.747 32.89 20.81
23.367 7.293 30.37 18.81
28.017 7.813 27.88 16.8l
M.00 8.X 25.39 14.81
40.87 8.73 22.93 12.81
60.30 8.03 20.44 10.81
62.22 9.10 17.97 8.81
76.66 8.78 15.51 6.81
88.17 3.27 13.06 4.81
26.13 2.88 10.62 2.81
.64.43 .GCI 8.17 .81
.78.47 0 7.18 0

I I I I 1
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TAESLE  I. - DBl!AXED HOZZLE DESI0H PARAMB!l!ERs  - Conoluded
& - 1.44

Mf, 9.00; Q and If+, 48.660

0 49.6t
.Ol 49.65

* .04 49.7(
.cn 48.72
.lO 48.7E
.13 49.76
.16 49.82
.19 49.8E
.26 48.91
.a1 49.97
.37 50.02
.46 50.12
.66 so.21
.64 60.3C
.73 60.36
.S2 60.4E
.Sl 50.67

1.00 60.6f
1.20 60.8e
1.40 Sl.oE
1.60 61.2f
1.80 51.4e
2.00 61.6e
2.40 52.Ot
2.80 52.4e
3.20 52.98
3.60 63.26
4.00 63.66
4.60 64.18
5.00 64.66
6.60 66.16
6.00 66.66
6.60 66.16
7.00 56.66
7.60 57.16
8.00 57.66
8.00 36.66
10.00 59.66
11.00 60.66
12.00 61.66
13.00 62.66
14.00 63.66
16.00 64.66
L6.W 66.66
L7.W 66.66
18.00 67.66
19.00 68.66
2l.W 70.66
33.00 72.66
26.00 74.66
Z7.W 76.66
29.00 78.66
31.00 80.66
33.00 82.65
56.00 84.66
57.00 86.66
39.00 88.66
L1.00 80.66
L3.W 92.66
L6.W 94.66
L7.00 966.66
L8.W 98.66
LB.66 89.32

LB.22
19.19
19.16
LB.10
19.04
L8.W
16.89
18.82
I.E.68

k&z
18.29
LB.16
17.99
L7.82

0 1.000 -----
,673 1.387 69.1:
.%O 1.507 69.11
.S70 1.660 69.07

1.043 1.600 68.0:l-r1.087 1.630 68.N
1.143 1.667 68.94
1.133 1.680 68.9~
1.243 1.713 68.82
1.300 1.747 68.74
1.353 1.780 68.66
1.410 1.810 68.64
1.470
1.527
1.673
1.627
1.667 1.957 67.W
1.710 1.980 67.82
l&W 2.030 67.M
1.880 2.077 67.3C
1.953 2.117 67.09
2.033 2.160 66.7E
2.100 2.200 66.48
2.237 2.273 66.84
2.377 2.350 66.4C
2.607 2.420 64.88
2.637 2.487 64.35
2.773 2.580 63.62
2.927 2.640 63.15
3.087 2.720 62.46

17.03 a.987
Lg.87 4.170
L6.56 4.630
LB.26 4.943
L5.96 6.400
Lb.66 6.877
L6.36 6.413
.6.07 6.983

L4.79 7.613

.4.61 8.273
-4.24 I 9.013
.3.96 9.800 I

3.160 69.19
3.247 58.53
3.410 67.22
3.580 66.s!?
3.787 64.62
3.980 53.32
4.190 52.ce
4.410 50.73
4.643 48.45
4.873 48.17
5.120 46.80
6.377 45.62

.3.69 10.680 5;653 44.36

.3.16 12.693 6.240 41.81

.2.62 16.183 6.887 39.28

.2 .ll 18.200 7.600 36.77

.1.60 21.860 8.377 34.26

.I .lO 26.533 8.190 31.76

.0.61 32.20 10.04 29.27
-0.16 38.47 10.88 26.81
9.66 48.16 21.63 24.32
8.20 69.91 12.70 21.86
8.73 74.92 13.36 19.38
8.28 93.92 13.72 16.84
7.84 121.93 13.50 14.60
7.39 167.86 12.27 12,OS
6.96 211.03 8.00 9.61
&5I',SO:,"  1 E.5 1 ;i;i

zizz
49.65
49.62
49.68
49.66
48.53
48.60
49.47
48.41
49.33
49.29
49.20
49.11
49.02
48.93
48.84
48.78
48.66
48.46
48.26
48.06
47.86
47.66
47.26
.46.86
46.46
46.06
46.66
46.16
44.66
44.16
43.66
43.16
42.66
42.16
41.66
40.66
38.66
38.66
37.66
36.66
35.68
34.66
33.66
32.66
31.66
30.66
28.66
26.66
24.66
22.66
20.66
18.66
16.66
14.66
1 2 . 6 6
10.66
8.66
6.66
4.66
2.66

.66
0

1 2 3 4 6 6 7

B
@:;I (d&J (deg)

z

At/2
J -
'd2 (d:,$j (d:g )

Mf' 10.00; 9 uad v++, 61.160
6 1 . 1 6  19.00 0 - 1.00 -----
51.1'7 18.88
61.20 18.98T ..690 1.43 70.14

.sw 1.66 70.1c
6 1 . 2 3  18.97 --l-T.BSS 1.62 7O.a
61.26 18.96 1.070 1.667 7o.m
61.28 18.85 1.123 1.70 69.98
51.32  l B . 9 4 1.273 1.73 69.94

0
.Ol

:E
.10
.13
.I6
.lS
.25
.a1
.a7
.46
.6S

:E
.s2
.31

1.00
1 . 2 0
1.40
1.60
1.80

2%
2 . 8 0
3 . 2 0
3 . 6 0
4.00
4 . 6 0

E
6 . 0 0
6 . 6 0
7.00
7 . 6 0

i:E
.o.w
.l.OO
t2.00
!S.W
.4.w
-6.00
.6.W
.7.00
.S.W
.8 .oo
!l.OO
!S.W
!6.W
t7.W
!G.W
11.00
13.00
is.00
i? .OO
is,00
:l.W
IS.00
r6.00
:7 .oo
,a.00
i l . 0 0
il.16

61.36 16.83
61.41 18.91
a.47 la.86
51.53 18.86
61.62 18.83
61.71 18.80
51.80 18.77
6 1 . 8 9  18.73
61.98 18.71
6 2 . 0 7  18.68
62.16 18.66
52.36  1 8 . 5 8
5 2 . 5 6  1 8 . 5 1
5 2 . 7 6  18.45
62.86 16.38
63.16 l.B.33
53.56  18.19
53.96  la.05
54.36 17.S2
64.76 17.79
56.16 17.67
65.66 17.60
66.16 17.36
66.66 17.19
67.16 17.03
57.66 16.87
68.16 16.71
58.66 16.66
59.16 16.41
60.16 16 .ll
61.16 16.81
62.16 16.61
63.16 16.21
64.16 14.93
65.16 14.66
66.16 14.38
67.16 14.10
62.16 13.82
68.16 13.66
70.16 13.22
72.16 12.75
74.16 12.24
76.16 11.72
78.16 11.23
80.16 10.74
82.16 10.26
84.16
86.16

I 9.77
9.32

1.507 1.93

2I720
2.863
a.=3
SIlS7
3.370
3.567
3.760
3.943
4.163
4.347
4.730
5.180
S.-S
6.213
6.807

2.667 66iSS
2.740 64.63
2.830 64.16
2.S27 63.61
3.020 62.86
3.127 62.19
3.223 61.63
3.323 60.87
3.430 60.22
3.533 69.67
3.723 58.27
3.947 66.97
4 .lBO 56.67
4.433 54.37
4.700 53.09
4.877 61.81

8.147
7.440 I

5.273 60.54
8.890 5.673 49.26
9.733 6.SW

I
47.88

10.640 6.243 46:72
11.613 6.683 45.44
13.893 7.323 42.81
16.723 8.167 40.40
20.190 8.103 37.68
24.607 10.140 35.39
28.98 11.30 32.90

94.16 7;60
86.16 7.06
98.16 6.63
00.16 6.20
02.16 6.7'7
02.32 6.74

36.67 32.67
46.37 13.87
66.88 15.36
69.87 16.77
B8.35 18.18
12.30 19.43
47.52 20.30
93.80 20.20
62.5 18.1
56.9 le.8
as*0 1.0
Os.7 0

30.42
27.93
26.48
23.00
20.66
18 .ll
16.66
13.22
10.78

i:E
5.74

51.16
51.15
61.12
61.09
61.06
61.03
51.00
50.87
50.81
50.85
60.79
50.70
60.61
60.52
50.43
60.34
50.25
50.16
49.96
49.76
49.56
49.36
48.16
48.76
48.36
47.96
47.56
47.16
46.66
46.16
46.66
45.16
44.66
44.16
43.66
43.16
42.16
41.111
40.16
39.16
38.16
37.16
36.16
35.16
34.16
33.16
32.16
30.16
28.16

E%
22:16
20.16
18.16
16.16
14.16
12.16
LO.16
8.16
6.16
4.16
2.16

.16
0

.
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TABL?I II. - OVER-ALL BOZZLE DBSICIIQ PARAMECBBS

I3 = 1.4oo3
V'

1 2 3 4 6 1 2 3 4 5
Q and .

Hf *r+
If, y Sfl B Q and vi, v

If+ Ai/& Bf' '
(dog) (dog) 'dAt (deg) 'f (deg) (deg) (dog)

l.OO\ 0 0 1.0000 90.000 1.80 10.362 20.725 1.4390 33.749
1.02 .063 .126 1.0003 78.035 1.82 10.652 21.304 1.4610 33.329
1.04 .175 .351 1.0013 74.058 1.84 ,X0.939 21.878 1.4836 32.921
1.06 .318 ,637 1.0029 70.630 1.86 11.225 22.450 1.5069 32.523
1.08 .a4 .968 1.0051 67.808 1;88 11.520 23.020 1.5307 32.135

1.10 .668 1.336 1.0079 65.380' 1.90 11.793 23.586 1.5553 31.757
1.12 .867 1.735 1.0113 63.234 1.92 12.076 24.152 1.6804 31.388
1.14 1.080 2.160 1.0153 61.306 1.94 12.356 24.713 1.6062 31.028
1.16 1.304 2.607 1.0198 59.550 1.96 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
1.24 2.205 4.570 1.0432 53.751 2.04 13.738 27.476 1.7451 29.363
1.26 2.546 5.093 1.0504 52.528 2.06 14.011 28.022 1.7750 29.041
1.28 2.814 5.627 1.0581 51.375 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 1.0750 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 I.9018 27.859
1.36 3.922 7.844 1.0940 47.332 2.16 15.344 30.688 1.9354 27.578
1.38 4.206 8.413 1.1042 40.439 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 2.0050 27.036
1.42 4.782 9.565 1.1262 44.767 2.22 16.125 32.250 2.0409 26.773
1.44 0.073 10.146 1.1379 43.983 2.24 16.381 32.763 2.0777 26.515
1.46 6.365 10.730 1.1502 43.23U 2.26 16.637 33.274 2.1154 26.262
1.48 6.663 11.327 1.1629 42.607 2.28 16.889 33.778 2.1538 26.014

1.50 5.953 11.906 1.1762 41.810 2.30 17.141 34.283 2.1931 25.772
1.52 6.248 12.495 1.1899 41.140 2.32 17.391 34.782 2.2333 25.533
1.54 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 2.3164 25.070
1.58 7.135 14.270 1.2344 39.265 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
1.62 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 18.854 37.708 2.4936 24.195
1.66 8.316 16.633 1.3010 37.043 2.46 19.092 38.184 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 23.578
1.72 9.198 18.397 1.3567 35.549 2.52 19.794 39.589 2.6864 23.380
1.74 9.490 18.981 1.3764 35.080 2.54 20.025 40.050 2.7372 23.185
Ii.76 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 ZCOZZLB DESICIN PARAMETERS - Continbed
Lr = 1.44

1 2 3 4 5 1 2 3 4 6

Mf
Q *"d+ vf, V

(& (dd 'dAt (deg)
b p yf Q-f 'B&f Bp B

(& (des) AdAt (dog)
2.60 20.707 41.416 2.8960 22.620 3.30 27.611 65.222 5.6286 17.640
2.62 20.931 41.863 2.9511 22.438 .3.32 27.782 65.564 5.7358 17.530
2.64 21.l54 42.308 3.0073 22.259 3.34 27.952 55.904 5.8448 17.422
2.66 21.374 42.749 3.0647 22.082 3.36 28.120 56.241 6.9658 17.315
2.68 21.593 43.187 3.1233 21.909 3.38 28.288 56.576 6.0687 17.209

2.70 21.810 43.621 3.1830 21.738 3.40 28.4S4 56.908 6.1837 17.105
2.72 22.026 44.053 3.2440 21.57l 3.42 28.619 57.238 6.3007 17.002
2.74 22.240 44.481 3.3061 21.405 3.44 28.782 57.564 8.4198 16.QOC
2.76 22.453 44.906 3.3695 21.243 3.46 28.944 57.888 6.5409 16.799
2.78 22.664 45.328 3.4342 21.082 3.48 29.105 58.210 6.6642 l6.7OC

2.80 22.873 46.746 3.5001 20.925 3.60 29.265 S8.530 6.7896 16.602
2.82 23.080 46.161 3.5674 20.770 3.52 29.973 58.847 6.9172 16.604
2.84 23.286 46.573 3.6359 20.617 3.54 29.681 59,162 7.0470 16.409
2.86 23.491 46.982 3.7058 20.466 3.66 29.737 59.474 7.1791 16.314
2.88 23.694 47.388 3.7771 20.318 3.58 29.892 59.784 7.3135 16.220

2.90 23.8Q5 47.790 3.8498 20.171 3.60 30.046 60.091 7.4501 16.128
2.92 24.095 48.190 3.9238 20.027 3.62 30.198 60.397 7.5891 16.036
2.94 24.293 48.586 3.9993 19.885 3.64 30.350 60.700 7.7304 16.946
2.96 24.490 48.980 4.0763 19.745 3.66 30.500 61.000 7.8742 15.866
2.98 24.685 49.370 4.X547 19.607 3.68 30.649 61.299 a,0204 15.768

3.00 24..878 49.757 4.2346 19.471 3.70 30.747 61.595 8.1690 15.680
3.02 25.071 50.142 4.3160 19.337 3.72 30.944 61.889 8.3202 15.594
3.04 25.261 50.523 4.3989 19.205 3.74 31.090 62.181 8.4739 15.508
3.06 25.451 50.902 4.4835 19.074 3.76 31.235 62.471 8.6302 15.424
3.08 25.638 51.277 4.5696 18.946 3.78 31.379 62.768 8.7891 16.340

3.10 26.825 51.650 4.6573 18.819 3.80 31.522 63.044 8.9506 15.258
3.12 26.010 52.020 4.7467 18.694 3.82 31.663 63.327 9.1148 35.176
3.14 26.193 52.386 4.8377 18.670 3.84 31.804 63.608 9.2817 15.095
3.16 26.375 52.750 4.9304 18.449 3.86 31.943 63.887 9.4.513 15.035
3.18 26.556 53.112 5.0248 18.328 3.88 32.082 64.164 9.6237 14.936

3.20 26.735 63.470 5.1210 18.210 3.90 32.220 64.440 9.7990 14.857
3.22 26.913 53.826 5.2189 18.093 3.92 32.356 64.713 9.9771 14.780
3.24 27.089 54.179 6.3186 17.977 3.94 32.492 64.984 10.1580 14.703
3.26 27.265 54,530 5.4201 17.863 3.96 32.626 65.253 10.3420 14.627
3.28 27.438 54.877 5.5234 17.751 3.98 32.760 65.520 10.5288 14.552



.
N A C A  F&i N o .  E8J12

.

19

TABLE II. - CVBR-ALL BOZZLB DESIGN PARAMSTFJS - Continued
cy = 1.4od

1 2 3 4 5 1 2 3 4 5

Mf
Q 'p Vf, v
(zgj (ded

Pfs B
'dAt (deg) *f

QYd +'B
(zg) t-8) 'If/At

&* B
fdeg)

4.00 32.892 65.785 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 81.643 38.281 10.380
4.10 33.542 67.085 11.715 14.117 6.60 41.016 82.032 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 35.064 70.128 14.57l 13.290 5.85 41.950 83.900 47.754 9.842
4.40 35.353 70.707 15.210 13.137 5.90 42.128 84.257 49.507 9.758
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 16.662 12.840 6.00 42.477 64.955 63.178 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 65.968 59.114 9.358
4.70 36.984 73.969 19.583 12.284 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 63.370 9.207
4.80 37.493 74.986 21.263 12.025 6.30 43.469 86.938 65.589 9.133
4.85 37.741 75.483 22.151 11.899 6.35 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
6.06 38.691 77.383 26.018 11.421 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 10.981 6.75 44.809 89.618 88.661 8.520
5.30 39.799 79.'699 31.649 10.876 6.80 44.947 89.895 91.594 8.457
5.35 40.008 80.017 32.893 10.773 6.85 45.085 90.170 94.609 8.394
5.40 40.216 80.433 34.174 10.672 6.90 45.221 90.442 97.700 8.333
5.45 40.422 60.844 35.501 10.573 6.95 45.355 90.710 lCO.880 8.273
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TABLE 11. - OVEFt-AU lOZprE DESIGN PARAMETERS - Ooncluded
[y = 1.400]

1 2 3 4 5 1 2 3 4 5
cp and

4 yy+
y
f' v BfS 8 cp and

B Atr/ (dog) lIdi 'f+
Yf' y

(deg) (dw) (aed Ai/Bt
I+ c

(dog) (d g)e
7 . 0 0 4 5 . 4 8 7  9 0 . 9 7 4 1 0 4 . 1 4 3 8 . 2 1 3 8 . 5 0 4 8 . 7 8 6 9 7 . 5 7 3 2 5 1 . 0 8 6 6.75E
7 . 0 5 4 5 . 6 1 8  9 1 . 2 3 7 1 0 7 . 4 9 2 8 . 1 5 5 8 . 5 5 4 8 . 8 7 8 9 7 . 7 5 7 2 5 7 . 9 7 4 6.717
7 . 1 0 4 5 . 7 4 6  9 1 . 4 9 2 110.931 8.097 8 . 6 0 4 8 . 9 6 9 9 7 . 9 3 8 2 6 5 . 0 1 4 6.677
7 . 1 5 4 5 . 8 7 3  9 1 . 7 4 6 1 1 4 . 4 5 9 8 . 0 4 0 8 . 6 5 4 9 . 0 5 9 9 8 . 1 1 8 2 7 2 . 2 1 1 6 . 6 3 5
7 . 2 0 4 5 . 9 9 9  9 1 . 9 9 9 1 1 8 . 0 8 0 7 . 9 8 4 8 . 7 0 4 9 . 1 4 7 9 8 . 2 9 4 2 7 9 . 5 6 7 6.6OC
7 . 2 5 4 6 . 1 2 2  9 2 . 2 4 4 1 2 1 . 7 9 4 7 . 9 2 8 8 . 7 5 4 9 . 2 3 4 9 8 . 4 6 9 2 8 7 . 0 8 4 6.562
7 . 3 0 4 6 . 2 4 5  9 2 . 4 9 1 1 2 5 . 6 0 5 7 . 8 7 3 8 . 8 0 4 9 . 3 2 1 9 8 . 6 4 3 2 9 4 . 7 6 6 6 . 5 2 5
7 . 3 5 4 6 . 3 6 5  9 2 . 7 3 1 1 2 9 . 5 1 3 7 . 8 2 0 8 . 8 5 4 9 . 4 0 7 9 8 . 8 1 4 3 0 2 . 6 1 5 6.48E
7;40 4 6 . 4 8 5  92.971 133.520 7.766 8 . 9 0 4 9 . 4 9 1 9 8 . 9 8 3 3 1 0 . 6 3 3 6 . 4 5 1
7 . 4 5 4 6 . 6 0 3  9 3 . 2 0 6 1 3 7 . 6 2 9 7 . 7 1 4 8 . 9 5 4 9 . 5 7 6 9 9 . 1 5 3 3 1 8 . 8 2 3 6 . 4 1 . 5

7 . 5 0 4 6 . 7 2 0  9 3 . 4 4 1 1 4 1 . 8 4 2 7 . 6 6 2 9 . 0 0 4 9 . 6 6 0 9 9 . 3 2 0 3 2 7 . 1 9 0 6 . 3 7 9
7 . 5 5 4 6 . 8 3 5  9 3 . 6 7 1 1 4 6 . 1 5 9 7 . 6 1 1 9 . 0 5 4 9 . 7 4 1 9 9 . 4 8 3 3 3 5 . 7 3 3 6 . 3 4 4
7 . 6 0 4 6 . 9 4 9  9 3 . 8 9 8 1 5 0 . 5 8 5 7 . 5 6 1 9.10 49.823 99.647 344.458 6.3OQ
7 . 6 5 4 7 . 0 6 1  9 4 . 1 2 2 1 5 5 . 1 2 0 7 . 5 1 1 9 . 1 5 4 9 . 9 0 4 9 9 . 8 0 8 3 5 3 . 3 6 0 6 . 2 7 4
7 . 7 0 4 7 . 1 7 2  9 4 . 3 4 5 1 5 9 . 7 7 0 7 . 4 6 2 9 . 2 0 4 9 . 9 8 3 9 9 . 9 6 7 3 6 2 . 4 6 3 6.24C
7 . 7 5 4 7 . 2 8 3  9 4 . 5 6 7 1 6 4 . 5 2 7 7 . 4 1 4 9 . 2 5 5 0 . 0 6 3 1 0 0 . 1 2 7 3 7 1 . 7 4 9 6 . 2 0 6
7 . 8 0 4 7 . 3 9 1  9 4 . 7 8 3 1 6 9 . 4 0 3 7 . 3 6 6 9 . 3 0 5 0 . 1 4 1 1 0 0 . 2 8 2 3 8 1 . 2 2 8 6 . 1 7 5
7 . 8 5 4 7 . 4 9 9  9 4 . 9 9 8 1 7 4 . 4 1 8 7 . 3 1 9 9 . 3 5 5 0 . 2 1 9 1 0 0 . 4 3 8 3 9 0 . 9 0 2 6 . 1 4 0
7 . 9 0 4 7 . 6 0 4  9 5 . 2 0 9 179.511 7.272 9 . 4 0 5 0 . 2 9 6 100.591 400.775 6.107
7 . 9 5 4 7 . 7 0 8  9 5 . 4 1 7 1 8 4 . 7 4 4 7 . 2 2 6 9 . 4 5 5 0 . 3 7 1 1 0 0 . 7 4 2 4 1 0 . 8 5 1 6 . 0 7 4

8 . 0 0 4 7 . 8 1 3  9 5 . 6 2 7 1 9 0 . 1 0 9 7 . 1 8 1 9.50 50.445 100.891 421.131 6.042
8 . 0 5 4 7 . 9 1 6 . 9 5 . 8 3 2 1 9 5 . 5 9 7 7 . 1 3 6 9 . 5 5 5 0 . 5 2 0 101.041 431.620 6.011
8.10 48.016 96.033 201.215 7.092 9.60 50.594 101.188 442.322 5.979
8.15 48.117 96.234 206.964 7.048 9 . 8 5 5 0 . 6 6 7 1 0 1 . 3 3 4 4 5 3 . 2 3 6 5 . 9 4 8
8 . 2 0 4 8 . 2 1 5  9 6 . 4 3 1 2 1 2 . 8 4 6 7 . 0 0 5 9 . 7 0 5 0 . 7 3 8 1 0 1 . 4 7 6 4 6 4 . 3 7 0 5 . 9 1 7
8 . 2 5 4 8 . 3 1 2  9 6 . 6 2 5 2 1 8 . 8 6 5 6 . 9 6 2 9 . 7 5 5 0 . 8 1 1 1 0 1 . 6 2 3 4 7 5 . 7 2 5 5 . 8 8 7
8 . 3 0 4 8 . 4 1 0  9 6 . 8 2 1 2 2 5 . 0 2 2 6 . 9 2 0 9 . 8 0 5 0 . 8 8 2 1 0 1 . 7 6 4 4 8 7 . 3 0 4 5 . 8 5 7
B . 3 5 4 8 . 5 0 6  9 7 . 0 1 3 2 3 1 . 3 2 0 6 . 8 7 8 9 . 8 5 SO.951 101.903 499.112 5.827
6 . 4 0 4 0 . 5 9 9  9 7 . 1 9 9 2 3 7 . 7 6 3 6 . 8 3 7 9 . 9 0 5 1 . 0 2 1 1 0 2 . 0 4 2 511.152 5.797
0 . 4 5 4 8 . 6 9 4  9 7 . 3 8 8 2 4 4 . 3 5 0 6 . 7 9 6 9.95 51.090 102.180 523.425 5.768

10.00 51.158 102.317 535.938 5.739
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I hEntrance to
Throat I test section
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Figure 1. - Sharp-edge-throat supersonic nozzle of minimum length.

.
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(a) Expansion waves repreeented by
of characteristics.

d finite number

.,!Zone
.

II-P- yf+

(b) Wave pattern formed by interaction of two
expansion wavea.

BfglnvJ 2. - Schematic representation  of expanalon
wavea by characteristica.

.
,
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I ----Discarded uharaoteristics

(c) Kernel formed front kernel correspondhg  to
higher Mach number.

Streamlfnss

(d) Suppression of expanafon wave by bending wall.

Figure 2. - Concluded. Schematic representation of
expansion waves by characteristics.
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.

(a) Kernel.

(b) Wave pattern and wall contour.

Figure 3. - Complete wave pattern and wall contour of
graphically designed nozzle with sharp-edge throat.
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(a) Conventional development.

(b) Averaging development.

Figure 4, - Development of wall contour from bounding
=f+ characteristic of kernel.
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F i g u r e  5 .
‘f+

- Method of determining bounding characteristic
for a desired Mach number Prom a known  adjacent

characteristic.
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4.

3.

Final Mach ntmibers yf

Figure 6. - Length of aharp-edge-throat nozzles.


