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; TABLES OF SUMERSONIC W ABOUT CONE CYLINDERS
' PART 1: SURFACE DATA
. ABSTROT

. A family of invisaid stesdy axisymmetric supersanic flows about come
oylinders has Heen oaloulated by the method of charnoteristios ou the
ENIIC . - The comes have semi-vertex angles of the form 6k° (1 &k = 10),
while tha Mach nuibers, conteined in. the set 1.3, 1.5, 1.7, 2; 5, &, 6,
7, are such that the shook wave i3 ttached to and oonisul near the ver-.

. tex. Pressure, density, temperaturs, and loocal Mach nuaber disteitutions

‘o the oylinder have been tabulated, snd the prezsure duta have also been
presentod graphically. The EFIK resuits have beeu oomipared with sompus
- 4ations from other sources axd with axpsrimmmtal data. il AL
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1% is extremsly tedious o cona‘i;ruo‘“ ,‘.mima ox" 4he nm-linoa.risedr

f-::f"'eqﬁé:tions for compreseible inviscid flows about a given objects In ihe-

cese of gupersonic flow, the shaps that has been treated with tho most

‘congpiouous mwoess is-the right sirsular cone. Axisymmetric flows about el

-,._'»"‘ential equations. More goreral stesdy axisymmetrio supersonic Llows muet -
7. be caleulated ty the methed of oharmoteristics., The vast smounts of time - -
-and .labor required by this method tend to dlsecouwrage memual compnatiomss
. Conserjaently such caloulaticns have besen performed onlj for u seattered

cones can. be ‘saloulsted bty shendard numerical pi'mwdma -without too muoh -
labor basgause the ‘equations degenerats into a system of érdi.xmry differ~

set of cafes. Tn recent years, however, the appeararoe of hieh apesd oom-

puting machines has oomplotely altsred this situation. It is now roesidble e

%o wndertake cmputatiocna for whioh oonsiderations of computing time and

. . labor were formerly prohibj.tivo.* in particular, the dc‘ralom‘h and san-

_xﬂmim of the BNTAC Pnsﬂ tha Rﬁ"!ist*n ﬁegr,aﬂa ‘kam*noﬂhn - it v wian &

A ML AVD @ LT

the senior author of this report to make an effort to ou.loulata mw

sxisymmetrio supersonio flm on this m}ﬂne. »

At proamt no e.ocumto and e"f’icient procadura is lmown for oa.cu-
lating axisymmetric supersonic flows about pointed bodies with attaeched

Bshookwares that are doubly curved all the way down to the point of attash-

memt. However, it is possible to determine preclsely the oonioal shook
wave in the flow over 2 right circular some. This suggests restrioting
caloulstions to bodies of revoluiion with conical tips. The simplest body
of this type-is a cone cyiinder. It seemed desirable tc compute a family
of flows about this class of objscts for the following reascms, Firstly,
the results would supplement: the Ta;u.or-llaocoll flow data recorded in
N2)s+ Secondly, since these flows contain readily oomputed shooks and
«tpansion fane, cone oylinders are idesl models for fundementel investiga-
tions ip wind %‘unnels and free fjlight. Thirdly, the results provide a ‘

- basis for estimsting the slzss of numbers to be enocumbered in the sourse -

-uf oalculn"iona of flows about bodiea nf revolution witk curved profiles.
Ths aignificance ef the last remark is brough‘t out a.t the md of Sootim 3.

a1l computatimu wers conrinod to tha demin ot dctenmutinn by the

 esnisa) (Taylar_Mennnll) part of tha shosk wave {of. Ple. ) infra). snd

by the oody where the flm are irrotut.icmal"!. All ompﬂttlﬂonc wore

- this ormes‘cim it should be rmrkod that wder idoml o:mditiau.
. ‘neglao't:ing the caloulation of Taylor=kucooll and Frawitl-Meyer input
~ data and ths sxtrapclation to zerc m'.’& sige, the time required to
oaloulate a single case {one My, me ¢,) on the XNIK twiece at two
© grid sizes was of the ordsr of forty. mimzhn. Katurelly this sversge
was not maintained during the sutire caloulation, Ths sam ocss wozld
require about six weels to be aompleted 'by ranual adaulmzm by e
person, with Cewsr signifisant !.‘ig‘.::*as md BOre errora.

s* Fumbers in brackits designate refsrsnces listed in ths bibliography.

see For 8g = 5C and the lower malues of ¥; the computalions covered
only & art of this region. :



" performod th two oharncteristic grida; eus twise p3 fine us “he othev.
At the coamon points the resulls waryj_;;:;:ﬁ;' crevo-grid slze,
assumng that the bmg}ﬁteé,agpr&;im‘;i 2 35 JhH wnoeson at finite
B

grid size, 1/h, varied ag oven quedretic polynomials in /. The cua~.

putationrl procedures and their aScUracy are discuscod briefly in Seo-- -

tions £, 3, 4. Thay are treated at length in (5]. Table T chows $he .

_ soope of the caloulatliong. % = 1.4 throughout. M1 denctes free stream

 Mach pumber, and Og the s2mi ~vertex sngle of the cune. ‘The entries im .
i

the table aye the dosusbi=am extents of the = -alated region of flow

ix. oalibers, weasursd along. the surface of the oylinder Prom the vertex-

of the ¢ome. Other flow data cre recorded in Tavles II, III, ani IV,
and Pigs, 6 to 14 and 5 b0 38, ” ' PPN TR £ S e

Most readera will be interasted primarily in veloolty. pressure, . .
density, and temparature distributions on the suwrfaoe of ths sone £yl
inder. Asaordingly these are -the only data presemted here. For'those - = ..
o wish flow dats for use as the basis of perturbation calouiativms,
otc., there has been preparad a conpanion set of tables of X, Y5 W ¥
at pointe of ‘a oharecteristic net. The title of Part II is Tebles of
Supersonic Flows about Cone Cylinders, BRL Report Ny, 730,

in the near future it is planned to caloulate flows with rotation
- pbout budiss of revslution {with conical t1 05} with profiles composed

of several circular srce, and with various ‘siattall configuraticnd.. FA 2
the seme tims the zo riindsr caloulsti ot - T or “the la_rge'r values of

Js will be continued to greater distances Adcwnstreans

The following historiaal mote may be of interest to cthers planning
gimilar computations. Even at the present time these cone cylinder cal-
culations are emong the most cemplex that have Desn ‘performed on tha BIX .
When the first steps toward coding ths computetion were taken in mid -

1946, no simple, wmiversal soding procadure hed been demeloped for the. :
FSIN . Hotwithstanding the sumbersome coding procedure then in use, fm -
the courss of about mime montls the progromming was completsd, Socn
thereafter Prof. Jo. von Yewsann roposed basic improvements in THIN
operationu, His idees were sxploited by mauy persons associated with

tng ENIAT, imsluding the senicr sxthor, and gradually evo}vﬁ m_*?o the
- “ . L - .

coding end opsrating procedure now in use, described 1in i, F, =)« o
_gor arison, it should e remarked that with vne new, logical ceoding pro-

sedure it should have required nst more than three months tc program

the caloulation of fisws shout cuvme gyL.indeTss ™a contrast becomas
clesrsr when it is polstoed out tnet mont of-ihe zine months? parled was
devotad merely to foraing the computing routine onto the EHIAL., Most ‘
of the three memths' time would mow ne spent on the subtler probles of
estimating the sizes of pumbers thot w»ill be ansouptersd during the cal-
culaticr. ' ' ‘ Pl

A great meny paople hews =ade raluable contributionz at various
stages of this cowpiving

proest. Unfortunntoly, the mumber i€ 80 large
that space will npor permit iha crs te meys individual acmowledsomants




" and_ o is s constant with th

tﬁ_wefymérwho hes asgisted them. Howover, they particularly wisn to ex-
press their gratitude to A. Gelbraita, B. Bartig, B. Snyder, K. Mauchly,
A. Gehring, H, McAllister, =nd H. Spence. ' . o T E P

¥4ind Tumnel data for cone qyliﬁdars wore obtained from Dr. L. L.

Cronvich and Mr. K. D. Bird of the Applied Faysios latoratory..

. FUNDMENTAL RUATIONS - :

- ‘In the abssncs of +iscosity, heat oonduction,. and ‘body foroes, the :

i eqizatians for steady axisymmefric flcw can be written in the form

(2D woavhx v auby - - plaphx .
wavpx Av avfey =~ tOEAY R
(2.2) a(piuj/éz_* 2 (pyv)/oy = 0

Here x and y are rectangular coordinates in ‘any plane through the axis

. of symmetry, taken tobe the x-axis; u end v denote oompoments of walooity 2
~ parallel to the x- and y-axes, respectively; and p axd o are the pressure

and density, re’speptively'.' The flow is isentropic if

(203) PII’PO' = (!0//9 0)

. where Pp and /Po are coertain constant reference valusg of the pressure ‘and

density, and 7 , assumed constant, is the ratio of the spsoific heat at
constant pressure to that at oonstant volume. The_ fiow is irrotaticmal if

(2.4) owhy -3v/3x = O

For isentropic, irrotational flow Euler's equaticns (2.1) imply Bermoulli’s
equaticn e S : - ‘ -

| ,%._-g‘z + ..Yp,-_/ [(_Yu)_,b] =3 &
where o ‘ gt '
(205) ) qz = uz + 7?‘

o dimensions of velocity. How make the follow-

ing transformation tc nom-d imensional variables:

a%® = u,_/e,-v* ,‘27'/(.\}: q¢ = a/c, p* s p/t 9,62‘)-’./;. ../o,,’po

x* = x,/f, é‘#': 3’/{, o* = 1

where [ is some convenient referencs iength. Ths transformed forms of

(2.1) to (2.5) and of Rernoulli’s equation can be cbbaeined by replaoing



all 7eriables by the aorreaponding symbols with wsterisks. For améxieix‘:;’f,
hereafter wo shall omit the astorisks in equations {2.1) to (z.s) wd

(z.a) .# ..12 4. "P/ L(Y"“’/JJ - i o -

and asswme that all variables are. diaanaimleus. , mv-%}z ra:l'aremee proauxn'e it

T

Py and density . be’ the stagnatim values - oorraspcndmg ‘Go 9 & U In RV e T el
Taen vy (28) maf 2.6) e My e o gadas o

(o) gy = (Tt
(2.8\ p/Po"(l*:")

| : _Ii’ we olim..nate /J from the equatitm of cﬁntiauity 292) by means of (‘..7),
- ia obtain : : : s -

7/(?’ -1)

| (2.9) H an/ax + X (an/ay +;v/ax) + Lav/ay + azv/y "
P

o fz.m‘)H oy Kw-—uv,L-"-uvz

whem 8 is the veloc;’ev of so\m'l dsfinad ‘*y
=dp/ap = 7 o/
By BanLl]l’a equation (2.6)
(2.11) ad = 1 '7-13 (1-q2) -

il T ~ It suffices to determins w and va.‘: L1} clutiome of (2.4) and (2 .9). ,inoe
‘ o/po and °//~, can aiwsys be found frcm (2.7) and (2.8) after uand v
ars mown. The selection of the solutior of this system appro;ziata for

the flow arownd & non=yewing cone sylinder ia ssoomplishad by imposing the
' fOLluﬂI\l& bmmdary and shﬁok omd;tions.- Along the surface of the oone

R L

L g :
oé’ssi ¥

Fig. 1, Fuysioal Plane

{2.12) v/m = tan Qg ¥/X = tan 95, 0 X £ 3 ovt Oy, oay £ 2

-

wiere Lhe vortex of the sone has hean placed at the origin, ¥ 1o the semi-
vartax angle, and the unit of distence in the X y-»;:la_m.a iz the caliber of

Pl



the cylinder. On the cylinder
-~ (2a3) v=0,3=3 x22 cot 0

It will be assumed that the welooity of the free stream, 93, is great smough.
and ., arail enough that there will be a Shook wave attuched to the vertex
~of the oone. Assuming that this is also exisymmetrio about the x-axis i%

will suffioe hereafter to consider only the curve in whish ths x y-plans—
outs ths shock wave. On this ocurve, the determinetior of which is part of
~ the problem , the velocities, pressure, density and entropy om the front g
~and rear of the shook wave satisfy the following conditions. The slope of .

V ‘ iih'e'b_'ah'aok wave is g v
| (2.14) &y/ax = (97 - w) v , e
where Q1 ifi the velooity of tho undisturbed flow parallsl to the x-axis

- ahead of ths shock wave, and (u, v) is the vslocity immediately after the
shook. Murthermore, w, v, and g4, satisfy the equation of the shook polar

(2038) v2 (b -uwj =(qy=w? (u-d), %=l 1 Sus 9

741 Q1
whers ; . .
' S N | 2 7 ki
b = . = d e e e
7ML T4 T Ty 9,

The ratio of the density o behind the akook to that <24 of" the wadisturbed
stream is : ’ e v e :

(2:6) ey =1eza @y -/ [7-1) ()]
while ths corresronding pressurs ratio is ' =

) - R

(27) p/ey = (p/) (1 -a®) /{1 -q)) -

The nature of the gystem (2.4) apnd (2.9) depends on the roots of the
characteristic -squation . : ey e e .

(2.8) BEX2 .2 KXsLl =0

It is of hyperbolic, parabolic, or elliptic type mocordingly ms the dis-
oriminant . .

(2.19) RZ = R . 1L = a2 (a2 - a2)

is positive, garo, or nsgative, i.e. &8s the flow is supsreonic, somis, or
subsonic. The fiows to be considered here are sssumed to be supsrzonis
throughout the fluid. Accordingly the system (2.4} end {2.8} =11 bs kypsr-
bolis sverywhsre, and (2.18) will have two real roots ’

T3 3 b ifw o A
L;/\K -— ‘:;" !\,2 = LA = S



The one parameter families of curves defined by djtd.x A dx =).‘.
are the oharacteristic ourves. If the first men ticned xamily i« rapre»- :
 eented vy /B {x, y} = oomstant and thy second by o (x, y) = constant, end
' '11‘ -onarasteristic: curyilinear coordinates { &, 8 ) are introduced, then

Js), (2.9) _"( ‘. ’3) w'ill be tran&omed into the canonic:al rem

"Is._(z.zL fK au

.. R) vo‘ +a’7 v x o /¥ - o.;

(2.24) (x R) ..’@ " L wﬁ +a,2 7 yﬂ/y =0

T‘ne ‘cheice of parameteraa, ,d involvan oonﬂdergble &rbitmrineu,

v From the pmoadi.n disoussion it is clear thet a transformation

X =a(A), B {4) - will leave the form of - (2.21) to (2.24) waltered.
" This f:‘eodr'u oan be' “uzed 6 ‘presoribe the shape of the ocurve onte which

-the surfaceé of ihe cone oylinder maps. Howsver, before this map cen be

. desoribed it is necessary to discuss the general natura of “the solutiom
- of the system (2 21) *ori’z .243 -

~ The spirit of the diam,ssztcm vrlll ba heurietic, but the rafenanees
quoted oontain rigorous formulaticns and proofs of the foilowing prcpoai-—
tions. The classical initial value problem for hyperbolic -sysigms of
first order pa.r'tie,l di"ferr»mtial equations is Caww"s prcblam Kﬁ_].

. If the lines & = const 5 ﬁ < oonst. are character- . Lo
istiog, and 1f initial vslues of x, ¥, u, ¥ Batw

2 T  isfying certain differentiabili ty oonditions
' known as strip conditions are given along the
Bwn~= o wy B - nom=characteristic line segment AN, then a so-

lution having the differentiability and oomtin- g
| uity propertiss of the initial data is deter-.

| mined uniqusiy up %o the echaracteristics BF, AF.

! ) The- solution defined in ATR. iz independent n"
4 : N o tha choice of initial valuas sutaide tha ser-

o1 . AT mont A3. In partioular, this implies that diam-
) - continuities in the derivatives of the initial o
- data wiil bs propagated along ochsrasterintica.. - e e
Fig. 2, Charnotere Ancther standard initial value problex is the
iatie Flane ﬂ‘mr‘..ctnrmtfc initial walue problem [ 6. If

_ values of u, v, x, ¥ osnsisteﬂ* with 1Z.21) to
(2.24) are given along the chiracteristias 0 A, 0O B, then a sclution iz
~uniquely dstermined iv the ractangle DAR. These cmsideratima wuggest
that aoluticns of hyperbolic partia: aifferentisl stustions cas be oon-
structed by metohing togethsr solutions deflinsd on varicus adiscent char-
acteristic riangles and rectr--lsu. :

A mizxed initial value and bsundary velue problem whish zasurs for the



present computations invulves initial values for u., v, », ¥ piven s.iong
ths charscteristic AP snd boundary conditions, fix, y) =0, glu,v,x,y}=0 -
along the non-characteristic lins ssgmemi AB. A unigque continuveous solu-"

tion is determined in the triangle ABP ﬁoj.-

~ Caloulation of flows sbout come oylinders involve the seccnd and
third types of problems discussed above., The flow aboub an inficite right
circular ¢one of sufficiently small semi<apex angle moving =t safficiently.
high supersomic gpeed with attached shgclwave has. been construsted by -
Busemamn and by Taylor and Macooll [14]. For a Finite oome, euch g 08
in Fig. 1, the region of Taylor-Haoooll flow will terminate at the sharso-
. taristic SP emanating from the shoulder along which velues for u, v, X, ¥ s
can be computed. - . s - e Rkl '

- How consider the behavior of the velocity at the shoulder, S, of the
cone-oylinder. At this peint x = y = comet., but the voloclity. changes
 oontinucusly fyom the direction OS5 to SR. The variation of velocity is
that which occurs in the well known Frandtl.lleyer expansion arownd A o0rm~
er. Thuz from the cormer § many characteristice of one family, say K=
const., will emanate. Accordingly, S will be mapped onto a segmont cf a
characteristic /& = const. in the characteristic plane.

Now & procedurs for solving the characteristic initial wvalue problem
nay be spplied, and tha solution for the caronical system of eauntions de~
termined in the expansion fan SK, whare R is a segment of the lagt chara
acteristic emanating from the shouldsr, end M is = segment of = charaocter-
. 1stis of the other family. In perticular the walues of v, ¥, X, y are then

determined along .- e R gy iR ,

. The boundary conditicas along the surfase of the :ylinder ars given vy
" (2413). If a procedure for. solving the mixed initial ard boundary value
woblem is applied, walues for u, v, X, y may be found in the region SR,
Sinoe Teylor-Maccell flow is irrotational, the {low about the cono c¢ylinder -
will be irrotational belcw the streamline that passos through F. Hence the

.~ flow in the whole rezicn 3RR is irrotational. - : :

. Adventage wns taken of the permissible arbitrariness inm the choloe of
characteristic parsmeters o, /9‘ o stendardize the maps of ths region
SHR onto the characteristic plana. Such standardization greatly sinplilies
the routine of machins computing, of courses In particular SP (Pig. 1) was
mapped onto S'P in Fig. (3); the shoulder 3. mapped onto the sepment 3;5%;
and the cylindsr SR, mapped onto £3R% :

3 ?LP, V ", & -I . o 5 — .5’" ‘5‘!'
[¢2.87 ?x&&‘ JSuey . pe P
| }i S Q=
i Lo - Eadk i
(s’ LA

e Atandard Hap in the Therscdsristic Flane

ot
[ 9]



DESCRIPTION (F CAICULATIONRS

. The essential reatures of our caleulations eof whioh a mors exteasive
account is given in 6], wi.l be summsarized in tids section.  The fHunotions
x, 7; Us v will bes determined approximately by & scep-by-step proceas at
the lattioce points (k, {), where kx 0, { 2 0 ars integers, in the trape~-
zoidal region 0.£,2% 8, 0 s %£/3 + 8 (Fig, 3) of the characteristio &8
. <plape, In generai, the computztional procedures can be dosoribed as follows.

Consider any lattice point (k, f) for which the values of x, ¥, u, v, are
Jricwd at some of- the adjacent lattioe prints. In the differential eguations
~ and Boundary or initial-conditions relevant to (k. f}‘evaluate the coeffi-~
- cients at-adjacent latiice pointe and approximate the derivatives by diff-
orence quolients based cn velues at (k, f) and adjacent points. Observe
that the fundamental partial differontial equations for x, y, u, v are
quasi-linear. . If tho boundary or initial cconditions axe not linear in
finite form, they can be reformulated in a qusgilinesr differential form
also. Aocordingly all of the difference equations just comstructed will
be Iinear. Their solutions are first approximations to x, y, u, v at
(k, ). Higher order approximations can be obtained by setting up an~
iterative procedure that uses sarlier approximations to improve the valuss
of ths coefficients used in the diffsrence equations, An account of the
individual computstional prosedures will now be presented.

Taylor-iacosil Flow

The initial values x, ¥y, U, v on &= () are obbtained frcm the downstrsam
characteristic through x = 5 cot Qg, v = 2 in 2 Taylor-Maccoll flow with fres
-~ ghream veloolty g4, sbout a cone of semi~vertex angls G5 with its verdax at
the origin. In sufh a flow tho velosity

. - Y
u = ul{t; ¥ = v(t)
is assigped to the liins = et T Tl

(3.1

R W

xut{t} ¢« y vi(z) =0

' where accents denote ¢iiierentistion With rsspesi.iov lhe paraueber Ui
Since u and v, and hence t will vary omn X = 0, introduce ¢t as the paramet=-
or on this curve. Then by (2.22) and {2,24)

(3,2} Hy' - {(E=RY-x*'«D
(R - RY ut + Lv? + 4% vty =0

Xow choose
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K, YA sy ATy

(z.4)

B
-
L}

of
-_b\

i
L

-(% -R) (y - L&/E-R)ué/a%r
For futurs reference it shoﬁld,be:fém&rﬁad that the stream functicn
(3.5) z = (1 = 42)1/7'7‘1 yiyu - xv)
Boundary values for the gysten (3 4) are
7(3.6) x =1/2 cot 8g, ¥ = 1/2 wﬁan £ = 4un Oé
q; = q1z and g (%) =0 whon t = ty
where 0=ty = tan O and |
(3.7) g7 (%) =u (%) + v lt) y (£)/x(%)
(3.8) ¢(t).= (v + mc/y) (u - wfy) (¥+ 1)/(r-1)
- Gfy) [XEAR 41 (v wfr? ]

In aschtual comput l'm i8 replaced by
an initigl valus prot = tar 9g we add
.9 = usec Oy = g whore Q. is ar arbitrary const*n&e- Then the final
value t = by is defined by #{ty) = 0. If qy {ty) fails to approximate
91g to within some preassigned tolerance € , the original initisl value
4, 18 replaced by the new initial value

OMe

(3:9) gq + 1z - 93 (tn)

This process of modifying the initial value q, and solnng the ms_ua
value problem is repoateld uﬁbxl 91 (tw) appraxlmates q,, t9 the presoribed
preoisicn.

3 = - s - - i e \ P T o
The numsrical sointion of the s,rsta\u e .41 was obtalued by Hsw inte-
——cmla® s b T 1%, —ef i Y - Husena 2 ST I S ez [
LIVvviiie leonux\ ..UGLAJ » uul:} < u:ullu Tavia JA;L.L i vwouue g ab \usn‘ LGa .Luu.l.aln ULl

sider the differential squation

: x' = £z, t) with iu;t&ﬂl sondition x (fo) = Xge Assume z(t) ia
mown. An approximation to x{t +At) is desired., Let -

x, s x(t,) + £z, B5) Dt

and then define the desired approximatisn anm

{361{:‘) X g\to + At) = I ‘\Ao !% L\Xo. tg ¥ _" f{xlg tg"l:‘)t} i ;)t
Fhem final valusa of q, and & were determined /it wms checen 4o e
{tq - Lyi/m wheren > 0 is an integer. In tractica = waz ~ommonly chosisn



e 32, eund only every fowrth Taylor-Y¥accoll point compited by the
wae recordsd. 1n certain ocades, whars the aone angle was smail

B e
=G

K

7%

1K

and tha shook weak, so the characteristic sp (Pig. 1) extends very far
. downstresn, it was nscwssary to deorease the jucrement At by taiing n
to be as lerge as 258. :

Rrandtl-Meyer Flow .

The initial values of X, ¥, U, ¥ on /3 = O for the flow around the shoulder

S gre ocbtained from a Frendil-lsyer type of oaloulation. Sinse sguatimms
(2.21) to {2.24) are valid near § it is ressoncble to assume that they will

~ at111 apply in the limit at S. But at S, X, ¥, ard/fars sonstert, while u,

v, and x vary. Hence (z.21) iz trivial, but (2.23) impiles
(3.11) Haw+ (K -R) d&v =0 | "

Since H, ¥, and R are lmown fanotions of v, v, (3,11) hes a unigue fanily
of integral curves in the v, ¥ plane, the Prandtl-Busemarm edioycloids.
Tose can be described explieitly in varametris form in torms of trigono-
matrie funntiens. For machine computation, however, 1¢ ia gimpler to in-
fagrate the squations numerically than to attempt to use tha tabulated
funoticns required to comstruct the explicit solution. If we introduce

(3.12) t = v/u
then (3.11) reduces %o
(3.13) du/as = -u/ft + 0HAK - R)

where in H, K and R ona must set y #ub. Fort = tan 9y the initial value
of w i u = q  cos Ry = q./(1 + tz»)'é‘, whsre 3, and @y have been defined. in
the discussion of Taylor-daccell flow. The final value t =0 corresponds

+o v = O aloag the oone. The known interval 0 & % S tan O, oan easily bo
divided into = got of equal intervals At = ten 0g/n end thon u{t) omn be

determined by Heun integratiom, In prastice & was commeniy taven to be 32,
Vat only every fourth Prandtl-Heyer point compubted by the ENIAM was resord

ade

o . < AP Ty . 5 ” z

Ths method chosnn Yo {2.21) 4o (2.24) numerically 16 an iterated

sncond order procass | 5] Ummsider the roctangle {rom the cotrdinata iattice
hiem ’ )

in the & . /3 plane, show .

: N ]
T 1 1 1
Lt N iP e &)
+ +
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k3 T ;
~ z i
Nt - L&
A
&4
b e b s — e et ——] —‘,-.
s.i £ Tuiu £ 4
J .
Flge 4. 'T;f;;r*—lii Sanfigurstiom in in®
“harascteriatia 1



wpe[a® -u (0] /28,

. of grid sfze. Th

¥, O are the midpoanta of LP, H, regpectively snd M is the centroic
the rectangla. Agsumo tre values of X; ¥y uUs ¥ are known. at the poil’s
1. and U, so a charactaristic initial value problem is %o be goiveds To.

a first order approximation, the values of X, ¥, R ¥, at ¥ are tho means
_ of the respective vajues at L and U, while the pertisl de: '
. 'be replaced by the following differsnoe quotie e
; ' /35 yoto. Sizmpe (2.21)-to (2.2%]
. tHey yield a-set of 4 linear algebrais aquations- in 4 unkn

wns , indepernde

This set of equabions may bo solved for Tirst o
for x, y, u v.at Po - Gnce approvimations for x, ‘75 W, ¥ are kaown at B,

T R T e xy, us 7 may bo ovelusted st N and O aad the partial deriv-

ativer may be replaced by the same differencs Guotients, However, evaluat-
ing the oveffiocients at N our O as necessary gives a sevond order approxi-
mation [§] to the differsntial “equations, and the numericai values of X,

¥, u, 7 now foind sre called second order spproximations to the values at F. N

If the zioi;n*:'s A, P in_AF-ig. 4 lie on the surface of ﬁha cjri-i;zder,_ and
if the values of X, ¥y, &, ¥ are lmown at L and ‘A, the following process can

‘be used to cbtain the values of the variables at P, Equations (2.21), (228} . - :

and the boundary conditions (2413) v.= 0, y = 1/2 must be satisfied. For =
first approximation the ‘values-of the cosfficients at ¥ sre approximated by

the mean of the values at L and A, partial derivatives with respect to ctare

‘approrimated as befcre, and first approximatione for u, X are found ‘at Fe -
Then the ocefficients are evaluated at N, and a second order approzimation
for u, x is found at Pe . - :

This iterated second: order method was ussed becaues it je simple: to ;rfa-

gram for o machine suoh as the ENIAC which has rather limited storage spans.

In sddition, for fairly large grid sizss-second-order:processes oonverge mich

" pore rapidly than first order processes. Clippinger snd Gerher [51 have

shown empiricsally that this partioular method oonverges Pairly rapidly and

two grid sizes, one using eight input points each from the Tayler-Mascoll
and PrandtlMavar initinl data, the second using double grid sire or four

-

points eash Trom the Taylor-Maccoll snd Frandtl-leyer data., Then the aBsump-

tica was made that the error made in 2 given caloulstion varies af the &gquare

of the grid size. If £ {1/4) denotes the value of any of the {wmotions X, ¥,
G, ¥, z somputed in the coarser 1/4 x 1/4 lattice, while £(1/5) denotos the
value ccmpited at the same point in the fimer 1/8 x 1/5 grid, sad £(D) de-

notes the limiting value for zero grid size, “thip lesds to the extrapolation

S formmla

- et ™ ol st fa /

(3,18} £ {0y = ¢ (1/8) + [£(1/8} - £{1/4}) /3 .
Such an extrercliation was sorformed at ell lattloe pointa {¢n, 2%, & B 1,
¥ =1, Up the besis of Clippingeric and Garser's gmpirical results G, ¥
should have trunoetion errors ol l=ss tharn Tx 0, xed x 107 mnd

- approximations

‘smoothly. As suggested by their work, these calculations were performed. at -




y <2x 107%, "é#inna +;m"
--'the rcnnd-o"x arm s shc

; ‘Jhen tha ﬁﬁmi»&pex rmgie of’ the eons m"'b and ‘che ’ne stream. 7&0‘1 i
 number. wa _-:z:lose to-one, only six or seven signilicent figuret could be' -
. leulatims because of the largs range of size of-x and ¥ oo
_-i’ha msul‘ba fo; large o, /3 8TE timie affested by md-soff :mr &5 wul
as Trumocation Orror. E*m Lor thue c&ses, however, the -
also carried cut to /I 4 or LT with mors slgx:ifm
Jd.ﬂx nogl* gzb,lzm ’rovmd«-ofr erYor, -t fELh :

masm Dintributiengé stxa.

: Along ’tha aurface of - *»ha oylinder the lmul Mech nwnber and tht nﬁa:

of the local pressure, density and tempersturs to the fres stresm préssure, '

density and temperature respectively were csloulated using equat:lrma derived -
from the Rankine-Hugoniot equations (2,) and the equation of “states, In the BT
following equations Q, is the semi-apex sngle of the tonical shookwave, G

~is the free stream Mach numbsr, q, is the magnitude of the velooity immediate-

" ly-behind the shoclwave and 9 15 e magnituds of ths velocity at bMe potnt

" ‘o the surface of the body:. B e : i .
= [5 45 /(1.q«'h]% | s
7’(3»"15)1 p/pl = r{” e -inz _-- 1)/2“1-42)] \142) Ve b T P

-,'_ - . 2 el ) . £
,o/{o [“2 Lt sin" %,/ 1""'1 sin" g. *: ’}\1 23}(_1“343 5’/‘2 R D
5y = : =, T

umnen"s on- ?Achina Gomgumtion TN S

_ Tha 1~ng‘h of t:ime required to cede a eomplicatea pmb = for ecm:%as- Fn SR B
Uion by = -figh speed computing mechine may very well considmra?ﬂy exgead - TR A ey g
thut necessary to carry oub the. somplm*;xm geveral timss m._nually. i e, Feeiai . o
rive reaal henefit from tee of ks masli=s <o <o uweaumry %o ompply ivtow - - e
mmtitive computation with a greet number of sizmilsr cases. For such mass
produstion the wtmost standardization is desirable, Not omly is a stendard -
computing routine necsssary but it is even convenient to trangform variabvles
. 8o that iz all casés the domain of the indspendent variablsa is gln.y'a ﬁm '

: -".'i..ame, a8 W3 ufnv?' done in our cnaif:e of c"mractfsnﬁfiu mi.

* A am«se:;...:sﬂ-a m Xo’lmmc a #ai rc..ftme iz the xac* th&‘? the Buabers

‘at 8 given stags of the ’*nlcu"atim ATS always ‘handled in the sems way in o .
all cases ‘.:s:zsiiar’e& However, s machine is desipned to deasl with nuabgr; : s e B
containing only & #ixsd number TSP Tdigits. T avoid losmg the most signi- AR
ficant é:.gi* 5, & number must not he neld in the machioe too far to thy left,

while tv maintain s high laval of sccuracy i1t must not be shifted toro far

tr the right This meare thas mains must te talwn o astimals ths erpsoved

o L

-t



"In owr sore oylinder calowlstions ranges
‘possible by stta;i‘ghtfn‘rwarﬁ-mﬁipﬁmtim; of &

flows, [ 2, :2] « In other cases estimates ha

. were then modified ‘as the computation progres

ienges of sizes of numbers as precisely 48 possible. SR

of values ware sstimetcd when '
he expressions encvintsred or

by refarence to well known tabulations of Taylor-Maosnll and Premdtl.dever

d te be bagod on gussses, whick. = -

- siopylmothor fmportant aspect of mechine caleulation is (e detestiom ot T
© . .errors,.  To test-for errors produced 1y ingerrsst seding or by mig-get - o0
© Bwitehes, the resulte obtained ‘step.by-step by the ENIAC were compared with

SRy

& hand-oomputed test rn. A guard against intermitbent errors An ENIAL op- -

- eration-is to perform all computations in duplicate, and to retain only.

the results obtained in-thoss cases in which

that arise from improperly shifting or handling numbers may becoms evidenmt . <

ences followed a reasonabis trend, and then t
plotted in both the. physicel (xy) and hogdogra

mmcothness .

T LR ] DISCUSS,IGF”V”ESULTS

_The csloulated family of flews about sem

ature ratios, and looal Mach numbers at point

both sets of Jats sgrse. Erwers

- in recorded functions, especfally at the carry-over to the next highey powsr -
- of ten, To test for these and. other arrors,
Seristics A= gonst.) were first scanned vis

the tabulated dzta (on chras-
ually to-make sure that differ~-

he charscteristio curves wers
ph (uv) -planes to check for

e oylinders is characterized

by the values of free streem Mach number ¥y ‘and conn- semi-vertex angle -}
- listed in Table I." Table II Iiste values of

pregsure, densify; and temper-.
8 of the cylinder. Table III ~

oontains Taylor-Maccoll data, Table IV free stream dats, Figs: 5 %0 8 und

12 %0 12 depict the characteristiz nets in the physical {xy)_snd hodograph

{uv) planes for a numbsr of sases, Figa. 2 and 14 pressrt selested denasity
L ratie}]'dg_‘ca.iﬁ;-gra;micafx,_f_:orm; Figs, 29-%0 38 sumearize graphically the -
) pressure ratic-data for the entire family of flowg, = . 57 T el s

P Judgment;s of the -szouracy oJ.‘ these caloulations oan -be fo:':“-ad on ‘k‘aa S
- foliowing bases. The present Taylcr-Hgecoll flow caleulations for 7= 1.4
- have been compared with those of Kopal: [;z}rorv 7= 1,405, Fig. 15 showa

Hhm wamal o e e BT e cone a3 8 func¥ion of the fres styeasm

‘Mach number ¥, and the. 25ne somi-angle G, for

flows. In Fig: 16 4ha shoskwave angle Sy has

4y and 1,58 in Qe The presant Prandti-Mayer

both sets of Teylor-Mascoll — -
been plottad in terms of the .

same varizslass. In geusral the egreswent is very good, to withiz 0,68 4n e

fluws have beed chenlmd as

follows, " It is wall jmown that the.hodographs 62 the flows arcund the - .
shoulder of the cone eylinder are Prandtl-Bussmann ericycloida. By sultg. - _
ble rotations about %he origin all of thosa epioycioids can bm brought -~ -

& N 2 s Y Iy 4 I =S AL F "7
inte soirvcidence with the one witeh pagses through u = | ( ?f.;;)/{)’_'.,.-;_)_j: 2

¥ » 0 and iles balow the u-axis. How ek W .

P

i

Py

be ihw dirsction of the va-

& 3 w . ® -
logity at the_ roint of this stendard epicyclold where g = 9., ‘Then o

ary cone cylinder make the rotation -

Sa ¥
o~



;{5,',‘.":'.3 u (mg'.'('ﬁ . &mt':}.'. +sr§»ih Lﬁ *w oJ=i
=t ilixl {og +a, ) tv.com {04-&)) L e
-- s-.r s

» 5 S By vir'tw of the &sfiaitim ofwu. {u‘ i v’}
fur tim A3 =0 will be on the standard e uyoloid.‘ Gensrally apouki.ng,
for smy particular oase the £it of (n%, v') taken frez 3 = 0 will de- = -
teriorate with iné“auﬁing &s - Aecording]
vt for =0 only. This ham bheen dome in Fig. 17, the solid
L. ourves b
© - seen that: Yaiu.as or u chsok A w;!xhin OQ:E%,_ ,_w‘i_lla tho_ vaLuas of ¥ are
:omtbat'ban L et 1t

1 ‘,‘me a.ecmraey of -{sne aampxmtinna o:t poixxf;a in t}w v.id W frm. .
t‘m ocno oylinder has heen the aubj it of an empirical study reported in
L5_] o As indicated by the hedograph plots of Pigs. 8, 12, and 13, the )
greatest variatiom of valuci*"y occurs—in the expansion fan SR of Fig, 1,
Thia suggests that the. omm‘t;ntian of X, ¥, u; v, zet Q will bs n*itiou-_ '
in “an investigatlion of aocuracy. JAocordingly, for. a 20° cone cylhﬂor -
¥ = 2,13 the flow in the expansion fan was oumputad, with not only et -
usu&l Afe-x 1/4 snd 1/8 x 1/8 grids; ut else for 1A x 1/h grids whare

-~ ko= 3,4,5,8,8,10,12,15,16,24,30;32, As indicated in Fig. 18, this makes
xS pos sitle ',t:'t} dawmmne empirmally the limiting values of x, ¥, u; v at
Q@ for b= 2o, In this particular case the value of amy function f‘(fa
P (TR v) at Q for grid size h was apﬂraxlmfeu in tho fom :

;3. % Pm::z £its of tz:.e “type- Obson‘ad 4n Fig, 18 it
mw-“m at the two fairly coarse grid sizes with

G e .= oo in the formulia above, walues £(0) _
Jﬂp‘.‘z!’&.ble o thosa obbained with & grid seven tms i

= 28} and- th&c T&t&“ %o tmee or four significant

nts.rwquits 5f. Flm oalenintions ab the. 1/8 “'_,a grid

tad fn rarn ov-{a M e ‘nf‘nm-"“lh« =an kn amad de e

WBYE 'F;_i_rit‘i;,,: a values of r, u, ete. at pointe ( &, 3 ) of the 1/8 x
/8 grid; ;L oo n‘f‘aix:% in f}.e zeprg grid can be reduced approximately te
af the required corredtiong on those obsorvmi
4t of dats, As indicated by Fig. lq,

[thsse -':‘fa‘m:‘ians »i }j,_-gaamraﬂ*r be on the ordsr of & few tenths of 2 - ST
“cent, so-the 178 x 1/8 deta w1l prodably be acsurats sﬂez.zgh for mest purs -

Bacchdly: AF the *a%lt.c for the L’i x 1/4 gn.. ‘ars dagired, tmry

"911;5;3_ : '1%:'.:.!,jv?"s““ el Teeen

S ﬁhould :m,fﬂce to plot u',_'_."-# =
‘stendard spioyoloid (obtained, e.g., from T2 )s Tt “ e



Looastrouse . ..o oo

TIn apply:l.ng tha inf'ormation oampxled in these tables of £lows tver

cone cylmﬂers it will often be necessary to intarnticte’ betweon ‘he tad-

ulated Og and ¥y, Some indieation of the oonfidence with which thiz can

ba done iy given by two spscial rxa.mple.a.' ~Fig. 19 compares the “exart”
pressurs distribution compated. by the FENIA by 4the method of charactoria-
tics for Gy = 150, My = 2,3 with that obtained by Lagrs,»go s three point

- ‘interpolatich from the flows for 0, = 15%, My =1,7, 2.0, end 3e0a Lib*
© . wise, Fig. 20 ccmpares the exaot” pressure ﬁi
M3 = 1.7 with the results of interpclation baged on My = 1.7 8,
180 and 209. In these cases the pressure di tributions abtnsmpﬁ by both
methods agree to within 0:2%.  Such closs agreement is wot mexpectsd. It
~'is true that the. interpolatsd value of X { & ) may be ‘inacourate. ~Fortu-
nately, tne hedograph plots in Figs. 8, 12, erd 13 show-comparatively slight

atﬁ‘aution foxr Vg = 1289 : e
‘.': 1(}‘1 s ) § s s

velooity variation outside the expaunsion fan, - Aoom‘dingly’ the superposi- .
tion of errors in t;he in'borpulated value of X ( o) and & ) is not dis-

A &ouble mterpolaticm on 08 and Hl naa been peri‘crmad to ma.ka a 'nry
rough comparison with the results of Kal [11] for @y = 21°, My = 1.85u In.

. genere.l, *‘he 'mluas oi‘ P/ 1}1 on ﬁta cylinder wheck to within 2%,

e L]

- Fig. Jcomps.ras pres3ure dictri‘butzons computed by uhB ‘method ai‘ ohfire - - tm_
asteristios with some obtained with a methed devised by Lighthill fl for
thin bod*es.- Hsar the expansion at ths shoulder the agreoment 1s good, and

~for O = 59 ‘the two sets of results differ by only 2 «b% &t a point four

ca‘:.bars from the shoulder. For the thicker body wim Q = 109 the ;gr'ae-
ment determra 86. rapxdly with increasing X.

Two types of " exnerimanta‘l checlns of the *nlsul un‘nz hn.ve been mde- :

- The general nature of the flow field as g whole can bs inveﬂmgatesd with

the aid of interferograms, such as that in Fig. 22.. if thore wers actuslly
a regicn of: $w;ﬁf»meﬂo‘1 flow near the cons, then for. masurammzts in this

~ wvieinity a vlot of 2lx, v)/x vs. y/x should be a.curve, wheres(x, yJ is the

fringe shift measured at %, ¥ [ed- rig- 2% tends to confifm Tros prsaictim.

|

Furthermore, the data from tracew 6 and 7, =2ad alsc visual e?mniuation of -

© - the interferogram itself, Fig. 24, s\.,,ge»t that the regicn of a] proxzmts

_Ta.ylor-ﬁancon flow has the genersnl shape indicated in Piga. 6, 6, 7, 109

- and 11. - A ocheck on the nature cof the rest of tns fiow Tield is gim ¥

There seems to be fair: uualﬁ‘atlw agresmant oatwasn ths two
. SUrVeS In particuiar this shows tns prssenss of the expsnsicn region,
though,m! one. would ﬂxmrt, tids has ﬁnilmd around” the a."ouléa,; ;H“M-'%‘,stu i

Figs. 24 and 25, The former sontaiai theorebicsl istpyenals, #hlle the

- latter shows isopyanals caloulated from fringe shifts measursd on an inter-.

Terogram of a cons aylinder with €4 = 30° in fres fiight at H} ST
m&.lioa of

Fits. ”* te 28 show PG‘ﬂi,ari'lmﬁ “of computed pmsaum distributions on
a cone aylinder with O, = 107 et ¥, = 1.8, 1,72, and 220 #ith Duingsrfiald
wind tunns] results fnr ‘the sams body at small anglas of sttnck not szceed-

- ing 0.3° Lﬂ » In gmra& the agreemant im juiiles. satisfastory. On ths

- other hand pr@ssure coeffisisnts measured at Suidenia {5 at Hj = 2.0€ dis-

agree wiolently wits those calculated from WIS reszults for My = 2.00.

n. ¥, Clippinger I E. Giese R T, omrter
Brdlig ) R 1._.
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' Table II. (Only the zero grid values have been corrected. )
) )
e, = 25° 1st lire for p/p, = 4.00760 read 5.4902
» M = k.o for p/pl = 2,54670 read 3.0164
| for '.r/'rl = 1.57360 read 1.8201
r
p/p, o/e; T/T,
- o = 50° read 15.722 4.5201 . 3.4783
M = 4.0 0.7980 0.5376 1.4842
1 0.8L00 0.5577 1.5062
\ 0.8777 0.5755 1.5252
_ 0.9322 0.6008 1.5516
, 1.0118 0.6370 1.588M
1 p/p, o/o, T/T,
e, = 50° read 23.498 4.9656 L. 7302
, M = 5.0 1.1791 0.5858 2.0127
s - 1.2252 7.6021  2.G349
' 1.2838 1.6225 2.0622
j . T 1.3558 C.6473 2,0946
i ' 1.4505 c.4772 2.1329
' v v/p, poy /2,
: 6, = £0° reaa Ll . 4og 5.4821 8.1002
£ M =70 2.007%  0.5003 3.3439
1§ 2.0729  0.5142 3.3748
;;;. 2.1556  0.¢316 34127
g\(; 2,2513% 0.€515 3.4553
2,311  0.6740 3.5026
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9, = 10°, M = 7.0 for ﬁo/pl = 364.U5 ,vw.:eéi; ;
0" 45°, M = ko for po/pl = 9,237s ek 4 |
" 8 = 50, % =40 for Po/Pi = 2l Y79 wewl
for p /p; = 6.755(
8 = %0, Iy =3 for p /p, = St.hzu vid B
s Ter PJ/’-'.1 £ 8.863t) xault v
8, =50" M =70 fou b, g 2 vesd
for p /p, = 11,327 wexd

—

YT )

R 1 B
g o
I |
A b
I B Al
[
2 | |
o ‘ ;
- % \.K
| > il
g
N ¢
K
S ;S
ra N
L5 o
£2) 4
L % il [y
7 ¥ & LA
PR
ey
1 _.'.




et e - - L s P
. I.l\ L3 W’hﬁ/.ﬁiﬁ.{.ﬂ.ﬂ'\lﬂ. S et SR oﬂ _Vw\.“tl.w PNy




r~ . M musn. T ) ’ i .n :J:o!o..um...._a_:s‘
ot L,.06L 008Y-AVETL
S91PO DD 1

TEOLIPN Ay Soanjvualy €. § T /
¥ - ¥ N.«l‘.\ opuosiadng ‘aord \\ Q\w\ Q%@\ -~ /L V.,\\ioNV
\M - sorueu | (L) @ouaiajiau] pue sauodwo) o1Isesed :NOILOIS
_£poaay - UOTINJOARI JO SAIPOH* SONIAVIH 103rans | . R - () $OTWEUAPOI3Y  NOISIAIQ
. / } 7 OdvD woiy afqeureiqo sardod : NOILNSINLSIA
R \.«“RV‘\\ 7. P B
/7 /Y e/
Y

-gynsad [eudwyIedxe YA puE S3DIN0S IIRO woay suoriendwod Yy padedwiod uaaq ey sjnsax
SVING oyL -Arreoruders pajuasaxd uasq sAey Os[e BlEp aunssaxd sy} pue ‘paje[nge) usaq dAey I3pur[Ad
21} UO SUOTINGLIISTP JaqUINU YIEW T80T pue ‘ganjesodwa) ‘ANSUSP ‘danssadd "XI)I0A ay} IeaU {Boju0d
puE 0} PaYIENE ST 3ABM ¥OOUS 8 TRy} yous ade ‘L ‘G ‘§ ‘¢ ‘2 LT ‘GTT ‘g1 1es Ay Ut paUTEIUOD ‘SIaqUInU
yoeW ay) anum (013 Mz1) 4G W0y oW JO S98UR X9}I9A-TWIAS IABY SIUOD YL *[BUOL}}OIIT BIE SMOJ A}
axoym £poq a8y} 4q pue ‘aAem HO0US Ay} JO jaed ([100QBN - J0TABL ) [BITUOD 3 £ 1O T)RUTWII}BP JO UTBWOP
2y} 0} PAUFUCD dIM suoryeandwod [V *I9Indwod [edjemayiEw DVING 3y} Uo SOIISIIINDEBIEYD JO poyRW

ayy 4q 03_::2“8 u3Rq Sey SAIPIGILD :OQLzkosz/cC u.EDm,wﬂn:m. u.fﬁwavﬁﬁ Apeajs pyostaur Jo A[rwey v
(oureg) sydead ‘saiqe} L6 ysyBug s'n * OO 06 JAng
. - __ sNOlvIsMl 539Ve JOVNONYY AUNNOY SSY1d 50 auva _
ON AINIDY ONIHSIIENG (owes): A8 QIHSIENd |
6oL i “PIW “*Sqe] YoIeasay ONSI{IEd ‘punodo Huraoid usapraqy 1 A\ONIOV OO
‘e ‘ae3aED (HCL ‘9Se1D d°Y ‘198urddiid (ShoHLNY
ON ADNIDY "OI¥0 .
(ouoN) ;Y . (3x0day sa1I0}RIOQETT yoaeasay onstired)
. . mmc_m__w“a” vje( 99eJang {1 1Ied - SIPWIAD au0) INOQY smor oosyadng Jo salqeL :3TLL
g1 - i

o a

o o AaRLs




	0001
	0002
	0003
	0004
	0005
	0006
	0007
	0008
	0009
	0010
	0011
	0012
	0013
	0014
	0015
	0016
	0017
	0018
	0019
	0020
	0021
	0022
	0023
	0024
	0025
	0026
	0027
	0028
	0029
	0030
	0031
	0032
	0033
	0034
	0035
	0036
	0037
	0038
	0039
	0040
	0041
	0042
	0043
	0044
	0045
	0046
	0047
	0048
	0049
	0050
	0051
	0052
	0053
	0054
	0055
	0056
	0057
	0058
	0059
	0060
	0061
	0062
	0063
	0064
	0065
	0066
	0067
	0068
	0069
	0070
	0071
	0072
	0073
	0074
	0075
	0076
	0077
	0078
	0079
	0080
	0081
	0082
	0083
	0084
	0085
	0086
	0087
	0088
	0089
	0090
	0091
	0092
	0093
	0094
	0095
	0096

