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FIGURE 1. SCHEMATIC DIAGRAM OF THE SPRAY GENERATOR
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FIGURE 2. MEAN AIR VELOCITY AND RMS VELOCITY FLUCTUATIONS
AT THE TUBE EXIT
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FIGURE 3. SCHEMATIC DIAGRAM OF THE .HOLOCAMERA
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ENLARGED HOLOGRAM OF THE COARSE SPRAY.

FIGURE 5.
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TABLE 1.

EXPERIMENTAL CONDITIONS FOR THE SPRAYS TESTED

Gross Particle

Upstream Air

Alr FPlow Rate

Spray Classi%iiation Tempeggture m? /nr Re A/F
1 Fine 21 1.96 1,935 17
2 Intermediate 21 1.96 1,935 | 17
3 Coarse 21 1.96 1,935 17 |
4 Very Coarse 21 1.96 1,935 13.2i
5 Heated Air 38 1.96 2,044 | 15
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RESULTS AND DISCUSSION

AVERAGE DISTRIBUTION OF DROPLET SIZE.

For each spray tested droplets from a total of four holograms were

counted, two with the slit, and two without the slit. Table 2 shows

the total counts within a 0.47 cm® volume which is the volume of all

the measuring cells on Figure 7. (a) and (b) refer to counts ob-

tained from different holograms of the spray. On the same table Dy

denotes the diameter of the largest droplet seen anywhere inside the
reconstructed volume. Dp was used for the initial size distribution

plots as will be subsequently described. The very fine atomization

of the "Fine" spray (Table 1) prevented counting of all droplets in *
that spray

13

The droplet size information recorded on a hologram is for an in-
stantaneous condition of the spray. Depending on the size of the
reconstructed volume that is scanned, it is possible to find large
differences in the number of droplets counted among different holo-
grams of the same spray 1f the droplet spacing is the same slze as
the largest dimension of the scanned volume. This 1s particularly
true for the large droplets in the spray. A large number of holo-
grams 1s thus necessary for measuring time average droplet size
distributions in a small fixed volume. However, it should be ex-
pected that for droplets which are closely spaced, compared to the
size of the scanned volume, the fraction of each size counted will
remain relatively constant between holograms of the same spray.

As a result, for such droplets if the long time average droplet
size distribution within the spray volume 1s constant, then the
instantaneous size distribution should be a good approximation

of the average size distribution.

Sprays of interest in combustion problems contain droplets which
are too small to be optically resolved, and . as a result, it is im-
possible to obtailn directly from the droplet counts a numerical
distribution of all the sizes in the spray. On the other hand,

the volume of liquid in small droplet sizes is often a small pro-
portion of the total liquid volume. It is, therefore, possible

to construct a volume (or mass) distribution, provided that all
droplets of maximum size are included, since their volume is an
appreclable fraction of the total liquid volume. ~

The total number of droplets for each dilameter size range in each
hologram was obtained by adding the counts in each cell for sta-
tions 1 to 8 (Pigure 7). The spray volume under consideration

was, therefore, large, and there was a high probability of includ-
ing also the large sized droplets in the spray. Table 3 shows the
mass of liquid per unit volume calculated from the total sample of
droplets counted 1n each hologram. It shows that the mass of =
liquid below 100 um was relatively constant, while the mass of
liquid in the size range above 100 um varied considerably between
holograms of the same spray. To arrive at a droplet slze distribu-
tion function which reasonably approximates the distributions
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TABLE 2b.

DROPLETS COUNTED

IN SPRAY 3

(COARSE SPRAY)

Number of Droplets

Number of Droplets

D =
m

247 um

18

Diameter With Slit Diameter Without S1it
um um _
(a) (b) (a) . (b)
20-25 122 1 147 - 100-105 2 3
25-30 110 ? 119 | 105—110 y o 2
30-35 . 55 | TH - 110-115
35-140 27 | 37 | 115-120 1
40-45 11 19 120-125 2
45-50 19 11 125-130 2 2
50-55 8 3 130-135 1
55-60 5 13 135-140 2
60-65 2 6
65-70 8 6 165-170 2 1
70-75 5 | 5
75-80 8 f 5 170-175. 3
80-85 1 .f 2 175-180 2
85-90 1 ! 3 §
90-95 5 > g
95-100 3 2 245-250 1
. TOTALS 390 454 | 14 13
Volume Scanned: 0.47 em?






TABLE’2d. DROPLETS COUNTED IN THE HEATED AIR SPRAY

i f Number of Droplets ? : Number of Droplets?
i Dlameter % With Slit ;.vDiameter ) Without S1it
; um : : -+ pm : ,
| | (a) ¢+ (b) § (a) (b)
§ 20-25 | 193 182 ? 100-105 0 2
% 25-30 | 0 71 é 105-110 2 0
; 30-35 : 41 ik} ~115-120 1 3
§ 35-40 % 29 26 . 125-130 0 1
é 40-45 ? 18 § 14 % 130-135 ? 0 1
é 45-50 § 11 é 10 é 135-140 é 0 1
50-55 8 17  145-150 | 1 0
55-60 5 . 6 155-160 0 2
: 60-65 5 é 2 185-190 0 1
65-70 2 3 190-195 1 0
70-75 2 > 235-240 0 1
75-80 | 3 6
80-85 2 2
85-90 é 0 | 1
90-95 | o 1 ; 3
95-100 | 1| 2 : | %
o ! ! ‘ - i
' TOTALS 412 376 | 5 12

Volume Scanned: 0.47 cm3

Dm = 247 um
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FIGURE 8.

FIRST PLOT OF THE DROPLET SIZE DISTRIBUTION
FOR SPRAY 2
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FOR SPRAY 2
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FOR SPRAY 3
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using the followlng relationship:

p
(A/F)y = 52 (4)
S

where = E& LV 1
Ps s 1 si -

(5)

<2‘<2
[N

)

pgis the alr density, py i1s the liquid density, Vgy is the liquid
volume in the size range Dy, Vi 1s the terminal velocity of
droplets of size 1, and V, is the mean air velocity in the volume
of scanned spray. From figure 2, V; was taken to be 250 cm/sec
and V4 was calculated from standard drag coefficlent relations
(reference 14). The spray volume Vgj was obtained from the values
corresponding to the solid line of Figure 8 for the intermediate
spray, and from similar figures for the remaining sprays. Vg was
the physical volume scanned for obtaining droplet counts.

The vaporization from the spray was estimated from the one-dimensional
spray model described in reference 1 applied without chemical re-
action and with constant gas temperature. This permitted the con-
servation equations for the liquid, which are described in reference 1,
to be integrated using a step by step method over the 75 cm of length
of the spray generator. The initial fuel vapor concentration in

the gas stream was assumed to be zero. .The resulting concentration

at the tube exit was used to estimate the amount of fuel. evaporated.
The sprays were assumed to be monodisperse with initial droplet
diameter equal to the Sauter mean diameter calculated from the Upper
Limit function. The initial liquid fuel concentration in the spray
was calculated from the measured F/A for each spray. Table 6 shows
the physical properties that were employed for the calculation.

The boiling point of the fuel depended on the fraction of 1liquid
evaporated according to expected distillation data for Jet A which

is also shown on the same table.

Table 7 shows the alr to fuel mass ratio (A/F)C, calculated from
the droplet counts and from the estimated fuel vapor content of
the tube exit. The alr to fuel ratio measured by weighing the
mixture at the tube exit, (A/F), is also shown for comparison.
(F/A)gand (F/A)y on Table 7 denote the measured and calculated
liquid and vapor content of the sprays, respectively. The result-
ing air-fuel ratios are in good agreement except for the very
coarse spray, where because of the richness of the mixture and
the very large droplets present it was difficult to accurately
collect and weigh the suspension at the tube exit. The results
also indicate the significant effect of elevated air temperature
on the vaporization from the spray.
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TABLE 8. EXPERIMENTAL VS. CALCULATED BURgING
VELOCITIES OF NEAT JET A SPRAYS

Spray Burning Velocity, cm/sec.
Experimental Calculated
Reference 1 Reference 6
1 64 - -
2 77 70 67
3 64 56 54
4 65 45 69
5 105 85 -

¥Calculated values were obtained as in reference 3 using a
turbulence length scale of 0.5 cm and a turbulence intensity
of 5%.
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TABLE 10.

CALCULATED,VEHGCITIES FOR FUELS USED
IN AIR SHEAR TESTS (REFERENCE 5)

Additive Air/Fuel Ratio Burning Velocity
cm/sec.
Neat Jet A 3.79 40
0.2% AM-1 0.01 20
0.4% FM-4 2.5 23

0.7% XD 8132.01

Flame does not
propagate
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recommended to carry out an experimental study to measure particle
sizes during the whole lifetime of the spray, from the initiation
of the splll to the time that the liquid hits the ground. Such a
study would shed light on the antimisting behavior of modified
fuels during a crash, even during the time that the fuel mist 1s
behind the alrcraft, and would help iIn the interpretation of crash
results. :
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