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Ereface

Previous studies of heat transfer in two-phase, air-water spray
flow 1llustrate the complexity and the number of variables present in
such & study. I have attempted to analyse only one variable, the water
droplet's impact characteristic; and then, by the use of known heat
transfer phencmena, tried to predict its effect on the heat transfer rate,

This study has been both interesting and challenging because, to
ny knowledge, no previous attempt has been made to study this particular
segment of heat tranafer.

: There are many people who have earned my deepest respect and

3 gratitude for their assistance in this endeavor. I would like to thank
Dr. Max G, Scherberg of the Aerospace Research laboratory and Dr. Harold
E. Wright of the Air Force Institute of Techmology who together have
served as motivators and advisors, Mr, Clifford D. Howell of the Techni-
cal Photographic Branch, Asrospace Systems Division deserves a special
acknovledgement, for without his photographic skill, all might have been

= in vain, Mr. Willism W, Baker of the Mechanical Engineering Laboratory

vas especially helpful when I needed assistance in the construction and

installstion of equipment.

Albert A, Gaglil.rdi, Jre
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Abstract

The purpose of this study was twofold; to determine experimen-
tally the impact characteristics of a water droplet impinging on a flat
plate in two-phase, air-water spray flow, and to predict on the basis of

inown heat transfer phenomena, the effect of the impact characteristic on -

heat tranafer.

The apparatus used oonsisted of a vertical wind tunnes, spray
nossle, spray nossle adaptor, flat plate, and pressure measuring equip-
ment. High speed motion picture photography was employed to record the
izpact characteristics as well as to determine the size and velocity of
esach droplet,

It vas observed that a droplet exhibits either one of three im.

' pact characteristios: bounow, bounce-splash, and splash. The particular

impact characteristic of a droplet was found to be primarily dependent
upon its momentum. A diecussion of the predicted effect of the impact
characteristics on heat transfer is included in the report. The anelysis
indicates that heat transfer rates are augmented by all of the observed
impact characteristiocs, and that higher values of heat transfer may be ex-
pected with increasing droplet momentum,
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THE IMPACT CHARACTERISTICS OF A WATER DROPLET

s iy

. O A FLAT PLATE IN TWO-PHASE, AIR-WATER SPRAY FLOW

Backeroupd

I. Introduction

Previous studies of heat transfer in two-phase, air-water spray

flow have all indicated that higher heat transfer rates are obtained from

a 80lid surface vhen a secondary pbase in droplet form is added to the
cooling airstream (1, 2, 5, 6, 7).* These studies were conducted at

various wvater to air mass flow ratios between O and 0,1. The overall

heat transfer process is dependent upon many variables, and to date the
) development of a simple analytical model has not been possible, Some of

the variables enocountered in two-phase flow are as follows:

1.
2,
3.
4.

5.

The Marquardt Corporation (2) and Northern Research Corporation
(6) have both reported that heat transfer in the region of the stagmation
point is further augmented when water droplets are observed to bounce and
y orupt from the liquid film upon impact.

The airstream veloocity
Droplet sise ‘
Droplet velooity {

The absolute mass of water impinging on
the heat transf.r surface

The wvater droplet's impact characteristic

*Mumbers in parentheses refer to refersnces in the Bibliography

l
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Durposs
This study has a twofold purpose: first, to determine experi-

mentally the impact characteristics of a water droplet impinging on the
liquid film formed on the surface of a flat plate mounted normal to the
flow, and seocondly, to predict on the basis of known heat transfer pheno-
mena, the effect of the impact characteristics on heat transfer.

Seope

Only the impact characteristics of a water droplet impinging on a
liquid film are presented in this report. References 8 and 3 describe
the oollision of a water droplet with a solid surface in the absence of a
liquid film for both a heated and unheated surface respectively.

Sinoce this study was conducted with an unheated plate, the heat
transfer predictions are based only on the observed impact characteris-
tics and the infarmation contained in the literature. The results apply
to heat tranasfer applications where the surface temperature is below that
at wvhich flash evaporiszation of the water droplet would occur on impact.
If the surface temperature 1s sufficiently high, a layer of vapor forms
betwesn the surface of the piate and the liquid film. Once this vapor
layer is formed, further increases in surface temperature have little ef-
fect on the heat transfer. Geugler (4) has analyzed this particular seg-
ment of heat transfer, and although the initial conditions are quite dif-
ferent, the heat transfer conclusions are remarkably similar.
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1I. Description of Apperatus

The equipment used in this study consisted of a wind tunnel,
spray nosszle, spray noszzle adaptor, flat plate, and a high speed motion
picture camera, Sufficient instrumentation was employed to determine the
pressure distyribution of the plate as well as the size and velocity of
the observed water droplets. A schematic diagram of the test apparatus

is presented in Figure 1.

Wind Tunnel
A vertical wind tunnel with a 10 by 10 inch horizontal test sec-

tion and velocity variations from 40 to 160 feet per second was used.
Room air was drawn in through a 30 by 30 inch intake area and exhausted
through a ducting system to the atmosphere. A oomplete description of
the wind tunnel oan be found in Referencs 1,

Spxay Nosale
In order to determine the impact characteristics, some degree of

control of the droplet sisze was essential. A spray nozsle gives a bell-
ourve distribution of droplet sises and individual droplets can be iso-
lated and studied. Also, by using a liquid-air noszle, the median drop-
let sise can be varied by altering the ratio of the nossle air pressure
to the nossle wvater pressure., For these ressons a Spraying Systems Com-
pany type 1/4 J, liquid-air nossle was selected.

A+ g e P —— e
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sSoray Nosale Adaptor
When the entire spray of the noszle enters the wind tunnel test

section, a large number of droplets impinge upon the liquid film, and one
droplet cannot be isolated and studied. Therefore, at the suggestion of
Dr. Max Scherberg, a nossle adaptor was designed and contructed so that
only a portion of the spray is allowed to enter the wind tunnel test sec-
tion. The nossle adaptor has a hollow cone in its base with a 1/8 inch
hole drilled in the apex. As the spray strikes the cone, only that por-
tion pessing through the hole enters the wind tunnel. A schematic diagram
of both the spray nossle and spray noszzle adaptor is shown in Figure 2.
Two other devices were tested to isolate a water droplet and are discussed
in Appendix D.

Elat FPlate
Since little is known about the variasbles governing the heat

transfer rate in the region of the stagnation point, a flat plate was
chosen as the test model (Fig 3). The flat plate has the advantage of a
large stagnation region and is easy to construct. Pressure taps were
located symmetrically in the surface of the plate in order to measure
the pressure distribution. The taps also served as a means to inject
wvater and dye onto the plate.

High Scesd Motlon Picture Cemera
"A Wollensak Fastax camera with associated electronic timing

equijment vas employed to photograph the droplets impinging on the liquid

£ilm, mmhdafﬂgmdupbﬂityotmmmis‘uw_

and sufficient magnification to photograph droplets with diameters in the

range of 100 microns.

e omon A ramm e -
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III. Experimental Procedure

Pregsure Distributiop

A single-phase pressure distribution of the plate was measured at
four air velocities: 50, 90, 120, and 145 feet per second. For each
velocity, three runs were made. The plate remained normal to the flow
but was rotated 120 degrees between runs. For all runs, a reversed curva-
ture was obtained in the pressure profile. A curve has been fitted to the
data points (averaged value of the three runs) in order to compare the pro-
file to the experimental one obtained by Albrecht (1). Reference 9 de-
scribes the formation of radial vortices emenating from the stagnatiou
point in incompressible flow. If a radial vortex sheet were present on
the flat plate, this could create a dissipation of pressure near the ocenter
and account for the reversed curvature obtained. The results of the
pressure distribution determination are shown in Figure 4.

Proplet Studies
In order to have a ocmplete set of data, a static test was con-
ducted to cbserve the droplet mpuct characteristics at low velocities.
The plate was mounted on a test stand and the nossle was located 40
inches above it to duplicate the mounting in the wind tunnel. To keep
wmamwmum&w@.;mmnmw.mm,.
- nossle adaptor vas used. A nossle water and air proipuro of 10 in Hg and
- 20 in Hg, respectively, vere found to yield the most uniform spray. These
settings were maintained throughout the experimental portion of the stuly.

- S — : -
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High speed motion pictures, both colored and black-and-white, were taken
of the flow field. Tophotogruph droplets witqh a diameter in the range
of 100 microns, it was necessary to focus on an area approximately 2mm by
2m vith a focal plane depth of approximately 0.25am. Most of the film
wvas taken in the region of the stegnation point with the remainder being

taken at the edge of the plate,

The photographic procedures developed in the static test were
also used in the wind tunnel. Tests were conducted at three airstream
velocities: 52, 82, and 125 feet per second., Within the wind tunnel,
the nossle adaptor did not provide a sufficient spray to maintain a uni-
form liquid film on the surface of the plate. For this reason, water was
injected through the pressure taps onto the plate. One test was carried
out on an elliptical cylinder to observe the impaot characteristic of a
droplet striking the liquid film at an incident angle of approximately
15 degrees. The incident angle is defined as the angle between the drop-
let's trajectory and the surface of the liquid film.

Smmary of Dronlet Studies
The impact characteristics of a water droplet impinging on a

liquid film vere determined by a series of photographic tests. Appendix

A outlines the procedures followed to determine the sise, velocity, and
nomentum of a vater droplet. The momentum wvas used to ocategorise the im-
pact characteristiocs observed, and the results are given in Section IV,

Since various fooal distances and film speeds were used, the
reader should not sttempt to oompare droplet sises and velocities (drop-
let elongation) between the photographs shown in Appendix B, The measured
values of eise, velocity, and momentum of the droplet are oontained in the
figure titles,
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IV. Resulls

Three impact characteristics were observed. The impact charac-
teristics may be called droplet bounce, bounce-splash, and splash, Defi-
nitions of these characteristics will follow. It was found that the im~
pact characteristic which a droplet will exhibit is primarily dependent
upon its momentum. Therefore, the droplets have been categorized, on the
basis of momentum, into the three regimes shown in Figure 5.

Bounce Regime
When the droplet arrives at the liquid film with a normal compo-

neat of momentum below approximately 3.7 x 10~91b,-sec, the droplet is not
capable of overcoming the relatively high surface tension of the liguid
film. In this case, the droplet rebounds from the surface as if it were
an elastic sphere (Fig 6). In the stagnation region, droplets were ob-
served to bounce a mmber of times until they were either swept away by
the airstreem or gradually absorbed into the liquid film. In the test on
the elliptioal cylinder, it appeared that a droplet impinging on the
liquid film at an angle of approximately 15 degrees skipped from the swr-
face and wvas swept downstream by the airflow.

Bounce-Jnlash Begixe
It was observed that vhen the normal component of momentum is be-

tween approximstely 3.7 x 109 and 6.0 x 10“‘91b¢-uo, the droplet may ex-
hibit either of the three characteristics. The bounce-splash phencmena,
although only observed in a few instances, oocurs when the value of

v
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droplet momentum is sufficient to rupture the surface of the liquid film,
However, the droplet remains intact and rebounds from the surface (Fig 7).
It appears that a small amount of the liquid film is splashed from the
plate. The impact characteristics within this regime are unpredictable,
and seem to depend on the local conditions of the liquid film at the in-
stant of impact. Since the regime is ill-defined, the limits given are

only approximate.

Splash Regime

i If the normal component of droplet momentum exceeds approximately
6 x 10‘9.|.bt-aoc, the droplet not only has sufficient momentum to overcome
the surface tenaion of the liquid film, but the surface tension of the
droplet is also overcome (Fig 8). As the droplet impinges on the surface,
a splash is created and the mass of water transported from the liquid
film increases with increasing droplet momentum, This is shown in Figure
9. The splash creates many well defined droplets, some of which were ob-
served to fall back to the surface and exhibit the bounce characteristic.

If the momentum of the original droplet is sufficiently high, a percen-
tage of the splashed droplets move far enough away from the plate to
again be accelerated into the splash regime, and secondary splashes were

observed. Although the mass of water transported from the liquid film
inoreases vith increesed droplet momentum, the mass within the liquid
film appears to remain constant. This is a result of the original drop-
let replacing liquid that is splashed away and secondary droplets return-
ing to the liquid film and being absorbed.
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V. Discussion and Interpretation

Riscussion and Interpretation of Results
The impact characteristic which a droplet will exhibit is pri-

marily dependent upon its component of momentum normal to the liquid
film. As droplet momentum increases, the disturbances created within the
liquid film become more proncunced. The disturbances range from a slight
dimpling of the film in the case of a bouncing droplet, to relatively
large disruptions from one in the splash regime. As & result of the
droplets bouncing and splashing from the liquid film, a "halo" effect
above the plate is created. When the spray nogzsle and the wind tunnel
are adjusted to yleld higher values of droplet momentum, the "halo" be-
comes more clearly defined., This appears to be the phenomena observed
by previous researchers in this field. Two photographs of the "halo" ef-
fect are shown in Figure 10,

The interaction between the liquid film and the droplet was ob-
served by the use of colored photography. By injecting dye (Safranin
Bluish) through the pressure taps, it was possible to color the liquid
£4lm red. The water droplet photographed white. Since a bouncing drop-
let remained vhite throughout its entire trajectory, this verified that
no transfer of mass ocoured from the ligquid film to the droplet. In the
case of the bounce-splash droplet, the splash that seemed to ocour ap-
peared red. When the droplet rebounded, it was tinted red. However,
this appears to be a thin coating of resident water (which is dyed red)
rather than an exchange of mass between the droplet and the liquid film,
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When a droplet in the splash regime impinged upon the liquid £ilm, the
droplets created were a deeper red indicating that this was primarily

water which was resident in the liquid film,

For all of the impact characteristics observed, an augmentation

in the heat tranzfer rate from a heated plate may be expected.

In the case of the bouncing droplet, additional heat transfer is

predicted as a result of two mechanisms:

1. Conduction - The droplet is in contact with the liguid f£ilm
for a finite period of time (approximately 2 msec) and a
transfer of thermal energy will occur.

2. The liquid film is disturbed by the droplet's impact.

For a bounce-splash droplet, an increased augmentation is ex-

pected for the following rsasons:

1. Conduction - The contact time (approximately 10 msec) between
the droplet and the liguid film as well as the temperature en-
countered are increased. Thls is a result of the droplet
penetrating the liquid £ilm, possibly to the swrface of the
plate vhere the temperature is a maximum, prior to rebound.

2. Mass Transport - A small amount of the ligquid film appezrs to
be splashed from the plate with a resultant transfer of ther-
mal energy.

3. The liquid film ia disturbed Ly the droplst's penetration.

In the case of the splashing droplet, the additionsl heat trans-

fer predicted may be quite significant. Increased augmentation should
ocour with increesing droplet momentum. Two mechanisms are important:

10
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1. Mass Transfer - As the droplet impinges on the film, it is
observed to break up and replace a portion of the liquid film
that is displaced.

2. Turbulent Mixing - The mass transfer results in a mixing pro-
cess in which the cooler liquid of the droplet is dlspersed
throughout the liquid film. A possibility exists that a por-
tion of the cooling fluid may even reach the surface of the
plate where the temperature is a maximum,

Based on the preceding heat tranafer analysis, it appears that
operation in the splash regime is most advantageous, and that for in-
creasing droplet momentum, higher heat transfer rates may be expected,
Also, within the stagnation region, the highest values of heat transfer
should exist due to secondary bounces and splashes.

This entire discussion has been based on an individual droplet
basis, In the normal two-phase cooling process, a large number of drop-
lets are impinging on the liquid £ilm, and other factors must be consi-
dered. Maintaining the mass flow of water and the airstream velocity
constant, it is anticipated that an optimum droplet sisze exists for which
the heat transfer rate is a maximum. For spray petterns with a median
droplet sise below optimum, the concentration of droplets is so high that
interference between the onooming droplets and those bouncing and splashe
ing from the liquid film is possible., Also, the smaller droplets do not
have sufficient momentum to cross the streamlines of flow and arrive at
the heat transfer surface. The net result is that the mass of water im-
pinging on the surface is reduced. This factor coupled with the low mo-
meatum of the droplets reaching the surface should result in a lower heat
transfer rate. For droplets larger than optimum, an augmentation in heat
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transfer per droplet is expected, however, the overall heat transfer rate
should decrease as a result of the low values of droplet concentration.
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VI. Copclusions

The impact characteristic which a droplet may exhibit is pri-
marily dependent upon its component of momentum normal to the liquid
f£ilm. Three impact characteristics were observed:

Bounce, O0<mv< 3.7x 10'91bf-uc
Bounce~Splash, 3.7 x 10"91bf-sec <mv<6.0x 10'91bf-sec
Splash, mv > 6.0 x 10~ 1bg-sec

An augmentation in the heat transfer rate from a heated plate is
expected for all of the observed impact characteristics. Operation in the
. splash regime appears to be most advantageous and higher values of heat
transfer per droplet may be expected with increasing droplet momentum.
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Vii. Recommendations

Sinos & mmber of heat transfer prediotions are contained within
this report, an experimental progrem should be undertaken to verify their
validity., Three particular studies would be especially helpful:

1. An experimental study to determine the effect -of droplet mo-
mentum on the heat transfer rate from s liquid film. The
droplet sise should be maintained oonstant, and the momentum
made variable through variations in droplet veloasity.

2. An experinmental study to determine if an optimm droplet size
exists for which the heat transfer is a maximm in a two-
phase flow.

3. An experimental study to determine if any correlation exists
between the measured values of heat transfer and the varia-
tion in h‘;cnlity of the "halo® effect.
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Appendix A

Sige, Velocity,
and Momentum of a Water Droplet

4 Wollensak Fastax camera with a film speed capability of 7000
frames per second was used to determine the sise and velocity of the
water droplets. A millimeter scale mounted on glass by means of an emul-
sion served as the reference to measure droplet size and velocity. The
scale was oriented normal to the plate and photographed at the same focal
distance used in the droplet studies. After photographing the scals,
wvith the Fastax camera, it was removed from the plate. Whenever the focal
distance was changed during the droplet studies, the procedure was re-
peated. By superimposing the photogrephs of the droplet studies and the
photographs of the millimeter acale, ‘the droplet size and velooity could
be obtained. : ’

The droplet size vas doter_minod by comparing the droplet width to
the millimeter scale. The droplet velodity and momentun were obtained by
use of the following formulas:

Vg (ft/sec) = WMW)
Number of frames x 305 {4
RV = pvrd3v
68c
Representative results of the determination of the sise, velocity,
and momentum a8 well as the impact characteristic of the water droplets are

17
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shown in Tables I, II, III, and IV, Figures 11 and 12 are histograms
plotted for one wind tunnel ‘test to illustrate the distribution of drop-
let ..hu and velocities obtained, Since the droplets were generally
voll;dofinod, the measured dismsters should be a close approximation to
the actual droplet sise. The median droplet size indicated by the his-
togram should be larger than actual. This is a result of the inability

to photograph droplets with a>dia'mitor less than approximately 125 microns,.
The elongation of the droplets 1s a result of the insufficient film speed
obtained during the first portion of a roll of photographic film. Approxi-
mately three quarters of a 100 foot roll of film is used before the Fastax
camera accelerates to the preset film speed
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Appendix B
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i
} I jﬁ
| L2}
Vertioal Wind Tunnel
2  spray Nossle and Adaptor
]

3 Fastax Camera

4 TFlat Flate

5 Mancmeter

Fifo

Mgl Schematic of Test Apparatus
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Spray Noszle

Spray Noszle Adaptor

Hollow Cone

Drain

Pig 2 Schematic of Spray Nossle and Spray Noasle Adaptor
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DROPLETY

'
IR, N B « N E TR

t = ~5.8 msec t = 5,3 msec

N

t = 1.2 msec t = 9.4 nsec

t = 11.8 msec

t = 15.9 msec

Pg 6 Droplet Bounce Characteristic: 4 = 250,
V4 = 5.34 ft/sec, mv = 2,98 x 10~91bg-sec
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. 3 AR

t = =1.0 nsec t = 10.0 msec

t=0 = 11.0 msec

T4 i
t = 18.0 msec

A i

t = 8,0 mseo t = 20 msec

Fig 7 Droplet Bounoce-Splash chanctorgtio: d =325y,
Vg = 4e6 ft/800, mv = 5.8 x 10771bp-sec
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t = =-1.25 msec t = 1,25 msec

t=0 t = 2,10 msec

= 42 msec t = 5,42 msec

t = .8, msec t = 14.15 msec

Fg 8 Droplet Splash Characteristic: d = 350,

Vq = 38.4 ft/sec, mv = 61.0 x 10~ b~8e0
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DROPLET 1 .,

11QUID FIL M

t = -0,19 msec t

L]
J
[
R
8
o
Q

«90 msec

% = 0.19 msec t

+56 msec t = 1,64 msec

-4
n

t

+75 mseo t = 2,09 msec

Fig 9 Comparison of Splash Characteristic
for Two Values of Droplet Momentum:
Droplet 1, d = 225, Vg = 54.8 ft/sec, mv = 20.4 x 10-91b,-sec;
Droplet 2, d = 500, Vy = 37.7 ft/sec, mv = 168 x 10-91b-se0
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Fig 10

Photographs of the "Halo Effect"
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Appendix C
Tables
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TABIE I

RESULTS OF DETERMINATION OF WATER DROPLET SIZE,
VEIOCITY, MOMENTUM, AND IMPACT CHARACTERISTIC

Air Veloecity = 0

Droplet
81

7
(microns)

125
150
150
175

8838888 ReBBENEEER BREEER

B

w
3

400
400
400
400
450
475

475

Droplet
Veloci

(£t/mec

8.43
Ted2
6.92
2.52
6.82
3.3
3.20
2.40
2,97
4.18

3.4
Tedb
8.92
5.82
3.37
427
8.30
534
7.00
6.62

5.9
11.25
3.2
3.35
3.44
3.57
748
6.32
21.40
3.62

5.00
3.08
23.20
8.73
9.87
21.80
5.73
7.00

Droplet
Momentus x 107

(Qbg-sec)

0.78
0.92
0.86
0.55
1,96
0,95
0.92
0.69
0.85
1.20

0.90
2.13
2.47
1.67
1.26
2.39
464
2.9
3.9
3.1

5.74
10.90
3.1
3.25
3.33
3.46
Te24
8.05
33.90
5.73

7.92

7.05
53.10
20,00
22,5
.7
22,20
27.20

Impact
Characteristic
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" PABLE II
RESULTS OF DETERMINATION OF WATER DROPLET SIZE,
VELOCITY, MOMENTUM, AND IMPACT CHARACTERISTIC
. Air Velocity = 52 ft per second
Droplet Droplet Droplet Impact
. Size Veloei Momentwm x 107 Characteristic
(microns ) (£t/sec (be-sec)

125 42.5 3.95 S
125 42.8 3.98 B=S
125 45.6 4o25 s
150 54,9 6.80 s
150 443 5.50 S
150 57.3 7.12 s
150 61.2 7.60 S
150 57.7 7.17 [
150 37.4 465 S
150 38.6 4.81 s
150 38.7 4.82 S
150 46.1 5073 s
175 4564 9.85 s
175 53.7 11.65 s
175 43.7 9.48 s
175 32.0 6.95 S
200 433 12.4) S
200 47.8 13.70 S
200 53.6 15.35 S
200 38.6 11.05 S
200 35.5 10.15 ]
200 545 15.61 S
200 42.8 12.25 S
200 42.3 12.10 S
200 4.2 11.80 S
200 40.7 11.65 S
200 37.5 10.75 S
200 43.7 12.50 S
200 40.7 11.65 S
200 37.2 10.65 S
200 38.6 11.05 S

. 200 38.3 20.95 S
200 446 12.80 S
200 37.4, 0.72 )
200 42,7 12.20 S
200 4.3 12.65 (]
200 38.6 11.05 S
225 48.4 18.05 s
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TABLE IJ-~-Continued
Droplet Droplet Droplet Impact
Sise Velooi Momentum x 109 Characteristic
(microns) (£t/sec (1bp-sec)
225 38.9 14.50 S
225 28.1 10.45 s
250 42.7 23.80 S
250 50.8 28.42 ]
250 40.3 23.30 S
250 52,0 29,00 S
250 47.8 25.70 S
250 38.0 21.20 S
250 42,7 23.90 S
250 38.9 31.70 S
275 39.6 30.70 S
275 33.1 26.60 s
300 40.3 39.10 S
300 46.3 44480 S
300 41.8 40.60 s
300 38.1 37.00 s
300 39.9 38.60 S
300 40.6 39.40 s
300 39.1 37.70 S
300 39.9 38,60 S
325 39.5 50.30 S
350 47.0 74,60 S
350 60.0 94.80 s
350 39.6 62.70 ]
350 34.1 54.10 s
400 40.6 92.80 S
400 41.3 9450 S
400 39.4 90.00 S
400 51.7 118.50 s
450 38.2 125.50 S
500 33.4 149.00 S
500 36.7 163.00 s
500 35.8 159.00 S
650 30.5 317.00 s
650 53.6 559.00 8
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TABLE 11X

RESULTS OF DETERMINATION OF WATER DROPLET SIZE,
VELOCITY, MOMENTMRM, AND IMPACT CHARACTERISIIC

Alr Velocity = 82 £t per second

Droplet
Veloal
(£t/sec

80.1
4.6

67.1
95.3
53.3
7.5
84.9
76.0
60.4
8l.3

66.3
76.3
73.6
53.6
83.2
75.5
79.5
60.7

64.3

60.7
61.0
76.2
594
51.4
61.0
52.7

62.6
7.3

Droplet
Momentum x 109
'(lbf-sec )

10.1
16.5

26.5
19.6
19.8
22,9

2.4
18.4
19.3
35.5
29.8
43.3
47.5
424
33.8
45.5

37.1
59.1
.5

106,0
96.1
101.5
96.2
101.5
101.6

96.2
117.5
147.0
136,
17.5
140.0
121.0
180.0
279.0
345.0

Impact
Characteristioc

]
S
S
S
]
S
S
S
S
]
S
S
S
S
S
S
S
S
S
S
S
8
S
S
S
S
S
S
S
S
]
]
]
S
]
]
S
]
]
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TABLE IV

RESULTS OF DETERMINATION OF WATER DROPLET SIZE,
VELOCITY, MOMENTOM, AND IMPACT CHARACTERISTIC

Air Veloolity = 125 ft per second

Droplet
Yelooi
(£t/sec

90.0
95.6
954
109.5
105.
89.9
77.8
5.4
104.0
96.0

93.7
87.6
103.0
86.5
112.0
101.3
91.2
97.3
95.7
80.8

9.2
103.0

Droplet
Momentwm x 107

Impact
Characteristic
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. Appendix D
Droplet Isoclation Studies




Bronlet Isclation Stulles

(ne of the problems encomntered in this study was the development
of scme means of isclating a single water droplet for study. Two parti-
oular devioces that were considered and later rejected as not feasible were
a drawn-~out e-.pﬂ.ui-y tube and a microliter syringe.

The capillary tube was heated and drawn out as far as possible and
then coated with a commercial wetting agent (Desicote). By forcing water
through the tube under pressure, single droplets were obtained. However,
the mmallest droplet had a dismeter in the range of 500 microns which is
much larger than the droplets normally obtained from a commercial spray
nossle., For this reason, the capillary tube was rejected.

Using a microliter syringe, it was possible to obtain droplets in
the range of 100 microns. However, the problem of injecting these drop-
lets into the wind tunnel so that they would strike the plate within the
focal area of the camers was not solved. The microliter syringe would be
a practical device to isclate a droplet in a static test situation, How-
oever, the nossle adaptor still appears to be most advantageous, since it
allows a distribution of droplet sizes and the manual metering of droplets
is eliminated.

Burvy 5 o
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