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I 
Pressure  Distributions over  Bodies of  RevQlution for iVxia]   ?lov.'.   ' 

Abstract:     Calculated pressure  distributions  are  f^iven in  the  fol- 

. lov;ing report for 12 half-bodies .and  for  59  bodies-of  revolution 

for the case of axial  flow.     The  nose  radius,   the .thickness  dis- 

tribution,   and  the   trailin",-edge  an;:le  v.ere   varied,, while  the  fine- 

ness  ratio v;as as.suraed practically constant  th.rou,.^hout at  1:5. 

After  a  review of  the   systenatic  calculations,  examples  are  riven 

for bodies v/lth  assi^jned   contours,   as v^ell  as  a  discussion of   the 

effects of  other fineness ratios on the pressure distribution. 

•    Outline:     I. Designations of   the   Body of  Revolution 

II.       Reviev,' of   the Calculated  Bodies of  Revolution. 

T     .. III.     Bodies of   Revolution with  Assi.-ned  Contours. 
■■*••"■■■• . ' 

r\,''.       Discussion. 

V • V. References. '. •        •    ' . ■ ■ 

I.       Desif-nations of  the  Body of  Revolution. 

An account  is given in  the follov.'inK report of  59  bodies 

of   revolution and 12 half-bodies with  their  calculated prercure  dis- 

tributions for the   case  of   axial  flov;.     The  calculations were  based 

on the method of sin£-,ularities,   as presented by F.   Riefels and }'. 

-     Brand in Ui.i"  Report 3106.     A  revicv; is  civen on p.-'j''^-  11  of th«  .sincu- 

' larity distributions  used,   and the constants  usoo in the  cnlculitioiis 

■  . .  are  listed  on pages  12  through 14- 

|. First of  all  the  review d€:als v/ith   the  sep>_;rat(.   sin;;,ularity 

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

See  the  reference on page  7. 
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elements as  sources produce half  bodies  in a parallel flow.     The -* 

length of  a  singularity element is  designated by XQ,   the   infinite 

asymptotically-attained bourdary radius of  the  half  body  by  R^, ■*% 

(2R    =  Doo) •     '•Cbe  ratio of  the   strength E of   the   singularity element 

to the velocity  of  oncoming flow determines  the value  of  this 

boundary radius,   CE/WQ  = RQ^) •     The   siunmary on-page  12  therefore     _,;    ■    •■■ ' 

presents this ratio,   and   in such a nanner,   that the  values of  the 

boundary radius RQ are referred to the  lengths XQ of   the  singularity 

elements,   (RQ^/^O^)-     ^ area of  1  cm^  signifies thereby  a value of"       ' 

RQ^/XQ^ = 0.20  in the   summary of  half  bodies-on page  11. 

The   sujaraary on page  11 also gives the   combined  singularity 

distributions of  bodies of  revolution  from the  separate   singularity 

elements.     Each distribution  is  thereby  designated according  to  the 

plan: *-». 
(1) The  series number  - ' 1 

For  example,   V3  is the  third model of   the fifth  series 

(2) The   short  designation  of   the  body  - 

For  example,   0.46  -  20   -  40 . 

■ .. ■, • The first namber  indicates the nose  radius 

(5/j /ci2i^Qx/;2] ,  ".here3 is  the  nose radius, ^ 

, ■ .. is the   length,   and  d:aax  is  ^^''^  maxinum diameter 

of  the  body; .... 

the   second   number  is   the maximum diameter  of   the 

.    body  in percent  of  its  length;   and 

■ ■ the  third number  is the  rearward position of   the 

maxi'pum  thickness   in percent  of   the   length  of   the 
f 

body.      ■ 

The   summary on pages  12-14  contains  the following data  for the 

Pw.•«■a^s.»'^J^^'■r*wi^^^S■W^fe^*«ii»*;^'' 
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calc^ilated bodies of revolution and the half-bodies: 

(1) The ratios of the separate source - {2ly)   bzw.  sink 

strength (Ey) to the total strength of all sources of a sintjularity 

combination. 

(2) The ratios of the total strent;th of all sources of a 

combination (E) to the velocity of oncoming flo\;, in the form HQ^/L^; . 

(RQ^/L'^ = E/TTVOL^).  The boundary radius RQ is in this case also 

referred to the distance L, which extends from the beginning of the 

first source element to the end of the last sink element.  In the 

data presented on pai-e 11, 1 cm . signifies RQ'^/L^ = 0.051E. 

(3) The length XQ^ of the source'element, referred to the 

distance L. 

(4) The lenyth xi^  of the sink eleiaent, referred to the 

distance L. 

It should be noted that, as concerns the data for the coordinotes of 

the bodies of revolution, they were determined graphically and there- 

fore have u limited accuracy. 

II.  Reviev/ of the Calculated Bodies of Revolution. 

The pressure distributions of the closed bodies of revolu- 

tion precede those of the half bodies, and in fact each three half 

bodies having different strength of the linearly-increasing, constant, 

linearly-decreasing and second-power decreasing source distances, v.-ere 

designated with their pressure distributions.  The bodies of revolu-' 

tion then follow which are organik^ed in eight series all of which 

have a fineness ratio &^^x/1  o^ about 1:5. 

The first series contains 'lur bodies which hx/-:; I'.i^   J-^^O 

rcr.F radius but different thickness distribution;} and different    • 

.. ■ -3*- . ■-   ■  . 
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trtiilin^-fcU^e   aiijlts.      bod;   l^.   i->  i^   source-sink  'r^cd'j .      '..iie   source' 

point  i:; iiaint'-AlneJ  in  the   f ollo.wirL-; tiji"'c   lodieo but thei]   sin'.v 

points are  displac  d  by  u   sinli-distributiv^n   vLich i c. dist:^-.,buted       ■ 

further aloiic:  the  axis  of  tacii bodj . ■ - ■    . 

The   second   fjerieD  includes eir,ht  bodic:;  in  ..hi'ch  the 

naziauiL thiciiucs.ses are  located at about  the  40 percent position 

and   in v.-bich  the   trailini;-ed!;e   an^jlc s  are   all about   the.  sane.     Bodies 

are  obtained  vvitli  different nose  radii bi   the  choice   of various 

source  elements. ' ■■.■■.-•.. 

-.  ■ The third  sericj,  lihtv;ise  \iith ci^ht bodies,   corresponds   to 

the   seconu  series with exception of   the   rear portions of  bodies  III-7  ■ 

and  HI3,   has the naxLr.uj.i thickness  at  bO percent,   and   exhibits a 

variation in  tlic   nose  radiuo  siuilar  to   thi. t of  the   second  series. 

Body  III7  represents an elDipsoid   of   revolution and  body   Ills possesses 

a constant pressui-e distribution  to a  {joou  approximation. 

The   fourth   series presents  ts n  bodies of  which   the. first 

six have   their maximum thickness at  00 percent.     Follo'.vin^  these, 

however,   the  laaximuin thickness  travels forv.ard  to   the 45 percent 

position by  the  effect of the  source . strength v;hich is  concentrated 

more  and more  over the for.vard part,     "lie  trailing-edge  angle   is 

about   the   same   for  all   of   these   bodies.     The   variations   are   due   to 

the  choice of  different   source  elements v^hich are   all about  60 per- 

cent lon^:.     In this manner a :wiv,e  variation of  the  nose  radius  is 

obtained.     It is  thus possible   to  obtain  a  good  transition  in pres-. 

sure  distribution from one  \^hich constantly decreases  to  the  rear, 

to one which has a  hi^h  suction peak at  the  front. 

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

ness at  the   60 percent location and  about   the   same  trailing-edge 
-4-        ■ 
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angle,   with the exception of Vg,   have   the   source  elenents  still 

further cufcdivlded.     The   effect of   this  subdivision is  investi- 

gated upon the resultin.j contours tojrether with  their pressure 

distributions. . . ' 

The   sixth series includes  seven bodies based  on the 

same  type  of  singiularity distribution,   in which the  separate 

singularity elements are   chosen differently.   ■ 

•   ' The   seventh and  eighth  series vdth.respectively fo'or 

and ei.ght bodies all have   about   the   same   forv.ard, parts,   but for ' 

these cases a  series of  sink combinations were  chosen. 

III. Bodies of  Revolution with Assirned  Contours. 

In order to complete   these   systematic  calculations  two 

examples  are presented  in v/hlch  the  contours  are .c:^cie.ned.     Tor 

this case  the   singularity distributions,   riven  in a  simplified 

manner   in Report UJ' 310G,   which  in combination with  a parallel 

flow produce   the  acsi^'ned bodies of  revolution,  must first be 

determined from the'approximate  equation qtx'l-^r  dr/dx'.     Ti/ure 

1 on pa^e  3 gives a representation of   tliem.     The  calculated points 

of  the  closed   stream surface   are   shown in 'i'i-jure  IP by  crosses  in 

addition to   the previously-described   contour.     Tliis stream  sur- 

face   is produced by  the   singularity distributions determined   from 

the   aprroxima^.e  equation. •   The  jjood  e^^rccment attained   is  easily 

seen.     Incidentally  it  should be  noted that  the   "Teardrop"  sym- 

metrical  body of revolution treated hers,   has been tested in the 

various hiyli-speed v;ind  tunnels for p'oi-pooes of  comparison. 

IV. Discussion. . ■ ' 

.   A comparison between the  correspondi-nr  source-sink 
-5- 
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Jlstributlon.-,  nhov.s  that  bodies and  pressure-distributions are 

rvolvf d   such   that   sud;-€.n  transitions   in  the   courcc-sink  distributions 

are  ulway.-i associated  with  sharp chant:f3 of   curvature   in  the  contour ■> 

and   the   accoripanyin^  excess velocities  and   hi^^h  negative  pressures. _ 

On  the  other hand   such  oudden chanties  in the . source-sin> distribu- 

tions are  not obtained  vp  to   the  present  tine   fron certain definite 

measurenients of   the   chan^^es of  curvature.     It  is  thus not possible 

to produce  all arbitrarily  a3si,y\ed  bodies of revolution  frcn  such 

source--.iiLi: cistributions alor-b  the   axis,   j^.articularly  those  bodies in 

v.hlch  sudden very   sharp changes of  curvatm-e  occur  in  the  contour. 

• 3ir.ce  ali^iost all of   the  as; lt:ned   bodies of  revolution have 

the   sar„e  fimntsE  ratio  d.^ax/^   » 1:5,   some   further  com-nents may be 

made   as  to what r xtcnt  the   asr.i^ned prcs;;-ui'e   distributions may   serve 

as a  definite  basis for pressure   distributions  of  bodies  of  revolu- 

tion of   different   fintncss  ratio.     These  bodies  are   assumed   to   have 

similar  source-sink distributions  forvc-rious   total  strengths of all 

of   t)icir   sources or   sinks.     If  the   total   stren-tli  is varied  of  all 

sources or   sinks of  a  rource-si;.k combination,   there   is obtained  not 

the   colinear distorted  body of  different  finentss  ratio,   but a  body 

which  deviates only  sli.-htly   from a colinear distorted one  provided 

the   stren,/th variations are  not  too  c^eat.   The  pressije   distribu-' 

tions are  not  distorted  in a  colinear manner either.     It  is  there- 

fore  not possible  to  make  exact statements  re,:ardinc the  transfer 

of   the. pres.ure  distributions fiivt:n  in  thin report  to bodies of 

different   fineness   ratios.     The   character   of   the. pros, ure   distribu- 

tion nay  t:encrally be  maintained to  a  considt rable  extent,   hov;ev( r, • 

by   variation  of   the  total   stren,:th   and   similar  sotirce-sink  aistrlbu- 

tion.     Three bodier with  different fineness  ratios,   namely 1:5, 
-6- 
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1:7.6,   and 1:10 were  calculated using  the   source-sink distribution 

Vp.     These bodies are   presented   in Figure   k,  on page   9,   tceether 

with their pressure distributions.     In order to obtain a definite 

basis  upon which  the  asDicned pressure distributions  can be 

extrapolated  to other fineness ratios,   the   absolute  pressure 

minimum on the  maximum diameter diaax/|   of   the  body, of  revolution 

is presented  in Figure 3 for this example.     Figure 4  shows  the 

same  type  of  plot for  the  half  body  in which  Lhe   absolute  pressure 

minimum is drawn along  the  boundary radius RO/XQ. 

V.       References. 
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Bodies of revolution of the source-eink 
diotribution V^^ with various total 

strengths of all sources 

Absolute 
pressure 

Figure 3 

Absolut© 
pres cure 
ndnimuia 

w Half bodies of the 
D llnear-incressing source length 
+ second-power decreiaeing source length 

linear-decreasing source length 
constant source length 
 __J 

as 
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Fineness ratio 1:10 

Fineness ratio 1:7.8 

Fineness ratio 1:5 

OZm— Pressiire distribution 

Figure 2 
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Half bodies 

O '  0 
Half bodies 

1    2    3    4    5 

0,04  0,04  0,04  0,04  0,09 

10   11    12 

0,25  0,25 0,25 

Bodies of revolution 

6    ?    8    9 

0,09 0,09 0,09 0,25 

BQZ. \'l^' E^/E Ep/k Ej/E Ej;/£ E^/E ^0/^ ^ 0/^ '0/^ \"- 
'o,A 

^1 0,0142 1/1     - 1/1 - - ■ -■ - - 

^2 0,0127 1/1     - 1/2 1/2 ~ ■   - 0,153 0,153 

i 0,0127 1/1     - 1/2 1/2 - - 0,263 0,263 
0,0127 1/1     -         - 1/2 1/2 - _ 0,500 0,500 

11^ 0,0125 2/5 3/5      - 1/2 1/2 0,3 0,3      - 0,55 0,55 

-Xj 0,0125 3/5 2/5      - 1/2 1/2 0,3 0,3      - 0,35 0,55 

^^3 
1^4 

0,0120 1/1    -       - 1/2 1/2 0,3 P,3      - 0,35 0,55 
0,0120 4/5 f/5     - 1/2 1/2 0,3 0,3      - 0,35 0.55 

^^5 
^^6 

0,0120 3/5 2/5      - 1/2 1/2 0,3 0,3      - 0,35 0,55 
0,0120 2/5 3/5      - 1/2 1/2 0,3 0,3      - 0,35 0,55 

11^ 0,0115 1/1    -       - 1/2 1/2 0,3 0,3      - 0,35 0,55 

^^8 0,0115 2,5- 2,3 1/2 1/2 0,3 0,3      - 0,35 0,55 

III^ 0,0125 3/5 2/5      - 1/2 1/2 0,5 0,5      - 0,25 0,25 
IIIj 0,0125 4/5 1/5      - 1/2 1/2 0,5 0,5      - 0,25 0,25 
III, 0,0120 1/1  - 1/2 1/2 0,5 0,5      - 0,25 0,25 
III4 0,0120 4/5 1/5      - 1/2 1/2 0,5 0,5     - 0,25 0,25 
11^ 0,0120 2/5 3/5     - 1/2 1/2 0,5 0,5     - 0,25 0,25 

Il^fS 0,0115 5/6 1/6      - 1/2 1/2 0,25 0,25    - 0,25 0,25 
lllr, 0,0120 1/1    -       - 1/1 - 0,5 - 0,;' - 

III3 0»0115 3.6    1 
?t6 57^    - 

?.6 1 
4,f^ 0,5 0,3      - 0,5 0,3 

^^1 0,0125 1/1     - 1/2 1/2 0,6 _        _ 0,2 0,2 
IV^ 0,0125 2/5 5/5      - 1/2 1/2 0,6 0,6      .- 0,2 0,2 
IV, 0,0125 4/5 1/5     - 1/2 1/2 0,6 0,6 0,2 0,2 

iv^ 0,0125 1/1.  - 1/2 1/2 0,6 - 0,2 0,2 

•■"-^-■''•'■"''^' 
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Bez. RQ^/L^ E^/E K2/a Ej/B ^/s^ E^/E ^0/^ ^0/^ ^0/^ 'K'' 
^^5 0,0120 4,8  4,a 

- 1/2 1/2 0,6       0,6 0,2 0,2 

^\ 0,0115 2    2,6 
^»G    4.,S - 1/2 1/2 0,6       0,6 0,2 0,2 

^h 0,0-115 1/1   - 1/2 1/2 Q.6         - 0,2 0.2 

^\ 0,0115 ix6       1 
i+.e   4,6 - 1/2 1/2 0,6      0,3 0,2 0,2 

IV9 0,0115 1.3     1 - 1/2 1/2 0,6       0,3 
1 

0,2 0.2 

1^10 0,0110 1/1     - _-. 1/2 1/2 0,3         -  .        - 0,2 0,2 

-\ 0,01123 1/7 5/7 3/7 1/2 1/2 0,3      0,3      0,3 0,2 0,2 

^2 0,01125 1/4 ^ 1,5 
4 1/2 1/2 0,3      0,3      0,3 0.2 0.2 

^3 0,01125 ^775 
1 

3.5 1/2 1/2 0,3      0,3      0,3 0,2 0.2 

\ 0,01125 5/6  1/6 - 1/2 1/2 0,3      0,3 0,2 0,2 

h 0,01155 
1     10 

21     21 
10 
21 1/2 1/2 0,1      0,3      0,5 0,2 0,2 

\ 0,01135 1/7 3/7 5/7 1/2 1/2 0,1       0,3       0,3 0.2 0,2 

^7 0,01135 v^'-^ 1,^ 
4 1/2 1/2 0,5      0,5      0,5 0,2 0,2 

^8 0,0132' ^J:l - 1/1 - 0,5      0,5        ~ 0.5 - 

^^1 0,01125 2/3 1/5 •«■ 1/2 1/2 0,1 0.4 0,4 

VI^ 0,0115 2/5 1/5 - 1/2 1/2 0,1:  0,15    - 0,55 c, 35 

^^ 0,01125 2/5 1/5 - 1/2 1/2 0, 5    0, 25     — 0,25 0,25 

vi^ 0,01125 2/3 1/3 - 1/2 1/2 0,5       0,5 0,2 0,2 

^i-s 0,01125 2/3 1/3 - 1/2 1/2 0,55    0,35      - 0,15 0,15 

^ifi 0,01'i25 2/3 1/5 - 1/2 1/2 0,4       0,4 0,1 0,1 

^^7 0»01125 2/3 1/5 - 1/2 1/2 0.45    0,45       - 0,05 0,05 

YII^ 0,0115 1/1    - - 1/T - 0,5 0,7 - 

VII2 0,0115 1/1    - - 2/3 1/5 0,3 0,55 0,55 

VII3 0,0115 1/1    - - 1'^ 6 
7,3 Or3 0,155 0,565 

711^ 0,0115 1/1     - - 1/1 -. 0,3 0,7 - 

VllI^ 0,01175 1/1     - — n/1 - 0,5 .      - 0,4 - 

VIII2 0,01277 1/1     - - 1/1 - 0,6 0,4 - 

VIII, 0,012'^ 1/1     - - 1/1 - 0,6 0,4 - 

VIII^ 0,01175 1/1     - — 1/1 - 0,6 0,^ - 

„.»-/.s : :&«ii*«****««a*»^ n viMn-i^s^M'.i^-'m: ^iii; ;ii*c*^.'Siw«i^.a*«^ii-4*.^.j^Mw;a^ 
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Baz, 

VIIIc 

Tlllr 
VIII 8 

R^^/L^' J3^/E S2/S Ej/E 

0,01125 
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Calculated pressure distributions are given for 12 haU-boft'tes and for 59 ~of revolution for 
the case of axial flow. The nose radius, the thickness distribution, and the trailing-edge angle were 
varied, whtle the fineness ratio was assumed practically constant throughout at 1:5. After a review 
of the systematic calculations, examples are given for bodies with assigned contours, as well as a 
discussion of the effects of other fineness ratios on the pressure distribution. 
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