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Pressure Distributions over Bodies of-Revoiution for Axial Flow.

Abstract: Calculated pressure distributions are givep in tﬁe'fol_
‘lowing report for 12 helf-bodies .and for 39 bodics.of revolution

ot the Gase of axisl Tlow. The nose radius, the thickness dis-
tribution, and the trailinc-edge é'np.le ele varied,. whil_e. the'i‘iné_-_-‘ "
neés ratio was assumed practically conStant'tﬁroughout at 1:5.

After a review of the systematic calculaticns, examplés are given

for bodies with assigned contours, as well ac a discussion of.the

effects of other fineness ratios on the pressureAdistributipn.'

:Outline: I. Designations of the Body.of'ﬁévolution
II. Review of the Calculated Eodies‘or Revolution.
III. Podies of Revolution with Aséi;ned Contours.
Iv. Discussion.

V. References.

I. Desienations of the Body of Revolution.

An account 1s given in the following feportAof 59 bodies
of revolution and 12 half-bodies with thelr calculated precscure dis-
tributions for the case of axiacl flew. The célpuiétions viere based
on the method of singularities, as presented by F. Rierels and 1.
Brand in Uif** Report 3106; A review is given dn poge ll“of the singu-
© larity distributions used, and the coﬁstants used in tihe czlculations
are listed on pages 12 through 14. | '
First of all the review deals with the sepurate singularity

elements that are used to produce the bodies of.revolution,'mhich

M

* See the reference on.page'7..



elements as sources produce half bodieé in a parallel flow. The
length of .a singularity elem:nt i; designated by x5, the infinite
asymptotically-attained bourdary radius of the half body by R,
(2Rg = Doo). The ratio of the strength E of the singularity element
to the velocity of oncoming flow determines the valﬁe of this
boundary.radids3 (E/ﬁ?o = Rozj. The‘snmmqry op.page‘lzfthereforé
pregents this ratib, and in such‘a manher, fhap the values of the
bouhdary radiﬁs Ro are referred to the lengths x5 of the singulgrity
elenents, (Roz/xoz)._'An area of 1 cmz‘signifies thereby & value of’
’.,Roz/XOZ = Q.zp‘in.;he summary of half bodies.on pé@e 11. o

The summary on.page 11 also gives the combined singularity
distributions of bodies of revolution from the separate singularity

eclements. Eack distribution is thereby desisnated according to the

plan: .

: (1) The series number -
For example, V2 is the third model of the fifth series

(¢£) The short desicnation of éhe body -
Forcexample, 0.46 ~ 20 - 40 ‘
The first numher indicates the nose radius
(3’/9//d2max/za), whereS is the nose radius, (
o is thé lensth, and dﬁax is the maximum diameter

of the body;

the second number is the maximum diemeter of the

body in percent of its length; and

the third number is the rearward position of the
maximun thicknéss in percent of the 1eﬁg£h of the
body.

.The swamary on peges 12-14 contains the fellowing data for the
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calc:ilated bodiés of revolution and the half-bodies:

(1) The ratios of the séparqte source - EQ) bzw. sink
strenzth (EQ) to the total strength of all sources of ‘a singularity
combination.

(2) The ratios of the total strength of .all gounces.df a
combination (E) to thevvelocit§ of oncoming flow, in the form R02/L2;.
(Roz/Lg = E/mvole). Thé boundary radius Ry is in this case also
referred to the distanée L, thch extehd;.from the beginning 6f the
first source element to the end of the last sink element. In thé
data presented on page 11, 1 em® signifies Roz/iz = 0.0512,

(3) The length Xgy Of thé source ‘element, referred to the
distance L. '

(4) The length xdv of %he sink element, referrcd to the
distence L. . |
It should be noted that, as concerns.the data for the Coordinages of
the bodies of revolution, tley wére determined graphically end £here—'

fore have u limited accuracy.

II. Review of the Calculated Bodies of Revolution.

The prQSSuré distributions of the closed btodies of revolu-
tion precede those of the half bodies, and iﬂ fact each three half-
bodies having different strength of the linearlyfincreésing, constant,
linearly-decreasing and second-power decreasing source distances, wvere
designated with their pressure distributions. The_bodies of revolu-"
tion then follow which are organized in eight seriés 411 of which
have a fineness.ratio amax/l of ‘about 1:5::. A

The first gseries contains “nur bodies which have thelsA;c
rooe radiys but different thickness distributions and‘differenﬁl

B



are obtained with different nose radii by the cholce cf vurious

¥

trailling-edue anjgles. Lody Iy is a source-gink hodj. NS sdurcé
point is maintained in the fqllohin4'thrfc Loaies but their sini
points are éisplac d by u'sink-disuributiuh t:iich is. dis ‘"buted
further alomng: the axls of e€ach body.

The second series in"ludes eisht bodies in WLich the
nezinum thluLuC ses are locatcu at about the 40 perccnt position

and in which the trailing—edge angles are 211 sbout the,same. Hodies

source e€lementse ’

The third serics, ll}Lvlbf with ei;hﬂ todies, corresponds to

the secona serics with exception of th rear portlons of bodies III7

and II1lg, Les the maximua thickness at 50 parcent and exhlblts a
variaticn in the nose radius similur to thet of the second series.

body III; reprcsents an ellipsoid of recvolution und body IIIg poqseS°e<

Nt

a constant pressure distribution to u good appr071nat10n.

The fourth series presents ten bodies of which ﬁhe.first
six have their maximum thickpness at 60 percént, vFéllowing these,
however, the maximum thickness t:a&els formapd to the 45 percent
poéition by the effect of the source. strength which is qoncentratéd
more and more over the forward part. The trailing-edge angle is
avbout the same Tfor ali of these bodies. The vufiatiéns are due to -
the choice of different source elements which are all aLout o0 per=-
¢ent long. In this manner a wide varlatlon of the nose radius is
obtaincd, It is thus possible to obtain ;'good trensition in pres-
sure distribution from one which constantly decreases to the rear,
to one wh ch haes e high suction peak at the front. , S ' b

In the fifth series, eight bodies.with almost equal thick-~

ness at-the 60 percent location and about the same traillng edge
; ", .
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angle, with tﬁe exception of Vg, have the source elements still
further subdivided. The effcct of this subdivision is investi-
gated upon the resultingz contours together with their pressure
distributions.

' The sixth series includes seven bodies baéed on the
same type of singulari%& distfibution,Ain-which-the sépafqte
singularity elements are chosen différéntly; :

e The seventh and eighth series with .respectively four

and eisht bodies all have about the same forward parts, but for *

these cases a serles of sink combinations were chosen.

Y

IIT. Bodies of Revolution with Assicgned Contours.

In order to complete these systematic calculatisns two
examples are presénted in which the contours are . cosigned. Tor
this case the singularity distributions, given in a siﬂplified
manner in Report UM 31006, which in ccubination with a parallel
flow produce the assigned bodies of revolution, must first be
determined from the ‘approximate equation q(x')~ r dr/dx'. Tizure
1l on page 8 gives a representation of them. The calculated points
of the closed stream surfuce are shown }n Tisure 1B by crosses in
%ddition to the prevldusly-describpd contour. This streem sur-
face iIs produced by the singularity distributions determined from
the aprroximate equation.- The zood egrecement attained is casil&
seen. Inciden;ally it shcould be noted that the "Teardrop' synm-
metrical body of revclution tréated here, las been tésted in thke

various high-speed wind tunnels for purposes of comparison,

IV. Discussion.

4 comparison betwcen the corresponding source-sink
~5-
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distributions shows that bodies and pressure-distributions are

rvolyed such phat §udﬁen tyansitions in the source—sinﬁ distribugions

are alwayé associated witﬁ sharp chéhges of curveture in the contour P
and the accompunyins excess velocitles und high negative pressures.
Or. the othcr hané such sudden ch nges in the . source- sink distribu-~

tions are not obtalneu vp to the present time from certain ocfin*te
nca=urcmentu of the c“anucs ol curvature. It is thus not possible

to produce all arbltrarll) assidned'bodics of revolution fram Quch

source-sin: distrivutions along the uxis, Partlcularly those bodiesin

~which sudden very sharp c“antcs of curvature occur in the contour.

3ince alwost all of tre as ;-bncd bodie of revolution have
the suame fineness rutio Lmal/l = 1:5, somc further comments may be
made s to what ¢xtent the assigned prcs:ure distributions may serve
“S~a definite basis for ypress ufc dist:ibutions-of bodies of revolu-
tion of éifferent finencss ratio. mhese bodies are assumed to-heve
similar source-sink distributions for -vurious totsl otrengths of all
of pheir sources or sinks. If the totul strencth is varied of all
sources or sinks of a source-siik combinution, there ia obtained not
the colinear distorted body of different Iinencss ratio, but -a body
which deviates only Slightiy Trom & colinear Cistorted one provided
the strength variations are not toc great. iThe pressureAdistribu*'
tions are not distorted in a colinear manner either. It is there-
fore not §ossible to make cxact stutewents fegarding'the transfer
of the prec-ure distributions_éiven in this report to bodies of
different fineness ratios. The character of theAprcs.ure distribu-
tion may ¢enerally be maintained to a considcrable extent, however, - ' .
by vuriation of the total stren;th and similar gource-sink distribu-

tion. Three bodiec wlth dlfferent fineness ratios, namely i:S
C eB= . "wra



1:7.6, and 1:10 Qere calculated using the source-sink distribution
Vo. These bodies are presented in Fiéure % on page 9, tcgether
with their pressure distributions. 1In order to obtain a definite
basis upon which the assigned pressure distributions can be

extrapclated to other fineness ratlios, the absolute pres;ure'

minimum on the maximum dieme ter dmax/l of the body.of revolutlon

is presented in Figure 3 ror this example. Figure 4 shows the
same type of plotrror the half body in which the absolute pressure

minimum is drawn along the boundary radius Ro/xo.‘
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Bodies of revolution of the source-gink
distribution V; with various total
strengths of all sources

[J linear-increasing scurce length
+ second-power decreasing source length
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Half bodies 1 2 3 I 5 6 n a3 9
R.2/x 2 0,04 0,04 0,04 0,04 0,09 0,09 0,09 0,09 0,25
Half bodies 10 11 12 '

a %lx ? 0,25 0,25 0,25

Bodies of revolution

' g A
5 A . A S
v K S0 d Tt oL B Riaae ™ T e v B9, 2 A L AT L i A
g sk G i i

Boz. | R,%/1°[E/E E,/E E,/8| £3/8 B}/E %5,/% %o /T X, 7€1‘S1/L %o,/
1&g 0,0142| 1/1 - - {11 - S ottt o - - -
I, 0,0127| 1/1 - - l1/2 4/2 - - - 0,158 0,153
Iy. 0,0127| /1 - - {1/2 4/2 - - - |0,263 0,263
¥, |o0te7f 41 - - fa2 2] - - - 10,500 0,500
11, | 0,0125| 2/53/5 =~ |1/2 1/2| 0,3 0,3 - [0,35 0,35
"t | 0,0125) 3/52/5 - |1/2 1/2 0,3 0,3 =~ (0,35 0,35
iy 0,0120f 1/1 - - |1/2 4/2 0,3 0,3 =~ 0,35 0,35
11, | 0,0120| 4/51/5 -~ [1/2 1/2 0,3 0,3 - 0,35 0,35
115 | 0,0120 3/52/5 - [1/2 4/2 0,3 0,3 - 1}0,35 0,35
11, | 0,0120f 2/5 3/5 - |4/2 1/2}| 0,3 0,3 - |0,35 0,35
I, | 0,0115 /1 - - [1/2 1/2 6> 03 - (0,35 0,35
g | 0,0m5| 3255 - |1/2 12| 0,3 0,3 - 0,35 0.35
111, | 0,0125 3/52/5 - |1/2 1/2| 0,5 0,5 - |0,25 0,25
111, 0,0125 4/5 1/5 - 11/2 4/2 0,5 0,5 - (0,25 0,25
111, 0,0120{ 1/1 - - |1/2 1/2 0,5 0,5 - 10,25 0,25
111, | 0,0120 4/5 1/5 - |1/2 4/2 0,5 0,5 =+ 0,25 0,25
IIlg| 0,0120 2/5 3/5 -~ |1/2 4/2 0,5 0,5 - 0,25 0,25
IIIg | 0,0115| 5/6 1/6 - |1/2 1/2 0,25 .0,25 - (0,25 .0,25
111, | 0,0120| 1/1 - = ke = 0,5 =~ - {0,5 -
1115 | 0,0115| 222 7% - 28 E%K 0,5 0,3 - |0,5 0,3
w, {o,0125) 1/4 - - |12 4/2| o6 - - lo,z 0,2
IV, | 0,0125| 2/5 3/5 - (1/2 1/2| 0,6 0,6 ..- 10,2 0,2
IV, | 0,0125) 4/51/5 - |1/2 1/2| 0,6 0,6 = 10,2 0,2
v, | 0,0125f 1/1. - - |1/2 1/2 0,6 - - 10,2 0,2
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™ 2 E g 1] 1 ] '—_-_1
Bez. | R /L Ej/E 32/3 35,3 E1/E.E2/E x°1/L 102/L 103/L X} /L.xo?/L
IVB 0,0120 3}5 1 8 - {1/2 1/;'_0,6 0,6 - 0,2 0,2
] ]

iv. |0,0115 -2~ 218 1/2 1/2 |0,6 0,6 0,21 0,2
[ ’ - 4,6 Zrl'g - » [ - Y= »
w, [o,m1508/1. - - |12 /2 |a6 - = lo,2 0,2

| Ivg | 0,015 gfg E%E - 11/2 1/2 lo,6 - 0, - lo,2 0,2
vy | 0,015 %f% 513 - a2 12 l0o,6 0,35 - Jo,2 o0,2°
. ‘ :

W, 0,010 /1 - -~ |4/2 1/2 |0,3 - - lo,2 0,2
V4 0,0112% 1/7 3/? _3/7 1/2 /2 0,3 0,3 0,3 |0,2 0,2
v, |o,omegam 2 L2 lae 1/2 0,3 0,3 0,3 lo,2 0,2
vy |o,01125 %f; 3%3 3%5 1/2 1/2 0,3 0,3 0,3 {0,2 0,2
v 0,01124 5/6 1/6 - 1/2 1/2 10,3 u,3 - 0,2 0,2
Vg | 0,01135 o 29~ 38 112 /2 0,1 0,3 0,3 |o,2 0,2
Ve |0,011351/7 3/7 3/?7 |1/2 1/2 |0,1 0,3 0,3 |0,2 0,2
V, 10,0135 1/4 lti L2 a2 172 lo,3 0,3 0,3 |0,2 0,2

‘ 5

Vg 0,012z E - |11 - jos. 05 - o5 -
v, |o,011282/3 1/3 - |1/2 1/2 {25 0,1 - |04 0,4
VI, |0,0115 2/%4/3 -~ |4/2 1/2 |o,1. 0,715 = 0,35 ¢, 35
VI3 0,01125 2/3 1/3 -~ 1/2 1/2 {0, 5 0,5 - 0,25 0,25
VI4 0,01125 2/5 1/3 [ 1/2 1/2 013 013 - 012 012
Vig |o,0M252/3 4/3 - |1/2 4/2 [0,35 0,35 - [C15 0,15
Vig |C,01125 2/31/3 - |4/2 1/2 (0,4 0,4 - 0,1 0,1
VI7 0,01125.2/3 1/3 - |1/2 4/2 0,45 0,45 - 0,05 0,05
VIiI, |0,0115 [1/1 = - 11/ 0,3 - - 0,7 -
VII, [0,0115 1/1 - - 1a/3 1/3 0,3 - - 0,35 0,35
VI |0,0115 [1/1 - - %f% 7%3 O3 - lo,135 o,565
Vi1, |0,0115 /1 - - 11/1 - 10,3 - - 0,7 -
VIII,}0,01175 /1 - - Ja/ - 10,6 - - 0,4 -
VIIL,|0,01277(1/1 - - |1/1 - |0,6 - - o, -
VIII5 0,0125 [1/1 - - 11/ - 0,6 = - 0,4 -
VII1,|0,01175/1/1 - - |4/1 - |o0,6 - > 0,4 -
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ROZ/L2 2, /B EZ/ﬁ EB/E_B,;]E'Ré/E x°1,{L 0211. x, (L x'°1/L b o
5 0, 01125 1/,1 . - l2/5 3/5 Q,6 - 0,2 0,2
6] 0,01125 Wil= - la/2 1/2 |o,6 - 0,2 0,2
n| 0301125 1/1 - |2/5 3/5 |0,6 - 0,2 0,2

0,0125 | 1/1 - |3/4 /4 0,6 < 0,2 0,2

R,%/T [24/E B,/E|Ei/R E3/R E}/E N L
0,00025%5 5 |45 T5° 260 |01 3.5 0,265 0,285 0,285
0,0159 { 1/4 12 % ?r*i 0,1 - [0,19 0,25 0,35 -
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