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Foreword

This report was prepared by the Engineering
Research Institute of the University of Michigan, on
U. S« Alr Force Contract No. AF33(616)«2436. The work
was sponsored by the Wright Air Development Centery
with Jack W. Fulton acting as project coordinator.
The work was conducted at . the University of Michigan
under Projects 1988 and 22533,
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NOMENCLATURE

A Projected area of the drop, ft

O Coefficient of drag (dimensionless)
D  Diameter of dropy ft

F Drag force, lbs

M Momentum of drop, mv, lb-sec

n Mass of drop, slugs

v Velocity of drop, ft/sec

ps  Density of air, slugs/ft3

O Density of kerosene, slugs/ft3
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'DRAG COEFFICIENTS FOR BURNING KEROSENE DROPS

INTRODUCTION

In accordance with the desire of the project sponsor, brief re=
ports ‘covering specific phases of this research investigation will be pres=
pared as the work proceeds, It is hoped that this method will be more
effective in making the information availsble to interested groups than
the usual practice of wailting until the completion of the project to write
a gingle large report,

SOURCE OF DATA

The data for these calculaiions were taken from Appendix B of
the report by Bolt, Boyle, and Mirskyl, covering the gize and velocity of
drops of burning kerosene thrown from a spinning disc. By photographing
drops in the burning zone twice with a known interval (see Fig. 1), both
the diameter and the velocity were determined, .It was pointed out that
an accuracy of + 5u in diameter and + 0.3 £t per sec in velocity was ob=
tained. The temperature of the atmosphere surrounding the drops was
measured with.an optical pyrometer and found to be 2000°F,

BASTS OF CATCULATIONS

It is assumed for these purposes that the only force resisting
the motion of the drop is the drag force,




Fig. 1
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aM
F = C——
at ’
where M = v
% 4(D3v
then F = g- Pr J-é.—'t—-)- (1)

Drag is usually expressed in the following form:

P . g T - g Yifm (@)

When the two expressions are combined,

- bk 1 4(%)
S = 38 A w (3)
CALCULATIONS

The data from several photographs for drops 90u and 130w in orig-
inal size were averaged. The burning time was plotted against D3v and the
derivative determined from the slope of the curve., The drag coefficient
was then determined by formula 3.

RESULTS

The results can be seen in Fig, 2 and Table 1, where the drag
coefficient is plotted against Reynolds number. These data can be con=
sidered accurate to 15 per cent, but the scatter probably results from the
-action of combustion. Fige. 3 compares these results with data obtained
for solid spheres moving in many different fluids.2 The date of Gunn and
Kinzer® for water drops falling in still air, and of Fledderman and Han=
son* for the evaporation of hexane sprays y are plotted for reference,
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TABLE X

DRAG 'COEFFICIENTS OF ‘BURNING KEROSENE DROPS

e “ Re Cp
o423 363 805 56.8
g 95.6 835 28,6
0T 9.2 +686 3743
"255 82 2 .617 37’3
«2375 8245 .58% 32,0
163 8146 A67 29.1
0121" llli-u8 0536 6235
o11h 80.8 282 50,2
«0T12 8445 260 4140
.Oll-09 9’4‘.5 ‘191 )_‘9.0

«132k 57.6
CONCLUBION

The results shown correlate reasonably well with those for solid
sphieres. However, work now in progress should give better results, since
it will deal with data on single drops, rather than with statistically
analyzed data.
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