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INTRODUCTION
Review of Literature

A number of articles are avallable in the literature discussing vari-
ous effects resulting from the spplication of sonic pulses in both the
audible and ultrasonic frequency ranges. Among the phenomena that have
been treated are liquid-liquid extraction (1), sublimation (2), evaporation
(3, 4, 5), gas absorption (6), and heat transfer (7, 8). The articles
which were of greatest interest during the present investigation were those
dealing with streaming (9-16) and those by previous investigators (3, 4)
whose experimental equipment was similar to that utilized in the present
study.

It was known prior to the present cemtury (17) that the passage of
sonic pulses through a transmitting fluid can, under certain conditions,
result in the development of flow in the fluid which ig different in nature
then the to-and-fro motion associated with the transmission of the soniec
pulses. Thig flow is 2 steady flow and is called streaming. The streaming
has been congidered as resulting from two different sources (16). It cem
result either from an interaction between the transmitting fluid and the
sonic pulses, or by an interaction between both of these and the solid
boundaries which are contacted by the sonic pulses. The term sonic pulses
does not distinguish between smdible and ultrasonic pulses in this work
unlegs gpecified otherwige.

A mumber of attempts have been made to determine solutioms to the
equations of fluid dynamics as spplied to streaming; however, formal solu-

tions exist only for relatively simple cases (9-16).



Objectives of Study

The objectives of this study were to improve the understsnding of the
mechanism by which sonic pulses produced chenges in evaporation rates eand,
if possible, to determine quentitative relationships between the evaporation
rates and the opersting conditions.

Summary of Previous Investigations

Prior to the present study, both Chmeh (3) and Nichols (4) conducted
somewhat similar investigations of the effect of sonic pulses on rates of
eveporation. Both Clumeh and Nichols observed increases in evaporation rates
as great as two hundred percent upon the spplication of sonic pulses. In
eddition, both Clmeh and Nichols observed small reductioms in eveperation
rates upon the application of sonic pulses for gome of the operating condi-
tions used.

Only Clmeh conducted sny stuiies of flow patterns by smoke observations.
Though he related little of the details of his work on smoke observations, he
failed to observe a change in the smoke patterns upon the application of sonic
pulses. These results led him to conclude that the movement of the disphragm
of the gsonic driver did not create a "wind current," which could be responsi-
ble for the large increases in evaporation rates observed upon the application
of sonic pulses.

The present study did not asccept Clmeh's conclusion that there was no
"wind current." A number of observations of smoke patterns were male to

further study the possible existence of a "wind current."



MATERIALS AND METHCDS

This study considered the effect of sonic pulses on the rates of evapo-
ration of pure water into a streem of dry air. The rates of evaporation were
determined both with and without the spplication of the sonic pulses. Obger-
vations were also mede of the changes in air flow occurring upon the spplicae-
tion of the sonic pulses; this was made possible by injection of smoke inte
the system. Data on eveporation rate end smoke patterns were compared for

varicus equipment arrangement and operating conditions.
EQUIPMENT AND APPARATUS

The arrangement of the equipment and aspparatus used in this study was
essentially the same as that employed by Nichols (4) except for the locations
of the sonic driver and the evaporative surface. These locations were varied
in five different equipment setups.

Figure 1 illustretes equipment setups N and A. Setup K was geometrically
identical to the equipment setup used by Nichols where the evaporative surface
was 1-3/4 in. below the ceiling of the main tunnel. Setup A was identical to
setup N except for the relocation of the evaporative surface at a point three
inches below the top of the main tunnel, Thue, the evaporative surface was
centered in the main tumnel in setup A.

Pigures 2, 3, and 4 illustrate setups B, C, and D, respectively. The
central location of the eveporative surface in the main tunnel as used in
setup A was maintained in these three setups, while the leoaﬁion of the sonic
driver was varied. Setups B, C, and D each had a vertical tunnel between the

sonic driver snd the main tunnel containing the eveporative surface. The



Hg Thermometer
bulb is in center
of tunnel

e

Sonic Driver
University

Thermocouple Model SA-HF | 31

Smoke injection point
4

/16" Metal pa .
Y o e 0707

6'3 /%"

Qo= -‘r

P

Junction is in center
horizontally and
approx, 2" below
ceiling

/

“+— Flow

Insulated portion

Center section of main tunnel with of tunnel
a 23" x 4" Plexiglas window on . both sides

¥For this dimension experimental Setup N used 1-3/4" and Setup A used 3"

Figure 1
Equipment Setups N and A



4—__— Sonic driver
Universal model

Vertical tunnel with—%*

SA-HF

21-1/4" x 3-1/8" x 3-1/8" DE—

inside dimensions, The

Plexiglas window covers
almost all of the front

side,

Window——> |
Sponge rubber pad

Wooden pad~\:z‘

X

[

w—= - Metal pad

Smoke injection
points on
vertical tunnel

Upstream smoke
injected at same
point as for
Setup A in
horizontal duct.

-
Flow

¥ This inside dimension Tunnel center section
constant at 3 inches,

Figure 2

Equipment Setup B,



Sonic driver
1/1///University model
I1D-60

<+ _Metal pad

. X
X Smoke injection
Vertical tunnel with ——~——*] points on
L8-1/8" x 1-7/8" x 1-7/8" vertical tunnel.

inside dimensions., The
Plexiglas: window covers
almost all of the front
side,

h7>\‘“‘~-Window

/04

—t

Sponge rubber pad

Wooden pad-\z\ﬂ‘
|

4
e
i ] P

37 ; Flow

¥ This inside dimension Tunnel center section
constant at 3 inches, :

Figure 3

Equipment Setup C,



oonic driver
R T . "
4" &~ University model
ID-60

-«— ~Metal pad

-~ X

X Smoke injection
Vertical tunnel with —=2—V points on
L8-1/8" x 3-5/16" x vertical tunnel.
3-5/16" inside dimensiois.

The Plexiglas window

. i W
covers almost all of the
front side. r_‘l__ﬁ/i;////ﬁindow
&
Sponge rubbdber pad__
Jooden pad-__ —
ol N
\LI 4; 2\
___t 4_._
Y Flow

* This inside dimensior Tunnel center section
constant at 3 inches.

Figure I

Lquipment Setup D.



dimensions of the verticsl tunnel varied for setups B, C, and D and sre
given on Figures 2, 3, and 4, respectively.

While the above variations in the equipment setups were the principal
differences between the equipment used by Nichols and that used in this study,
a mumber of minor changes and similarities were as follows:

1. The center section of the mein tunnel was replaced with a new section
having the ssme internal shape and dimensions but with Plexiglas side windows
to improve visual observation of the space surrounding the evasporative surface.
This is illustrated in Figure 1.

2, Various sonic drivers were used. Sonic driver SP-3 was a University
model SA-HF unit and was the same type as used by Nichols, This sonic driver
was used in equipment setups A and B. Sonic driver SP-15 was a University
model ID-60 unit end wae used in equipment setups C and D.

3. The evsporative surface was similar to that used by Nichols. It is
not known if it was identically the same evaporative surface.

4., The arrangement of the cepillary tubing used to measure the rates of
evaporation was altered in such 2 manner as to change the head of water sup-
ported by the evaporative surface. Work by Chueh (3) indicated this change
would have no effect on the evaporation rates.

5. Smoke was injected into the experimental equipmeni at various times
but not during evsporation runs. The points of smoke injection are given on
Figures 1 to 4. Smoke observations for equipment setups A and B were made
using light directed horizontally into the main tunnel through the Plexiglas
gslde; this light illuminated the entire center section of the main tunnel. A
beam of iight was directed vertically up through a hole in the bottom of the
main tunnel when equipment setups C and D were used; this beam was spproxi-

mately 1-3/4 in. in dismeter and illumination of the smoke was limited to the



path of the verticsl beam of light. The evsporative surface wes not used
during smoke observations for equipment setups C and D,

6. The alr flow meter was the same as that used by both Chueh and
Nichole; ite calibration was checked and found not to have changed.

7. The equipment used to determine sonic intensities was the seme as
that used by Nichole except that sn siditionsl microphone and two additional
extengion cebleg were also used. The new microphone was » Shure dodel 76B
lapel microphone that had been removed from its case and mounted on the end
of a piece of copper tubing. An extension csble wes made up for use with the
lapel microphone and was not used with sny of the other microphones. The
other new extension csble was a Genersl Ralioc Company Type 759-P30 twenty-five
ft. extension csble designed for use with the Shure 9898 microphone supplied
with the sound level meter (Genersl Raiio Company Type 1551-4). Extension
ceble 759-P30 was used for sll work using setups C and U, The older extension
cable (General Radio Company Type 759-P23) was the one supplied with the dynsm—
ic microphone assembly (Genersl Radio Compsny Type 759-P26); this was probsbly
the extenzion cable Nichols employed and was used in the present study for all
work using the Shure 9898 microphone with setups N, A, and B, The Type 759-F23
extension ceble is not recommended for use with the Shure 9898 microphone;
therefore, some errors may bheve resulted from the uge of this eable in the
pregent study and poesibly by Nichols.

8. The volumes of the sections on the cepillary messuring tube are given
in Table 1.

The smoke injected into the tunnels was produced either by burning tobsacco
or by bubbling air through titanium tetrachloride. The air used to generate
the smoke was less than two percent of the main sir flow through the tunnel;

hence, ite influence on the measured air flow was assumed to be negligible.
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The terminsl settling velocities of the titanium tetrachloride and tobacco
smoke particles were estimated to be less than 0.33 ft./win. and 0.01 ft./min.,
respectively. These low settling velocities indicated that smoke observations
would provide a satisfactory means of detecting air disturbances that hsd suf-
ficient movement to be detected by visual observation.

The smoke generated from the titamium tetrachloride was corrosive. This
made it necessary to dismentle snd clean the equipment, including the air

blower, after completing the runs with the titenium tetrachloride smoke.

EXPERIMENTAL PROCEDURE

The principel varisbles studied in this work were rates of eveporstion,
the arrangement or geometry of the apparatus (setups N, &4, B, C and D), and
the frequency and intensity of the sonic pulses. A group of consecutive runs
was usually msde to determine the rates of evaporastion both with and without
the spplication of sonic pulses for esch set of operating conditions. The
effect of the sonic pulses was considered to be indicated by compsarisons
within 2 group of runs.

Obgervations were also male when smoke was injected into the sgystem to
determine if the spplication of the sonic pulses would cause a disturbance
in the smoke flow patterns that might be visuslly discernible. Although the
smoke was introduced both with and without the evaporative surfasce present,
no data on rates of evsporation were taken without cleaning of the evaporative
surface after smoke had been used. This was done to avoid any possible con-
tamination of the evapnrative surfeace.

The effects of temperature and air velocity were not studied. Tempera—

tures were in the 81 to 85°F range for groups of runs where sonic pulses were
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epplied. Tempersture variations in this renge were assumed to have a negli-
givle effect on the rstio of the rate of eveporation with aspplication of sgonic
pulses to the evaporation rate without somic pulses. Although sir velocity
wes not controlled over as small & renge as temperature, two narrow gubranges
of velocities were used for most of the evaporstion runs. Air velocities were
generally low as Nichols' results (4) indiceted the effect of the sonic pulses
were more obvious st low velccities.

Sonic intensities were determined by replecing the eveporative surface
with a microphone which was comnected to the sound level meter. These intensity
determinations were taken either before or after the evaporstion runs and for
certain equipment setups, were not repested ae frequently as the evgporation

Tunsg.

DATA AU RESULTS

The principsl datae of interest obtained in this study may be divided into
the three following classes: 1. Data on gonic intensities, 2. Cbeervations
of air sgitation sg indicated by movement of smoke particles, end 3. Data on

retes of eveporation.

sonic Intensities

The data obtained on gonic intensities sre given in Tsbles 2, 3, and 4,
end in Figures 5 through 20. These eonic intensitlies were determined by posi-
tioning a microphone st the location of interest which ususlly wes the location
of the evaporative surface. OSonic intengities are to be considered as cor—

rected for sny effects of the sound level equipment unless specified otherwise.
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If intensity vslues are not corrected they are referred to as the "as resi®
sonic intensities to distinguish them from the corrected or "sbsolute" sonie
intensities.

Pable 2 contains as resd sonic intensity date for szetup B of the experi-
mental equipment. These data are plotted in Figures 5, 6, &nd 7 and were used
to determine the difference (noted on the figures) between the azs reasd sonic
intensity values for the lspel snd Skmre 9898 microphones when the microphones
wore at the evaporative surfece position and "shsolute" sonic intensities were
the same. These three figures were slso used to determine interpolated vaxun
for the as read sonic intensities at the evaporative hesd position based on the
lspel microphone determinastions. Figure 21 explains the method of determining
the vertical position or height of the micrephones.

Teble 3 presents data for setups A snd B on the necessary voltages to the
soniec driver for the ssme a&s read sonic intensities to be measured with the
lapel microphone positioned at the evsporative surface location.

Pigure 8 is & plot of as real sonic intensity versus voltage to the sonic
driver for setup B. The as real sonic intensities are the values observed with
‘zm lapel microphone at the location of the evsporative surfase. These values
were based on the data presented in Tables 2 end 3. Two of the three frequen-
cies used, 600 and 1200 cps, resulted in different relationships between sonie
intensity and voltage becasuse of the failure of the dats in the Tsbles 2 and 3
te reproduce each other.

Pigure 9 is a plot of as resd sonic intensity versus voltage to the sonie
driver when setup A was used. The as read sonic intensity values were deter~
mined from the lines plotted on Figure 8 at the various sonie driver veltages
used with setup B given in Teble 3. These intensities were then plotted
agaianst the wmmﬁi&g voltages for setup A, Tsble 3, which had the same as
resd sonic intensities.
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Thue the relationships between ms reasd sonic intemnsity with the lapel
microphone and voltage to the sonic driver are given in Figures 8 and 9 for
setups A and B, respectively. These figures were used in determining sonic
intensities for evsporstion runs with setups A snd B, The spproximate average
of the two possible values were used for frequenciee of 600 and 1200 eps.

The as read intensity values in Figures 8 and 9 required ad justment for
two factors to put them om an absolute sonic intensity basis. One adjust-
ment wag for the difference between the as read db walues using the lspel
microphone and the db values givem by the Smre 9898 microphone. Thege
od justments are indicated on Figures 5, 6, and 7. The other sijustment was
for the use of the extension cable with the Skhure 9898 microphone so that its
&8s read sonic intensities could be placed on 2n absolute sonic intensity basis.
This edjustment could be only approximate as the extemsion cable used was not
the proper one and subsequent inspection of the sound level meter indicated
the meter was not operating properly during this peried. Values of 8 to 10 db
were estimated from aveileble date to gllow for famltiy operation and the use
of the extension ceble; an “average" of 9 db was used.

The sbsolute sonic intensity values given in subsequent tebles and figures
for getups A and B were obtalned by meking the ad justments indicated above te
intensity values from Figures 8 and 9.

Table 4 presents the as resd gonic intensity deta used to determine sgonic
intensities when using setups C snd D of the equipment. As resd sonic inten-
sities from Table 4 were aljusted for use of the extension ceble using mam-
facturer's date (18) and were then plotted in Figures 10 through 18. In some
cases the data was limited snd the parallel line relationship often obtained
both in this work and in the work of Nichols (4) was used in drswing lines

througk the data. In seversl cases it wss necessary to use more than one
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line to represent the intensity-voeltasge relationship because of poor repro-
dueibility of the data. Figures 19 and 20 are plots of the voliasges required
in setups C and D to produce the same sonic intensities at the evaporative
gurface. Theee plote were constructed ueing the lines drawn in Figures 10
through 18.

The gonic intensities in subseguent tebles and figures for setups C and
D were obtained from the plots in Figures 10 through 18. A range of intensity
velues was used in some cases becsuse of the poor reproducibility of the data.

Some other migecellaneous testing indicated the somic intensity to be
sensitive to frequency changes at constant veltage to the sonic driver. This

result wae also obtained by Nichels, pp. 10 and 1ll.

Smoke Observations

The observations of disturbances in smoke patterne, i.e., streaming,
caused by the spplication of sonic pulses are given in Tables 5, 6, and 7 and
Figure 22. In addition to these results a number of other observations were
also made for various experimentsl setups and opersting conditions.

Tebles 5 and 6 present stresming observations made using equipmeant setups
4 end B, respectively. These data were cbtained by injection of titanium
tetrechloride smoke into the mein tunnel upstresm of the evsporative head.
Ar was flowing through the tunnel and the eveporative head was in position
when these data were taken. Figure 22 shows the sweeping action of high air
flow on the stresming czused by spplication of sonic pulses for setup A, It
was observed that when the spplication of sonic pulses resulted in strong

streaming in the center region of the main tunnel where the evaporative
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surface wes located, the streaming generslly took the form of a2 Jjet of sir
directed down toward the evsporative surface.

Teble 7 containe stresming observations for equipment setups C end D.
¥or these date tobascco smoke was injected into the verticsel tunnel. There
wae no air flow through the main tunnel and the evaporative bhead was not used
when thege date were obtained. The sppesrance of gtresming in the verticasl
besm of light was often similar to a jet of air directed downward when the
stresming waeg very strong. JHowever, this similarity in sppesrance was not as

pronounced as described sbove for setup 4

Rates of Evsporation

Data snd results on rates of eveporation sre giver in Tsebles 8 and 9 and
in Figures 20 through 33. Tsble 8 contalng data and results obteined on rates
of evaporstion when using equipment setups N, A, and B. These results are
plotted in Figures 23 through 27. Figure 27 also conteins some results from
Table 9. Date and results on rates of eveporation for equipment setups C snd
D are given in Tsble 9 snd in Figures 27 through 33.

The sonie intensity velues given in these tebles and figures were obtained
from plots of the date on sonic intemnsities referred to in the sbove discussion
on sonic intensities. All the sonic intensity values used in the tables snd
figures on rates of eveporation are the best estimates of the absolute inten-
sities (as opposed to the as-resl velues). In some ceses the poor repro-
dueibility of the dsta has prompted the use of a range of values for the sonie
intensity.

£11 plots of eveporation dste versus sonic intensity use average values

for evaporation rates. The data in Tables 8 and 9 are in groups of nine or
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less runs where sonic pulses were spplied during some of the runs. The rates
without sonic pulses were averaged within each group and this average value,
Bo, divided into each evaporation rate within the same group of runs. Thig
resulted in values, R/Ro, expressing evaporation rate relative to the aversge
rate without sound. The R/Ro values were averaged within esch group for all
runs at the same frequency snd voltage to the sonic driver; these are the
average values used in the plets. Note that some of the R/Ro values in
Tables 8 and 9 are for runs when no sound was used.

Migcellaneous

The calibratiom curve of the flow meter used to determine air flow
through the mein tunnel was checked. No change in the calibration was
obgerved.

Early efforts were directed toward the use of a hot wire anemometer to
charasterize the effect of the spplication of the sonic pulses. Results
indicated that it was possible to use the anemometer to detect both the sonic
pulses and the streaming observed by smoke observations. However, time
limitations became critical amd it wes not possible to contimme this work to
a satisfectory conclusion permitting the use of hot wire anemometer observa-

tions to desecribe streaming.

DISCUSSION

The discussion of the results of this work considers first the sonie

intensity data and second the smoke observations and the eveporation rumns.
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Data on the latter two items are interrelated snd therefore lend themselves

to simultaneous congideration.

Sonic Intensities

The data on sonic intensities generally sppeared to spproximate the
series of persllel straight line plots as was obtained by Nichole (4) in
Plotting sonic intensity vs. the log of the voltage to the sonic driver. The
prinecipal difficulty in the use of these data was the failure of the data to
always yield reproducible plets.

The intensity data in Tsbles 2 and 3 were used to determine sonic inten-
gities for equipment setups A and B. As previously discussed these data could
not be expected to accurately indicate sabsolute values for the intensities
becamse of equipmental difficulties. Therefore, the averages of the indicated
range of values were used in describing the sonic intensities for the evapore~
tion runs while the range of these estimated sonic intensities may be as grest
as 3 db.

The difficulties with the sonic intensity equipment were corrected before
obtaining the sonic intensity data, Table 4, for equipment setups C snd D.
These data are tlms expected to give more accurate representation of the true
gonic intensities. Where the reproducibility of the data was poor, ranges of
intensity values have been used to describe sonic intensities for the evapora—
tion runs using equipment setups C and D.

Tw#o possible factors contributing to the poor reproducibility of the data
on gonic intensities may be indicated by the dependence of measured intensity
values on the frequency and the location of the point whose intensity is being

determined. As frequency wes varied at constent volts to the sonic driver
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the intensity varied through a series of maximum and minimum values probsbly
resulting from vsrious conditions of resonance. Sonic intensity was also
found to vary with microphone position. It also seems likely that veristions
in the positioning of the sonic driver might slso affect intensity measure-
ments. Thus if the frequency snd equipment setup were not exactly identical
each time sonic intensities were determined, end this undoubtedly was the
case, the sonic intensities would be expected to exhibit a lack of reproduci-

bility.

Smoke Observations and Rates of Evaporation

The results of preliminary runs to determine rates of evaporation are
given in Figure 23; these data were taken using equipment setup N and without
the use of sonic pulses. Some of Nichols' data, (4), were aversged and plotted
in Figure 23 for purposes of compearison. The results for the present study
demonstrated the expected stealy increase in rate of evaporation as sir velo-
city wes increased. The failure of these results to roughly coincide with
Nichols' result is not understood. The use of different evaporative surfaces
may have contributed to the observed differences although this is not believed
to be the csase.

The initial work in the present study considered the possibility that
operation of the sonic driver resulted in a sort of "wind effect® which was
the mechanism responsible for the large increszses (as mch as two lundred
percent) in rates of evasporation observed by previous investigators (3)(4).
Chueh (3), p. 73, defined the "wind effect" as "the disturbsnces csused by
the 'wind current! created by the movement of the diasphragm of the sonic

driver." Chuel considered that "the difference between 'wind current'! snd
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'sound wave' is that the former is a kind of flow motion, while the latter is
transmitted through the molecular motion." Thms, if a wind effect existed, it
would occur next to the diaphragm end extend away from the disphragm until it
was dissipated in the transmitting fluid. Chueh observed smoke patterns to
test for the existence of a "wind current" and concluded that none was present.
Details of the operating conditions he used are not available except for one
set of conditions using sonic pulses at sbout 1150 cps and 129 db. Cheh had
observed increases in rates of evaporation of over two hundred percent upon
epplication of sonic pulses at these conditions.

All disturbances of smoke patterns that are reported in this work are
considered to indicate the existence of streaming. Preliminary tests with an
experimental setup similar to Nichols' showed disturbances in smoke patterns
immediately below the sonic driver. These disturbances indicated the existence
of either a "wind current" or streaming. At this time, these disturbances
were believed to indicate the presence of & "wind current" =nd was considered
to be the probsble cause of the large increases in eveporation rates that had
been observed by previous investigators. HHowever, subsequent work showed it
was possible to generate smoke disturbances at some distance from the sonic
driver while maintaining = stagnant region between these disturbances and the
sonic driver. This discontinmuity in the smoke disturbances could not occur
if only a wind current existed. Also the smoke disturbances next tc the sonic
driver were very similar in sppearance to an air jet which is the form of dis-
turbance that stresming would be expected to tske under these conditions (9)
(19). These results led to the conclusion that streaming was responsible for
the obgerved smoke disturbances.

A test was run to determine if the existasnce of streaming, as indicated

by observations of disturbances in smoke patterns, was responsible for large
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increases in eveporation rates. Two experimental setups were chosen in an
attempt to be abie to operate with and without the presence of streaming in

the region surrounding the evaporative surface. BEquipment setup A was identical
to that used by liichols except for the evaporative surface location. Smoke
obgervations demongtrated that for some operating coniitions the spplication

of sonic pulses resulted in streaming around the evaporative surface.

Equipment setup B was the same as setup A except for the use of a vertical
tunnel section between the sonic driver and the main tunnel in which the evspo-
rative surface was located. This verticsl tunnel section served as a buffer
chamber in which the streaming occurring immediately below the sonic driver
had esn opportunity to dissipate its energy without affecting the flow in the
vieinity of the evsporative surface.

The results with setup A supported the hypothesis that streaming was
responsible for the increases in evsporation rates observed upon application
of somnic pulses. Streaming observations using smoke injection are given in
Table 5. The eveporation data are in Table 8 and =re plotted in Figures 24,
25, end 26. Comparisons between Tsble § and the figures show that increases
in eveporation rates were observed only when the streaming was present around
the eveporative surface and becsme larger as the intensity of the stresming
increased. Although the sonic intensities used at 1200 cps were as great as
those at lower frequencies, no stresming was observed in the vicinity of the
eveporative surface end no effect of sonic pulses on evaporaiion rates was
readily spparent.

Pigure 22 illustrates the sweeping action that high air flow rates had
on the streaming generated by the spplication of sonic pulses using setup A.
1t was possible to sweep the streaming flow down the tunmel before it could

reach the region immediately surrounding the evaporative surfece. This effect
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might explain the results plotted on Plates X and XIII by ¥ichols. These
resulis indicate that eveporation rates increased as sonic inteneity was in-
creased at constamt air flow. Jowever, increeses in sir flow at constant
intensity hed a positive, negative, or no effeet on evaporation rates. For a
given sonic intensity the change in rate of evaporation, as air flow rate was
ingressed, could have depended on how much the incressed evaporation rste,
resulting from higher sir flow, compengated for the reduction in evaporation
rate caused by the giresming flow being swept away from the evaporative surface.

The results with setup B also indicated the dependence of change in evapo-
ration rates on the existence of stresming next to the eveporative surface as
indicated by visual observations of smoke patterns. The operating conditions
in getup B, including the frequency and intensity of the sonic pulses at the
evaporative surfece, were the same as thoge used with getup A. Although
streaming was observed in the vertical tunnel immediately below the sonie
driver, it wess never present in the main tumnel. These sireaming observations,
given in Tzble 6, are consistent with the failure o detect significant in-
eresges in evaporation rates with the spplication of sonic paises usiag setup
B, The evsporation data are given in Teble 8 2nd plotted in Figures 24, 25,
and 28. The evaporation dsta at 1200 eps for both setups A =nd B indicated
that the soniec pulses might have caused a small decresse in evaporstion rates,
that is, 2 negative effect. HNo further work was performed to confirm this
possibility. |

Further investization of the spplicstion of sonie pulses and their effect
on evaporation rates and streaming patterns was directed toward developing a
better understanding of those factors in the experimentsl setup which might

be important in esteblishing evaporstion rates. It was decided to use
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equipment setups ¢ and D which differed only in the eross sectional sisze of
the vertical tunnel section.

Smoke observations were taken on setups C and D with no evaporative head
or main air flow to determine the frequencies to be used for evaporation runs.
Those frequencies which resulted in the most intense stresming at the usual
location of the evaporative surface were selected for the evaporatioa runs.
Frequencies of 1500, 1680, and 1800 cps were also chosen becamse they had high
sonic intensities with little or no streaming. These three frequencies were
selected to provide contrast with the runs with considerable streaming while
still operating at gbout the same sonic intensities at the evaporative surface.
The frequencies with high sonic intensities and little streaming were selected
elso to ges if the epplication of sonic pulses might reduce eveporation rates
under thege conditions. Nichols, p. 17 and p. 36, had observed such 2 negative
affect of sonic pulses at operating conditions that were indicated in the pre-
sent study to bhave relatively minor streaming when compared to runs where sonic
pulgses incressed evaporstion rates.

Table 7 records the smoke observations with equipment setups C amd D. It
ray be noted that the values of the voltsges spplied to the sonic driver in
Table 7 were not the exaet values required for the s=me sonic intensities at
the evaporative surface for setups C snd D. This made it necessary to inter-
polate to compare, at constant sonic intensities, the intensities of the
streeming at the evaporative surface location between setups C and D. Figures
19 and 20 plot the voltage to the sonie driver which produced the same sonic
intensities at the evaporative surfasce for setups ¢ and D.

By comperisons, at constant sonic intemsity, of the intensities of the
streeming for setups C and D, it was possible to predict how the effect of the

sonic pulses on evsporation rates would compare for the two equipment setups.



This was done on the basis that the more frequent snd intense or vigorous
streaming at the evaporative surfsce location would result in a greater in-
crease in evaporation rate. Table 10 lists the predictions which were made.
Table 10 2lso shows how the changes in evsporation rates resulting from the
spplication of gonic pulses compared between setups ¢ and D. Table 10 shows
good agreement between the predictions of eveporation rates and the experi-
mental data on evaporation.

It wae slso possible to use the streaming observations in Table 7 to mzke
a series of predictions of evaporation rates for all frequencies contained in
Teble 7. These predictions are given in Tsble 11 and, like those in Table 10,
are based on the assumption that more frequent and intense streaming will
result in a greater change in evsporation rate when sonic pulses are spplied.
However, unlike the Table 10 predictions, the anticipated evaporation rates,
i.e., B/Ro in Table 11, are not on the basis of constant sonic intensity. The
evaporation rates, i.e., RfRo values, were sight values tsken from the trends
estsblished in Figures 28 to 33. Table 11 exhibits relestively good agreement
between the predictions and the experimental data on evaporation rates.

The evaporstion runs at 1500, 1680, and 1800 cps showed no sppreciable
effect of sonic pulses on evaporation rates. As with the runs at 1200 eps for
setups A and B, = large nmumber of rung would be required to determine if the
sprlication of sonic pulses results in s small change in rate of evsporation.

The results of compsrisons between equipment setups A and B in previous
discussions =nd between setups C and D in Table 10, indicate that the geometry
of the enclosure or tunnel gystem of the experimental setups is a vital factor
in determining the effect of the sonic pulses on evevoration rates. The effect
on eveporastion rates incressed as the intensity of the streaming increased and

the streaming intensity was dependent on the geometry of the enclosure. As
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the comparisons were made st identicel operating conditions (i.e., soniec fre-
quency, sonic intensity, and oir velocity) at the ssme location for the evapoe
rative gurface, 1t ig¢ indicated that any stresming which resulted from the
gonic pulges contacting the eveporative besd was minor in its effect on
evaporation rates for the operating conditions need in this work. The con-
clusion that more intense stresming resulted in higher evaporation rates is
also supported by the sgreement between predictions and dats in Table 11,

Comparisons between all four of equipment setups 4, B, C, and D algo show
the importance of the encleosure of the equipment setup. Figure 27 shows this
in a plot of the results of evaporation runs &t the only frequency, 600 cps,
common to the evaporation runs on 211 four of these setups.

The intensity of the streaming increased as sonic intensity increased.
This relationghip ie indicated by the smoke observations in Tables 5, 6, and 7.
However, if gonic frequency is a2lso sllowed to vary, them the relationship
between stresming intensity end sonic intensity is unknown.

Ho effort was made to derive quantitative relstionghips relating evespors-
tion rates to the other operasting conditions, e.g., sonic frequeney, sonic in-
tensity, and sir flow rate. Relationships of thig nsture would bave limited
ugefulness because they would spply to only a few specific situations, i.e.,
the experimental setups used in thig study.

In sddition to the evaporation data obtzined in the present work, Figure
27 slso includes evaporation resulte in the form of RfRo values calculated from
the results of Nichols, p. 29, Although these valueg indiczte a large change
in eveporation rstes upon the spplication of sonic pulses, the RfHo values
for experimental setup 4 sre larger at the ssme sonic intensities. The

opposite result was expected becsuse the eveporative surface was closer to
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the sonic driver in Hichols' experimental setup end this was expected to re-
sult in grester lmpingement of the stresming flow upon the evaporative surface.

Although the overall results of the evaporation runs in the present study
seem fairly consistent with the results obtained by Nichols, there is one out-
standing point of dissgreement when considering the work by Chueh. Chueh
obgerved increases in evaporation rates up to two hundred and ten percent
(or B/Ro  3.10) by spplying sonic pulses at 1150 cpe end 129 db. Using
titenium tetrechloride smoke, Chueh observed no streaming (i.e., "wind current”
in Cmeh's terminology) with sonic pulses at 1150 cps and 129 db. The results
of the present study indicate that streaming should be detectsble at sonic
conditions resulting in such large increases in evaporstion rates.

While a satigfactory explanation of Chueh's results cannot be made on the
bssis of the present work the following points should be considered.

1. Chueh used up to a 20,5 volt signsal to the sonic driver which was the
gsame type 2s used with experimental setups A end B in the present study. How-
ever, the sonic driver became overloaled in the present work with voltages
greater than about 10 volts when frequencies were sbove 1000 eps. The sonic
intensity-voltege relationships at the evaporative surface in Clmeh's work
were probsbly not the sszme as in the present study.

2. Some mild stremming was observed in the present study at 1200 eps and
4 to 8 volts to the soniec driver. However, the streaming did not impinge upon
the evaporative surface probsbly as 2 result of the sweeping action of the air
flow through the main tunnel.

3. With zero air flow through the main tunnel, Clmeh did cbserve a
thirty-five percent increase in evaporation rate =t 1200 cps, 124 db, and 15.5

volts to the sonic driver.
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4, The region in which stresming flow is generated msy be very close to
the sonic driver and the db-voltage relationship in this recion might be con-
sidersbly different from that determined at the location of the evaporstive
surface, Thege differences might help explain the observed variations in
streaming flow as fregquency varied end sonic intensity at the eveporative
surface was constant.

Thus the results of the pressent study indicate that streaming might exist
for Cmeh's opersting conditions. The results also demonstrate the existence
of streaming in the vicinity of the evaporative surface when sonic conditions
rasult in a change in evsporation rate grester than a few percent.

The smoke observationsg generzlly indicated that am air jet like effect was
directed toward the evaporative surface when conditions were such as to remlt
in stroang streaming flow. This flow pattern would indicsate that the streaming
was of the type first analyzed by Eckart (9). This type of stresming results
from =n interaction between the sonic pulses and the transmitting fluid where
the gound beszm does not contact a s0lid surfazce. Thig condition existed in
each of the experimentzsl setups in the regionm hetween the evaporative hesd and
the top of the main tunnel where the sonic pulses entered inte the main tunnel.

Though generslly it sppeared that conditions resulting in greater stream-
ing flow 2ls0o resulted in increased evsporstion, it should be recognized that
anomalous results sometimes occurrel. Setup D exbibited 2 consistent reduction
in evzsporation rates upon the aspplication of sonic pulses =2t 600 cps at sonic
intensities in the lower portion of the range of intensity covered. Another
unexpected reslt whick occurred for come of the opersting comditions used
{e.g., setup D at 600 cps 2nd less then 127 db) wee the indicated decrease in
eveporztion rates as sonic intensities were increased. Though it might be

suppoged that some combinations of streaming =nd forced air flows may result



in unusual net flow, a suiteble explanation for these unexpected results has
not been deduced.

The analysis of the evaporation data snd stresming observations was made
more complex by not being subject to reproducibility problems with just these
particular data. The reproducibility of the sonic intensity dats also was
important because comparisons were made at the ssme sonic intensities for the

different experimentsal setups.

CONCLUSIONS

The effect of the application of sonic pulses on rate of evaporation
results at least in considerasble degree from the streaming phenomena. When
sn effect or change in rate of evaporation existed, it ususally took the form
of =2n increase in evasporation rate snd conditions which led to more vigorous
streaming in the vicinity of the evsporative surfece ususzlly resulted in
greater increases in rates of evsporation. The stresming was = function of
the scoustic conditions znd of the geometry of the enclosure or tunnel system
in the experimental setup. If any streaming resulted from the sonic pulses
contacting the evaporative head, it had a relstively minor effect on evapors-
tion rates. The intensity of the streaming incressed as sonic intensity in-
cressed with other operating conditions being held constant. The quantitative
results obtsined in the present study are specific to the particular systems
ugsed =nd are thus restricted in their agpplication. The predominant streaming
observed sppeared to be the type that results from an interaction between the
sonic pulses and the transmitting fluild with no solid surface required to be

present for ite generation.
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RECOMMEND ATIONS

The following recommendations are given for consideration in any future
study:

The study should be reconsidered with sttention given to the importance of
the streaming phenomena in determining the effect of the application of sonic
pulses on rates of evaporation or any other physical phenomena being con-
sidered. It may sometimes prove advantageous to consider this work as pri-
marily a study of stresming. This viewpoint can make it possible to better
define the problem and its solution. Studies of streaming may permit more
rapid exeamination of possible experimentsl conditions to determine those con-
ditions which should be given more detsiled congideration. This spproach
could lead to improved optimization in the choice of experimental conditions
whoge evaporation rates should be evaluated. It is possible that radical
changes in the operating conditions and the geometry of the experimentsl setup
may be desirable. A more precise mesns of measuring streaming flow is also
needed.,

A more carefully constructed equipment setup is desirable to improve the
reproducibility of the results. This cen become especially important as the
equipment is varied back and forth between several various choices.

Three other equipment changes are also recommended as desirable. The
first is the use of a smaller sensing element for determination of sonic in-
tensities. This could be used to determine sonic intensities at various
points when the evsporative surface is in place. This might also be useful
in determining sonic intensities at the evaporative surface while using a
senging element which has the same acoustical properties as the eveporative

surface. A second desirsble equipment change would be the use of a more
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stable signal generation system and one not so dependent on being set to
certain miltiples of 60 cps. This improvement in frequency conirol would be
ugeful but may not be necessary. The third desirable equipment change is the
necessary alterations to provide for the use of higher sonic intensities.
This would make the effects being studied more pronounced and permit them

to be more easily detected and determined., It may slso be helpful in the
analysis of the results to have dats taken over a wider range of sonic in-

tensities.
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Table 1. Volumes of sections of cepillary tube.
: Volume
Section : ml.
0-1 0.01159
1-2 0.01203
2=3 0.01103
34 0.01174
4-5 0.01135
5-6 0.01128
6="7 0.01163
78 0.01160
8~9 0.01136
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Teble 2. Sonic intensities for equipment setup B. Somnic driver §P=-3, Microphone height varies.

s

: : Microphone @ H : : As Head
: : Height : Temp. : Freq. : Volts to H Sonic Intensity
Run : __ Microphome Inches : 'y, : cps : Sonic Driver db
161=195= 1 Shure 9898 1-23/32 79 600 8 1156.2
- 2 W " 600 16 119.8
-3 " " " 660 8 118.4
-4 " " " 660 18 133.4
-5 " " N 1200 8 1230.4
-6 " 2=7/32 " 1200 8 128.8
-7 u " H 660 8 118.6
- 8 " W R 560 16 123.2
-9 L " L 600 8 113.6
-10 " " " 600 16 118.4
=11 " 2=13/16 . 600 8 111.1
-12 " " L 600 16 116.2
-13 " " H 660 8 118.0
-14 " H " 660 16 123.7
-15 L " n 1200 8 126.0
-16 " 3-1/4 " 1200 8 122.5
=17 " " " 660 8 119.3
-18 " . " 660 186 123.8
-19 " " " 600 8 109.7
-0 f u " 600 16 114.8
-21 " =23 /32 " 600 8 107.6
-22 " " " 600 i6 112.6
-23 H L L 660 8 119.4
-24 " " " 660 16 124.1
-26 " " " 1200 8 116.3
-26 " 3-15/16 ‘ 1200 8 112.8
-27? " W H 660 8 119.4
-28 " " " 660 16 124.2
-29 " " " 600 8 107.0
«30 " " " 800 16 111.9
-3l Lepel 1=3/4 " 600 8 117.5
=32 } " " 600 16 122.6
-33 " " W 660 8 121.4
-34 " " " 660 16 125.5
=35 " n “ 1200 8 134.9
-36 X 2-1/4 " 1200 8 132.6
=37 " " " 660 8 122.0
-38 [] it " 660 16 128.4
-39 H U " 600 & 116.0
=40 " “ U 600 16 120.9
-41 . 2=3/4 n 600 8 114,3
-42 " ] ] 800 16 119.0
-43 " " L 660 8 122.4
sl " ] it 660 16 126.8
=45 # " ] 1200 8 129.8



Table 2. (conel.)
e ———— s
: : Microphone ¢ : H : As Head
: : Height : Temp. ¢ Freq. Volts to : Sonic Intensity
Hun $ Micrephone : Inches : oF, : cps : Sonic Driver ¢ db
161=-195-46 Lapel 3-1/4 79 1200 8 124.6
-47 " " N 660 8 122.7
~48 " " " 660 16 127.2
-4 . ’ i 600 8 112.5
-50 . . " 600 16 117.2
-51 . 3=3/4 " 600 8 110.4
-52 . " 8 600 16 115.7
-53 " " . 660 8 123.0
-54 " " " 660 16 137.7
-55 . " " 1200 8 108.0
-56 " 4-1/4 " 1200 8 123.2
-57 " " " 660 8 123.4
-58 ' " " 660 16 127.8
-59 " " " 600 8 109.0
=60 " " " 600 16 114.3
-81 " 4-11/16 " 600 8 108.7
-62 . " " 600 16 114.1
-63 " " " 660 16 123.2
-64 " " " 660 16 128.0
-65 " " " 1200 8 129.1
-66 " 4=0 " 1200 8 122.3
-57 " 3=7/8 " 1200 8 116.0
-68 " 3-3/4 " 1200 8 116.3
-69 " 3-5/8 " 1200 8 117.9
=70 ’ 3=-1/2 ’ 1200 8 119.9
=71 n 3=3/8 " 1200 8 121.1
=72 " 3=1/4 i 1200 8 124.3
-73 " G=3/4 " 1200 8 114,7




Teble 3.

Sonic intensities for equipment setups A and B. Sonic
Microphone at evaporative surface position.

driver 35P=3,

Pt s e —. e e et ——y
: : : : : : As Read
: Equipment @ : Temp. : Freq. ¢ Volte to : Sonic Intensity
Run 3 Setup ¢ Microphome i °r, i ops i _ Somic Uriver db

161=207= 1 A Lepel 81 600 “ 104.8
-2 " . " 600 8 110.0
-3 “ 4 . 600 12 112.7
-4 " " . 600 16 114.5
- B * ¥ " 660 4 115.4
-6 9 " " 660 12 123.2
-7 " u . 660 16 124.8
- 8 " " . 1200 2 115,7
-9 " " . 1200 4 121.2
=10 . " A 1200 6 124.7
-11 " " . 1200 8 126.9

-12 ' ¥ . 610 8 116-122

-13 " " . 610 12 118-122
-14 B " " 600 5e6 104.8
=15 g " " 600 11.4 110.0
_16 " " " 600 17. 65 112. 7
-18 " ' " 660 3.3 115.4
-19 " . " 660 9.1 123.2
=20 " " " 660 11,26 124.8
-2l " ’ . 1200 2. 65 115.7
"'22 " " " 1300 5: 45 12102
-33 " “ " 1200 8. 5 1240 7
=25 " . " 610 8 118.0
"‘26 L " " 610 12- 5 12100
-27 " 2 ’ 600 5.5 104.8
-28 s ¥ " 600 11.1 110.0
=29 . " " 600 17.6 112,7
=31 . N " 660 36 3 115.4
-32 . " " 660 8.9 123.2
=33 " " " 660 11.15 124.8
=34 i N » 1200 2.6 115.7
=35 " ' " 1200 B.4 121.2
=36 " " " 1200 Bo4 124,7
=38 . " " 600 4 104.4
=39 o . " 600 8 109.9
=40 " " " 600 12 112,7
=41 A N . 600 16 114.,7
-42 i % " 660 4 115.2
=43 - . " 660 12 123.0
=i " " " 660 16 124.6
-45 . " " 1200 2 115,4
-46 “ " “ 1200 4 121.2
-47 “ . " 1200 6 124.8
=48 ¥ # . 1200 8 12647
=49 B ¥ # 600 Be 5 104.4

(2]

[e)]



Table 3. (conecl.)
: : : : : : As Read
: Lquipment ¢ : Temp. H Freq. H Volts to : Sonic Intemsity
Run : Se tup : Microphome @ or, ¢ cps : Sonic Driver ¢ dbd
161=207=50 B Lapel 81 600 11.78 109.9
=£l " " . 600 17.4 112,7
=53 u " “ 660 3.2 115.2
-'54 " L " 660 80 35 123.0
=56 " . " 660 11.05 124.6
-56 " " " lm 2- 55 11504
=57 . " " 1200 5o 35 121.2
"58 " " " 1200 8. 5 1%.8
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Table 4. Sonic intengities for equipment setups G snd D. Sonic driver
SP=15., Skhure 9898 microphone at evsporative surface position.

e e e . ot e S i e 0 e S o3 s R s

H : H : H As Resd : Temp. H Sonic
: Equipment 3 Temp. : Freq. : Volte to : Sonic Intensity ¢ Correction : Intensity
Run : Setup : oF, : cps : Sonic Uriver @ db : db : ab

-248 . " 330 4.0 121.9 " 124.8
-256 " . 57 4.0 121.2 " 124.1
=257 " . 600 4.0 115.9 " 118.8
-259 " u 660 4.0 117.4 " 13).3
=272 » " 1200 4.0 122.4 " 126.3
=276 " . 1320 4,0 122.4 . 126.3
=277 " " 1320 4.0 122.9 " 126.8
-278 " » 1380 4.0 121.8 . 124, 7
=279 i . 1380 4.0 122.9 " 126.8
=280 " " 1440 4:0 125.7 " 128.6
-281 " . 1440 4.0 127.0 " 129.9
=282 o 4 1500 4,0 12508 " 128.7
"283 " " lm 400 126.2 5 129.1
-286 " . 1680 4.0 126.3 " 128,2
"288 " " lm 4.0 12408 " 127.7
-289 " " 300 3.0 101.0 . 102.9
=290 " " 300 6.0 107.0 . 109.9
=291 " " 300 9.0 110.9 " 113.8
-292 " “ m 12'0 1130 2 . 116.1
-293 " ¢ 300 150 115.0 " 117.9
-204 " . 600 3.0 114.9 " 117.8
=295 " " 600 6.0 120.4 " 123.3
-296 " " 600 2.0 123.9 " 136.8
-297 . " 600 12.0 126.3 i 129.2
-298 " " 200 2.0 103.6 . 106.5
-299 ‘ . 900 4,0 109.3 " 112.2
=300 " " 900 6.8 112.6 . 115.5
=301 " " 200 8.0 114.9 " 117.8
=302 " " 900 10,0 116.7 " 119.6
=303 » " 1200 2.0 117.0 . 119.9
=304 " " 1200 2.0 116.9 . 119.8
=305 u " 1200 4.0 122.4 " 125.3
=306 . . 1200 4.0 122.4 a 125. 3
=307 . o 1200 6.0 127.0 " 129.9
=309 " . 1200 6.0 128.4 " 131.3
=310 . u 1200 8.0 127.8 " 130.,7
=311 " " 1200 8,0 127.8 " 130.7
“312 " " 1&0 2.0 13). 7 " 123.6
-313 . " 1500 2.0 120.2 " 123.1
=314 . " 1500 4,0 125.8 " 128,7
-315 " " 1500 6.0 133.0 " 132. 9
=316 . " 1500 8.0 132.3 " 135, 2
-317 # " 1800 2'0 118-0 o 13). 9
-318 " * 1800 4.0 124.8 " 127.7



Teble 4. (cont.)

S v——— et i s i 9 s ason i amosses.ze
e e s S e

H H : : H Ag Read H Temp. : Sonic
: Equipment : Temp. H Freq. 5 Volts to H Sonic Intensity 3 Corrsction Intensity
Run : Setup ¢ °r. : ops ¢ Soniec Driver : ab : ab : ab

162=198=319 C 84 1800 6.0 130.0 2.9 132.9
-320 " H 1800 80 0 130. 5 " 1350 4
-321 f L lm 200 1%.4 " 123.3
=322 # W 1800 4,0 126.9 " 128.8
=323 w " 1800 6.0 130.7 " 132.6
=324 " " 1800 8.0 132, 3 i 135, 2
"325 w o 1800 8.0 130.1 " 133.0
=326 " d 1800 8.0 131.8 n 134.7
=327 B " 1800 4.0 125.1 by 128.0
-3% L " 1800 400 1%.1 " 12900
=329 " N 1800 4.0 123.1 . 126.0
162=204= 1 ¢ 86 330 10.0 128.6 3e 2 131.8
-2 " " 330 13,0 1%0.6 " 133,8

- 3 " " 330 15.0 131.8 " 135.0
-4 ' " 600 8.0 126.9 " 129.1
-5 o " 600 12.0 128.6 # 131.8
-8 " . 600 14.0 130,6 " 133.8

- 7 4 " 570 10.0 128.2 " 131.4
-8 " o 570 11.0 128.9 " 132.1
-9 " “ 570 13.0 120.1 L 133, 3
=10 " H 1320 10.0 130.1 " 133. 3
-11 . W 1380 10.0 130.2 " 133.4
"12 " " 1440 10.0 131.3 " 134.5
-13 " " 1680 8.0 133.1 . 134,3
=14 * * 1800 8,0 131.7 " 134.9
162=197= 2 D 80 330 2.0 116.3 2ed 117.6
=15 " ¥ 570 4.0 122;1 " 12404
=16 " . 800 4,0 120.3 " 122.6
162=198= 2 D 83 330 4.0 120.9 2e7 123.6
«10 . " 570 4.0 122.1 " 124.8
"11 " " 600 400 1@03 " 12300
=13 " " 660 4.0 117.6 " 119.7
-26 " # 1200 4.0 122.0 N 124.7
-28 W u 1320 4,0 1256.1 " 127.8
-29 " " 1380 4.0 1220 7 H 125. 4
-30 n " 1440 ‘o O 129- 4 " 13201
=31 " " 1800 4,0 127.4 " 130.1
-34 " L 1680 4’.0 136.4 i 129.1
=36 b " 1800 4,0 126.4 N 129.1
=37 " " 300 3.0 100. 56 8 103.2
-38 " " 300 6.0 106.9 " 109.6
-39 " " 00 9.0 110.3 A 113.,0
=40 " u 300 12.0 113.1 . 115.8
=41 . " 300 15.0 115.0 " 117.7



Table 4. (cont.)

H H : : : Ag Read H Temp. : Sonic
$ Equipment @ Temp., ¢ Freq. Volts to : Sonic Intensity ¢ Correction Intensity
Bun : Se tup : oy, : cps ¢ Sonic Driver @ db : db : db

162=198=42 o 83 600 3.0 118.0 2e7 120.7
-43 . " 600 6.0 123.8 # 128.5
44 " 600 9.0 126.9 s 129.6
-45 " 600 12,0 129.1 5 131.8
=46 * R 900 2.0 104.3 “ 107.0
-4'7 " H 900 4.0 110.1 " 112.8
48 " " 900 8.0 112.4 L 115.1
i) " o 900 8.0 115.5 b\ 118, 2
-50 " " 900 1000 11701 " 11 9.8
=51 " " 1200 2.0 116.4 W 119.1
=52 " # 1200 4,0 122.0 . 124, 7
=53 " # 1200 6.0 126.5 N 128.2
-H4 " . 1200 8.0 127.7 " 130.4
=55 " " 1200 2.0 121.4 " 124.1
=56 - & 1800 4,0 127.4 " 130.1
=57 " " 1800 6.0 131.5 " 134,2
-58 " " lmO 8.0 13259 N 1350 6
-59 H " 1800 2:0 120.6 " 123. 3
-60 i H 1800 4.0 126;4 " 129.1
'61 L L 1800 6'0 129;7 " 13204
-62 . . 1800 8.0 13,7 " 124.4
162=200= 2 D 82 330 4.0 121.1 2.6 123, 7
.10 " L 5'70 4.0 132'2 " 12408
=11 " " 600 4.0 121.1 * 122, 7
wld u " 660 4,0 117.9 “ 120.5
=26 L. " 1200 4,0 122.7 5 126.3
=28 “ " 1320 4.0 124.6 " 127.3
=29 f 4 1380 4,0 122.8 " 125.4
=30 " " 1440 4,0 129.1 4 131.7
=31 o ¢ 1800 4,0 126.6 * 129.2
=34 . " 1680 4.0 127.7 " 130.3
=36 L . 1800 4.0 127.6 " 130,.2
-42 " " 600 4,0 120.6 * 123.2
-d 3 " L 660 4.0 117.5 ’ 120.1
=53 " " 1200 4,0 1222 “ 124.8
=55 " " 1320 4.0 126.2 " 127.8
‘56 " " 1380 4’;0 12301 “ 1250 7
=57 " " 1440 4,0 129.7 “ 132,23
=58 " " 1800 4,0 127.0 . 129.6
"61 H H 1680 4.0 12701 " 129. 7
=53 " " 1800 4,0 127.0 . 128.6
162=205=17 D 84 330 10.4 128.6 2.9 131. 58
=18 " b 330 13.7 130.6 " 133, 8
=19 “ " 330 16.4 131.8 " 134.7
"m H " 600 7: 45 12509 " 12808



Table 4. (roncl.)

: H : : 5 Ag Resd H Tenp., : Sonic

: Equipmwent H Temp . H j‘req. H Volts to : Jonle Intensity ¢ Correction : Intensity

Bun $ Setup : or, $ Cps : Sonic Driver db : db : db

162=2056=21 B 84 8Q0 10.8 128.6 e 9 131.5
“2(4 " " 600 14.4 130.6 " 133.5
"23 L " 570 907 12892 " 131.1
"24 " N 570 1006 12809 H 13108
=25 " " S0 12,15 13C.1 L 1370
26 " " 1320 7. 75 130.1 # 13340
-27 n H 1380 10,0 126.9 H 13ca8
-28 n u 1440 5.2 131.3 " 134,2
-9 " H 1680 8.0 132.0 R 134,9
-30 " i 1800 Te 65 131.7 “ 124.6
31 " " 1440 10.0 136.7 # 137.6
=32 " . 1500 10.0 134.4 H 1237.3

71



Table 5. Smoke observations for equipment setup A.
: i : Air Flow
: Frequency : Volts to ¢ Manometer P
Bun ¢ cps : Sonic Driver : Incheg of Water
1 - 0 0.78
2 600 4 0.81
3 600 8 0.81
4 600 12 -
5 600 16 0.80
6 Approx. 610 8 -
7 spprox. 610 12 -
8 660 4 -
9 660 12 -
10 660 16 -
3 1200 2 -
12 1200 4 -
13 1200 6 -
14 1200 8 0.81
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Table 5 (Cent,)

Sonic pulses

RUN 1 i
JYi_
Air
-« No turbulence detected,
T flow
I
_—_
RUN 2 uoinc pulses
ATl Some turbulence (not very
£ violent) but it generally did
{[ 5 py not appear to impinge upon
S =L the evaporative surface to
flow any great extent,
|
Sonic pulses
RUN 3 ¢
| V]
$S % .
f@:SS Considerable turbulence
e Air usually covering most of

flow the evaporative surface.
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Table 5 (Cont.)

Sonic pulses
RUNS 4 & 5 [ P
AR}

S35 Strong turbulence over all of
SSSSS A the evaporative surface and
S:fi' 9  <iT even unstream of it, Turbulence
flow strongor than in Run 3 but

could not detect any difference
between Runs 4 and 5,

RUNS 6 & 7

Similar to Runs 3 and L, respectively.

RUNS &, 9, & 10

Similar to Runs 2, 4, and 5, respectively.

RUN 11

Essentially no turbulence,

Sonic pulses
RUNS 12, 13

& 14 _l'tL
fj);S

Air Slight turbulence but it

‘—;E‘ did not impinge upon the
ow evaporative surface,




Tsble 5. (conel.)

Hotes:

In the sbove runs the streaming was somewhat similar in
sppearance to a turbulent jet of air blowing downward from the
sonic driver. This was especislly true as the stresming became
more intensge.

At a constant value of 8 volts to the sonic driver, and
starting at 2000 cps, no streaming was observed until the fre-
quency was less than 1000 cps. A careful check was made for
stresming at 1140 cps and none was observed. Freguency generally
had to be less than 700 cps for pronounced streaming to sppear.

The descriptions of the stresming follow fairly closely the
original observations. This was purposely done in this manner and
hag resulted in the use of the term turbulence. Turbulence was
initislly used to describe the streaming when it wes believed that
the stresming was a wind current generated by the diaphrsem of the
gsonic driver. A4s the streaming became more intense, the flow
variations were more rapid and sppeared to have ranidom components

resulting in the stresming being cslled turbulence.




Tsble 6. Smoke observations for equipment setup B.

: : : Air Flow
: Frequency @ Volts to : Manometer P
Run ¢ cps $ Sonic Driver ¢ Inches of Water
% - 0 0.80
2 600 5.5 -
3 600 11.4 -
4 600 17.55 0.81
5 660 3,25 -
6 660 8.96 -
7 660 - 11.15 -
8 1200 2.6 -
9 1200 5.4 0.82
10 1200 8.5 -
Notes:

No stresming was obgserved in the main tunnel or in the
lower portion of the vertical tunnel. The upper position of the
main tunnel had a region of relatively stagnant smoke. This
region extended spproximstely halfwsy to the evaporative surface.
Smoke injection into the upper portion of the vertical tunnel

indicated stresming was present immedistely below the sonic driver.




Teble 7. Smoke observations for equipment setups C and D.
—
: : Conditions Uged : Compared To :
: : : : : Volts for :
Comparigon 3 Freq. H Equipment @ Volts to : Equipment Same Sonic ¢ Smoke Observations For Conditiong Used
Number 3 cpe : 3etup $ Sonic Driver @ Setup : Intensity : Algo See Notes

1 330 C 10.0 D 11.3 Very strong turbulence extends down about
to eveporative surface position,

| 330 ¢ 14.3 D 16.3 Same as at 10.0 volts but now turbulence
extends t0 bottom of main tunnel,

1l 330 D 11.7 ¢ 10.3 Intermittent turbulence fairly often ex-
tending to and past evaporative gurface
position, Below the turbulence there
was streng swirling up and to the side.

1l 330 D 12.8 c 11.3 Some 28 at 11.7 volts but stronger and
more like turbulence all the way to the

1l 330 D 16.0 ¢ 14.1 bottom of the main tunnel,

2 570 v 11.2 D 11.3 Swirling moving down past evsporative
gurf ace position but only part of the time.

2 570 C 14,0 D 14.4 Similer to 11.2 wlts dut movement is
stronger,

2 570 D 12.1 C 11.9 No movement st evaporative head position.

3 600 C 8,75 D 5¢9=9.0 Ugually strong upwerd moving swirleg in
evaporative surfece position.

3 600 ¢ 14,0 D 9,5=14.6 Strong turbulence down past eveporative
surf ace position.

3 600 D 6.6 ¢ 6e5=5.8 Turbulense not down to eveporative surfeace
position. Movement to side and up at
evaporstive surface position.

3 600 D 9.8 ¢ Turbulept like movement at evaporative

9.6=14.8 surface position but not gemerally of

3 600 D 10.2 ¢ the type moving down.
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Teble 7. (concl,)

H : Conditiong Uged : Compered To H
: s : : : Volts for H
Comperison Frege. : Equipment 3 Volts to : Equipment ¢ Seme Sonic Smoke Obeervations For Conditions Used
Number : Cps : Setup : Sonic Driver Setup : Intensity : Algo See Notes

4 1380 C 10.0 D 11,1 Turbulence rather frequently down to and

past eveporstive surface position.

4 1380 D 10,0 ¢ 9.2 Ho movement at evaporative surface

position,

5 1440 ¢ 10.0 D 5.9 Similar to 1380 cps amd 10 volts but

weaker,

5 1440 D 10.0 ¢ 17.3 No movement at eveporative head position,

6 1320 ¢ 10.0 D 8.3 Similar to 1380 cps end 10 volts but

weaker,

6 1320 D 10.0 c 11.9 No movement at evsporative surface position,
Data not 15600 D 10.0 - = Little if sny movement at evaporative
teken for surface position.
comparison

1680 C 8.0 - = Little. to no movement at evaporstive
surface position.
1800 C 8.0 - - No movement at evaporative surface pogition.
Notes:

The streasming was observed to occur most reaiily at the top of the vertical tunnel just below the soniec driver and at the base of the vertical
tunpel. At the latter position it overlapped into both the main tunnel amd the lower portion of the vertical tunnel. By using certain operating
conditions it was sometimes possible to produce sgitation of sgmoke almost throughout the verticsl tunnel.

No air flow was used in the sbove work.

The motion of the disturbances noted in the smoke observations was generslly directed downwsrd unless specified otherwise.

The descriptions of the stresming follew fairly closely the originel cbservations made. This was purposely done in this msnner. This has
resulted in the use of the term turbulence which was initially used when the stresming was thought to be 2 wind current generated by the movement

of the disphragm of the sonie driver.
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Table 8. Rates of evaporction for equipment setups N, A, and B, Sonic driver or=3.

: : Alr Flow H : : : H donic ¢ : : :
! bBquipment ¢ Manometer P Mr Flow : Temps ¢ Freq. ¢ Volte to ¢ Intensity ¢ Time : Sections on ¢! Lvaporation Hate ¢

Bun $ _ Setup : Inches of Water : 1b/ft® x sec. : °F. : cps : Somic Driver : db ¢ min. ¢ Cepillery Tube :  10° » wl/min. ¢ i/Ro
E6l=166= 1 N 2843 0.1084 - - 0 - 4,94 O=3 702 -
-2 " 4.78 0.0432 - - 0 - 8.89 1=5 520 -

-3 ' Q.88 0.0163 - - 0 - 11.63 0=3 298 -
E61l=170= 1 N 273 0.1064 20,8 - 0 - E.08 Q=3 584 -
-2 " 235 0.0988 80.8 - 0 - 3.49 Q=2 677 -

-3 " 19.4 0.0896 80.8 - 0 - 1,77 O=1 842 -

-4 # 14.9 0.0788 80.8 - 0 = 1.96 O=1 594 =

-5 “ 11.8 0.0700 80.7 - 0 - 1.96 0=1 593 -

-6 " 11.8 0.,0700 80,7 - 0 - 1.87 =3 590 =

-7 # 7. 73 0.0564 80.6 - 0 - 2.13 0=1 544 -

-8 " 7.73 0.0564 - - 0 - 2.18 l-2 553 -

-9 7.73 0.0664 80.5 - 0 - 2,00 2=3 550 -

=10 " 4,99 0.0444 80.3 - 0 - 2:27 0=1 509 -

-11 " 4,99 0.0444 50.2 - 0 - 2,38 l-2 507 -

-12 " 3.13 0.0356 80.1 - 0 - 2e46 O=1 470 -

=13 " 1.80 0.0252 79.9 = 0 - 2.70 O=1 428 -

-l4 “ 1,03 0.0180 737 - 0 - 234 0=1 394 -

=15 " 0.38 0.0094 78.9 - 0 - 7. 32 O=2 323 -

=16 s 0.38 0.0094 78.8 - 0 - 3.61 =4 326 -
561=171= 1 N 28.8 0,1092 7667 - 0 - 1.81 O=1 639 -
-2 " 28.8 0.1092 76.8 = 0] - 3.64 1=2 634 -

-3 " 23.8 0.1092 76.9 - 0 - 1.86 Bt 632 -

-4 1 12.4 0.0716 76,9 - 0 - 2,13 0=1 544 =

-5 " 12.4 0.0716 76+ 9 - 0 - 4,286 1=3 543 -

-6 " 12.4 0.0716 7649 - 0 - 2186 Bt 543 =

- 7 N 3004 000340 76.5 - O - 6070 0‘1 430 -

- 8 i 3.01 0.0340 763 - 0 - 5. 38 1-3 429 -

-9 ¥ 3.04 0.0340 76,3 - 0 - 272 Bt 432 =

=10 N 29.0 061100 136.6 = 0 - 2.19 0=5 ~ 640 -

-11 " 29.0 0.1100 136.4 - 0 - 1.74 5=0 2,640 -

-12 N 12.3 00,0708 127.0 = 0 - 2,07 Q=4 2 5 240 -

-13 . 12.3 0.0708 126.7 - 0] - 2, 59 4=ty 74210 -

=14 B 12.3 0,0708 126.2 = 0 - 2,12 Q=4 2,190 -

-l5 N 3.04 0.0340 112.0 - 0 - 2,05 Q=3 1,693 -

=16 " 3,04 0.0340 111.0 = 0 - 2,12 3=6 1,626 -
E6l=]l78- 1 N 14.1 0.0764 80.4 - 0 = 1,89 Q=1 612 -
-2 " 14.1 0.0764 80.4 - 0 - 1.90 1-2 633 -



Tsble 8., (cont.)
: : AMr Flow : ¢ ¢ ¢ ¢ Sonic ¢ : : :
¢ Louipment ¢ Menoumeter P o3 Alr Flow ¢ Temp., ¢ Freq. 3 Volts to ¢ Intensity ¢ Time ¢ Sections on ¢ JHdvaporation Rate

Run :  Setup : Inches of Water : 1b/ft< x gece 3 CF, ¢ cps ¢ Somic Driver db i min, ¢ Cepillary Tube ¢ 105 x ml/min. : R/Ro
-2 " 15.0 0.0788 85.8 - 0 - 1.63 =3 678 -
E6l=201= 1 A 25,4 0.1022 82.0 - 0 - 1.68 1=2 718 -
- 4 A 25.4 0.1022 82.0 - 0 - 1.94 1=2 622 -
-5 U 26.5 0.1024 82.0 - 0 - 1.90 3=d 619 -

- 7 A 6.4 0.1022 82.1 - 0 - 1.97 1=2 612 -
«10 A 25.1 0.1016 B82.4 - 0 - 1.91 O=1 606 -

11 " 25.1 0.1016 82.3 - 0 - 1,83 2=3 604 -
-12 A 0.79 0.0163 8l.8 - 0 - 5,66 0=2 417 -
-15 " - - - - 0 - 267 45 425 =
=16 " 0.79 0.0153 8l.8 - 0 - 2,65 5=6 426 -
E6]1=202=- 1 A 0,79 0.0153 8l.7 - 0 - 2. 83 0=1 409 -
-2 " 0.80 0.0164 81.7 - 0 - 2093 1w2 410 -
-5 " 0.80 0.0154 8l.8 600 4 112 2.94 1-2 410 1.00
-6 " - - - - 0 - 2. 69 =3 410 1.00
-7 " 0.80 0.0164 8l.8 600 4 112 2.87 Bmd 409 0.99
8 4 - - - 800 & 112 2. 76 4-5 410 1.00
-9 " 0.80 0.0154 81.8 - 0 - 2.75 5=6 411 1.00
«10 A 0.80 0.0154 82,0 - o - 2.84 0=1 408 1.02
-11 " 0.80 0.0154 82.0 600 8 117 2.40 1-3 968 2.40

-13 " 0.80 0.0154 82.1 600 8 117 2.40 4=6 945 2.37
14 " 0.80 0.0154 82.1 - 0 - 2.94 6=7 395 0.99
15 " - - - 600 8 117 1.26 T=8 927 2.32

=16 " 080 0.0164 82.2 600 8 117 1.18 B=0 958 2.40
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Table 8. (cont.)
H H Alr Flow : H : H H Sonic : H H H
¢ Equipment ¢ ianometer P o3 Alr Flow ¢ Temp. : Freq. ¢ Volts to ¢ Intensgity : Time : Sections on ¢ lkvaporation Rate

Run i Setup : Inches of Weter : 1b/f%2 x sec. : OF. ; ops & Sonic Driver db ¢ min, : Cepillery Tube : 10° x ml/min, : _R/Ro
£61=202=17 A 0.80 0.0154 82.2 - 0 - 3,056 O0=1 380 1.00
=18 " - - - 600 12 120 0.96 1=2 1,254 3.31
=19 . - - - 600 12 120 0.87 3=3 1,271 3.35
=20 N 0.80 0.0154 82.2 - 0 = 3.12 Zed 377 1.00
=21 * - - - 600 12 120 0.91 4-5 1,242 3.28
-22 " 0.80 0.0154 82.2 - 0 = 2.98 =6 2378 1.00
-23 A 0.80 0.0154 82.2 - 0 - 2. 96 O=1 391 1.02
-24 . - - - 600 16 122 0.83 1=2 1,456 3.78
-25 " = - - - 0 - 2. 80 =3 393 1.02
-26 " - - - 600 16 122 0.84 3=4 1,406 3.65
=27 " - - - 600 16 122 0.78 4=5 1,461 3. 80
-28 . - - - 600 16 122 0.79 =6 1,426 3.70
=29 " 0.80 0.0164 82.3 = 0 - 3.13 =7 372 0.97
=30 A 0.80 0.0154 8l.4 - 0 = 2.92 0=l 397 1.02
=31 5 - - - 810 8 Unknown 1.32 1=2 914 2,35
=32 » 0.80 0.0154 81l.5 - 0 - 2,81 2=3 393 1.01
=33 " = = - 610 8 Unknown 1.32 Gt 887 2. 28
-34 " - - - 610 8 Unknown 1.26 45 901 2.32
=35 " 0.80 0.0154 8l.5 - 0 - 2. 99 H=B 377 0.97
=36 A 0.80 0.0154 81.5 - 0 - 3,00 0=1 385 1.02
=37 " - - - 610 12 Unknown 1.01 1~2 1,187 3.16
-38 . 0.80 0.0154 8l.6 - 0 = 2.88 2=3 384 1.02
-39 " - - - 610 12 Unknown 1,01 3t 1,165 3.10
-40 " - - - 610 12 Unkmown 0.96 45 1,183 3.15
-41 " 0.80 0.0154 8l.6 - 0 - 3.15 B 359 0.96
42 A 0.80 0.0154 81.7 - 0 - 3. 80 Q=1 3 0.98
-43 " - - - 660 4 121 3.17 1-2 379 0.99
-bd “ 0.80 0.0154 81.7 - 0 - 2. 88 2=3 384 1.00
-45 * - - - 660 4 121 3.05 3=d 386 1.01
-46 “ 0.80 0.0154 8l.7 660 A 121 2.94 4=5 286 1.01
-47 n - - - - 0 - 2.90 5=6 388 1.01
=43 A 0.80 0.01564 8l.7 - 0 - 2.99 0=1 387 1.01
-49 " - - - 660 12 129 1.08 1-2 1,109 2.89
-50 " 0.80 000154 81.7 - 0 - 2.87 3"3 385 1-00
=51 " - - - 660 12 129 1.09 Bt 1,076 2,80
=52 " - - - 660 12 129 1.04 4=5 1,088 2083
=53 " 0.80 0.0154 8l.6 - 0 - 2. 97 G 380 0.99
=54 A - - - 660 16 131 0.88 0=1 1,314 3.55
-55 " - = - 660 16 131 0.94 l-2 1,282 3.46
=57 " - - - - 0 - 3.21 Bmd 366 0,99
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Table 8. (cont.)

: : Ar Flow : : : : : Sonic : : : :
¢ Equipment ¢ iManometer ) Air Flow ¢ Temp. ¢ Freq. 3 Volts to ¢ Intensity ¢ Time ¢ Sections on ¢ Evaporation Rate

Run i Setup ¢ Inches of Water ¢ 1b/ £4° x sec, : OF. : cps ¢ Sonic Driver ¢ db ¢ min, ¢ Capillary fube : 10° x ml/min. ¢ R/Ro
E61-202-58 A - - - - 0 - 2.94 0-1 394 1.00
=59 " 0.80 0.0154 8l.2 1200 2 121 2.97 O=1 390 0.99
=60 A - - - 1200 4 127 2.96 0=1 391 1.00
-61 " 0.80 0.0154 8l.3 - 0 - 3.08 1=2 390 1.00
-83 " 0.80 0.0154 8l.4 1200 4 127 3.04 3=4 287 0,99
-64 " - - - 1200 % 127 2,92 4-5 388 0.99
=65 A 0.80 0.0154 8l1.5 1200 6 129 3.00 0=1 387 1.01
-66 " - - - 1200 6 129 3.12 1=2 388 1.01
-67 " 0.80 0.0154 8l.6 - 0 - 2.88 =3 383 1.00
=69 A - - - 1200 8 132 3.13 0=1 an 0.97
-7 " 0.80 0.0154 8l.6 1200 8 132 3.24 1-2 an 0.97
-7 . - - - - 0 - 2.84 2=3 381 1.00
-72 . - - - = 0 - 3.06 Bt 383 1,00
E6l=209- 1 B 0.80 0.0154 82.7 - 0 - 3.18 0=1 384 -
-2 " - - - - 0 - 3.31 1-2 363 -
-3 " 0.80 0.0154 82.7 = 0 - 3.03 2=3 364 -
-4 " - - - - 0 - 3.20 et 367 -
-5 “ 0.80 0.0154 82.6 - 0 - 3.08 4=5 368 -
-6 " - - = - 0 - 3.06 56 369 -
-7 " 0.80 0.0154 82.6 - 0 - 3,16 6=7 369 -
- 8 " 0.81 0.0156 82.6 - 0 - 3.15 7=8 368 -
-9 . - - = - 0 - 3.08 8=9 368 -
=10 B 0.81 0.0156 82.6 - 0 - 3.18 O=1 364 1.00
-11 " - - - 600 5.5 112 3.31 1=2 364 1.00
=12 " - - - 600 5.5 112 3.02 2=3 365 1.00
=13 " 0.80 0.0154 82.6 600 5.5 118 3.21 3-4 366 1.01
-14 " - - - - 0 - 3.12 4-5 364 1.00
=16 4 - - - 600 11.4 117 3.31 1-2 364 0.99
-18 " 0.80 0.0154 82.6 600 11.4 117 3.20 3-=4 367 1.00
-19 " - - - - 0 = 3.11 4-5 365 1.00
-2 B 0.80 0.0154 82.6 - 0 - 3.15 0-1 368 1,01
-22 " 0.80 0.0154 82.6 600 17.55 120 3.04 2=3 363 0.99
=23 " - - - 600 17.56 120 3.21 3=-4 366 1.00
-24 " 0.81 0.0156 82.6 - 0 - 3.11 4-5 365 1.00
"25 " - - - - o - 3.08 5"6 366 1.00
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Table 8, (concl.)

: : Alr Flow $ : H : : Sonic : : : :
¢ kquipment : Manometer ) S Alr Flow ¢ Temp. ¢ Freg. : Volts to ¢ Intensity : Time ¢ Sectlons on : Evagorauon Rate :
Run i _Setup ¢ Inches of Wster : 1b/ft2 x ges. ¢ OF, 3 cpe : Sonmic Driver db : min, § Cspillary Tube : 10° x ml/min, :
£6L=209=26 B 0.80 0.0154 82.7 - 0 - 3.14 0=1 369
-27 " - - - 660 3.26 121 3,31 1-2 363
-28 “ - - - 660 3.25 121 3.02 2-3 365
-29 " 0.81 0.0156 82.7 660 3. 25 121 3.20 3=4 367
=30 o - - - - 0 - 3.10 45 366
=31 B 0.81 0.0156 82,7 - 0 - 3.13 0-1 30 1.01
=32 . - - - 660 8.95 129 3429 1=-2 365 0.99
=33 " 0.80 0.0154 82,7 660 8,95 129 3.00 2=3 367 1.00
-34 N 0.80 0.0154 82.7 660 8.95 129 3.20 3=4 367 1.00
—35 ¥ - - - - O - 3.10 4-5 366 Oo 99
=36 B 0.80 0.0154 82,7 - C - 3.07 0=-1 377 1.00
=37 " - - - - 0 - 3. 21 1-2 374 0.99
-38 . 0.81 0.0156 82.7 660 11.15 131 2.93 2=3 376 1.00
-39 " 0.81 0.0156 - 660 11.156 121 3.11 3=4 377 1.00
-40 o - - - 660 11.18 131 3,02 4=5 378 1,00
=41 B 0.80 0.0154 82.8 - 0 - 3.086 0=l 379 1.00
-42 " - - - 1200 246 121 3421 1-2 375 0.99
-43 " 0.80 0.,0154 82.8 1200 2e 6 121 2.94 2=3 376 0.99
’44 " - - - - 0 - 3011 3—4 378 1.00
-46 . - - - 1200 5.4 127 3.23 1-2 372 0.99
-47 " 0.80 0.0154 82.8 1200 5.4 127 2. 95 2=3 373 1,00
-48 " - - - - 0 - 3.13 Bt 375 1.00
-49 B 0.80 0.0154 82.8 - ¢ - 3410 0-1 374
-50 " - - - 1200 8.5 129 3,33 1-2 361
=51 " 0.80 0.0154 82.8 1200 8.5 129 2.06 2=3 361
-52 " - - - 1200 8.5 129 3e 24 3=4 362
=53 . 0.80 0.,0154 82.9 - 0 - 3.03 4=5 374
=54 " - - - - o - 3.05 5=6 37
-55 o - - - - 0 - 3.14 6=7 370
-56 . 0.80 0.0154 82.9 1200 8.5 129 2.18 7=8 365
=57 " - - - 1200 8.5 129 3.08 8=9 368




Teble 9. Rates of evaporstion for equipment setups C and D. Sonic driver SP-15,
: : Alr Flow : : : : : Sonic : : : :
¢ “quipment ¢ Manometer P ¢ Alr Flow ¢ Temp. : Freq. Volts to ¢ Intensity : Time : Sections on ¢ LHvaporstion Rote

Run :____Setup : Inches of Water : 1b/ft° x gec. ¢ OF. : cps _: Sonic Driver : db ¢ min. : Capillery Tube ¢ 10° x ml/min, : _R/Ro
£62=203= 1 C 0.80 0.0154 84.5 - 0 - 2.68 O=1 449 1.01
-2 . - - - - 0] - 2,75 1-2 438 0.99
-3 " - - - - 0 - 2.48 2=3 446 1.01
-4 u - - - 1380 10 133.4 2.64 Bl 444 1.00
-5 " - - - 1380 10 133.4 2.58 4-5 441 1.00
- 6 " - - - - 0 .- 2e 66 5"6 441 1000
-7 . 0.80 0.0154 85.1 - 0 - 2,68 B=7 435 0.98
-8 c 0.54 0.0119 84,7 - 0 - 2.88 0=1 403 1.00
-9 ’ - - - 1380 10 133.4 2,97 1-2 405 1.01
=10 " - - - - 0 - 2. 76 2=3 400 1.00
-11 " - - - 1330 10 133.4 2.85 3=l 412 1.03
-12 ' - - - - 0 - 2.81 4-5 404 1.01
-13 » - - - 1380 10 133.4 2 72 5-6 415 1.03
-14 " - - - - 0 - 2,90 6=7 401 1.00
=15 " 0.53 0.0118 84.9 1380 10 133.4 2.88 7-=8 409 1.02
£62=-204- 1 C 0.31 0.0082 82.3 - 0 - 3.54 0-1 327 1.01
-2 " - - - - 0 - 3. 75 1-2 321 0.99
-3 » - - - - 0 - 3.42 2=3 323 1.00
-4 ¢ C.31 0.0082 82.7 - 0 - 3.62 O=1 320 0.99
-5 . - - - 570 13 133.3 3.52 1-2 342 1.06
-6 . - - - - 0 - 3.42 =3 322 1.00
-7 . - - - 570 11 132.0 3.27 3=4 359 1.11
-8 . 0.31 0.,0082 82.9 - 0 - 3.52 4-5 322 1.00
-9 " - - - 570 1l 132.0 3.10 5=6 364 1.13
=10 " - - - - 0 = 3. 60 6=7 323 1.00
=11 . - - - 570 10 131.3 3. 34 7=8 348 1.08
=12 . 0.32 0.0084 83.0 570 10 131.3 3.15 8=9 360 1.12
=13 C 0.32 0,0084 83.0 - 0 - 3.48 0=-1 334 1.01
=14 . - - - 1320 10 133.3 3.562 1-2 343 1.04
=15 g - - - - 0 - 3. 38 2=3 327 0.99
-16 n - - - 1320 10 133.3 3.41 Bl 344 1,04
-17 " 0.32 0.0084 - - 0 - 3,46 4-5 329 1.00
-18 " - - - 1320 10 133.3 3. 24 5=6 347 1,08
=19 * 0.32 0.0084 83.2 - 0 - 3,565 6=7 328 0.729
=20 . - e - 1320 10 133,3 3,31 7-8 380 1.06
=21 5 0.32 0.0084 83.3 1320 10 133.3 3,27 8w=9 347 1,05

34



Table 9. (cont.)
: : Alr Flow : : : : : Sonic : : : :
¢ Equipment : Menometer P ¢ AMr Flow ¢ Temp. : Freq. @ Volte to H Intensity ¢ Time Sections on ¢ LKvaporstion Rate ¢

Run : _Setup : Inches of Water : 1b/ft° x sec. 3 OF. : cps : Sonic Driver dbp ¢ _min, : Cepillery Tube : 10° x ml/min. ¢ R/Ro
E62=204=22 c 0.32 0.0084 83.5 - 0 - 3. 58 0=1 323 1.00
-23 . - - - 1380 10 133.4 3.27 1=2 368 1.14
-24 " - - - - 0 - 3.42 2=3 323 1.00
-26 N - - - 1380 10 133.4 3.15 ] 373 1.16
-26 " - - - 1380 10 133.4 2.97 4=5 382 1.18
=27 " - - - 1380 10 133.4 3.07 5=6 367 1.14
-28 " - - - 1380 10 133.4 3,14 6="7 370 1.15
-29 " - - 83.6 - 0 - 3.59 7=8 323 1.00
=30 " 0.32 0.0084 - 1380 10 133.4 3.10 8=2 366 1.13
=31 c 0.32 0.0084 33.8 - 0 - 3. 59 O=1 323 0.99
=32 " - - - 1440 10 134.5 3,22 l=2 374 1,15
"33 " - - - - O - 3. 83 2‘3 326 1.00
-34 " - - - 1440 10 134.5 3,02 3=4 389 1.20
-35 " - - - 1440 10 134, 5 3.00 4-5 378 1.16
=36 " 0.32 0.0084 83.9 1440 9 133.8 3.12 5=6 362 1:11
=37 " - - - 1440 9 133.8 3. 26 6=7 356 1,10
-38 . - - = 1440 9 133.8 3.2 7=8 361 1.11
-39 " 0,32 0.0084 83,7 - 0 - 3.47 8=9 327 1.01
-40 ¢ 0.32 0.0084 83.6 - 0 - 3.58 O=1 324 1.00
-41 * - - - 1680 8 134,2 3.74 1-2 321 0.99
-43 " Q.32 0.0084 83.5 - 0 - 3.61 S 326 1.01
—-44 M - - - 1680 8 124, 2 3.55 4=5 320 0.99
-45 . - - - 1680 8 134.2 3. 51 5=6 A 0.99
-46 1 - - = 1680 8 134.2 3. 66 6=7 317 0.98
-4 7 " 0.32 0.0084 83.5 - 0 = 3. 60 =8 322 1.00
-48 A 0.32 0.,0084 - - 0 - 3. 62 8=9 322 1.00
=49 C 0.32 0.0084 83.5 - 0 - 3. 58 O=1 324 1.01
=50 " - - - 1800 8 134,9=137.2 3480 1-2 37 0.99
=51 " - - - 1800 8 134,9=137.2 3.47 2=3 309 0.96
=52 " 0.32 0.00 83.5 1800 8 134,9=137.2 3. 69 3-4 320 1.00
=53 " - - - 1800 8 134,9=137,2 3.57 4=5 218 0.99
-54 N - - - 1800 8 134, 9=137,2 3. 54 5=6 318 0,99
-55 n - - 83.4 - 0 - 3.66 6=7 318 0.99
-56 o 0.32 0.0084 - - 0 - 3.62 7=8 321 1,00
=57 # - - - - 0 - 3. 65 8=9 320 1.00
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Tsble 9. (cont.)
: $ Air Flow H : $ : : Soniec : : : 3
¢ Egquipment : Manometer F ¢ Ar Flow ¢ Temp. ¢ TFreq. Yolts to ¢ Intensity ¢ Time : Sections em : I-}ugoration Rate

Run s Setup : Inches of Water 3 1b/ft° x geec. : ©F, : cpg ¢ Sonie Driver : ab ¢ _min, ¢ Cgpillery Tube :  10° x wlfmin, : _R/Re
56 2=204=-58 ¢ 0.32 0.0084 82.2 - 0 - 3,75 O=1 309 1.05
-59 " - - - 320 10 131.8 133 1-2 907 4,08
=60 " - - - 330 10 131.8 1.22 z=3 907 .08
-61 " - - - 330 13 133.8 1.40 =4 839 2.94
-62 . - - - 330 13 133.8 1.39 4-5 817 2,77
-63 " - - - 30 18 135.0 1.86 5-6 606 2.06
-64 i - - - 330 15 135.0 1,91 =7 610 2.07
-65 . Q.32 0.0084 82.5 - 0 - 4.07 7-8 285 0.97
-86 " 0.32 0.0084 82.7 - 0 - 3.89 8-9 292 0.99
-G8 " - - - 800 8 125. 5"128.9 3.05 1-2 3“ 1031
-89 " - - - 600 8 126, 6=128.9 Z.73 =3 404 1,36
-7 " - - 83.1 600 12 128,9-132.2 20 3=4 534 1.78
=71 " - - - 600 12 128,9=132. 2 2.19 4-5 518 1.73
-74 Y 0.32 0.0084 83.5 - 0 - Z.88 7-8 299 1.00
-75 " - - - - = .75 8-9 303 1,01
-76 ¢ 0.54 0.0119 83.0 - 0 - 3.10 0=-1 374 1.02
=77 " - - - 1800 8 134,9=137.2 2.5 1=2 368 1.00
-78 " 0.54 0.0119 - 1800 8 134,9-137.2 2.06 =3 361 0.99
-73 " - - - 1800 8 134,9-137. 2 325 Smd 361 0.99
-80 " - - - - 0 - .13 4-5 362 0.99
-81 " - - - - 0 - 2.10 S=6 362 0.99
-82 " - - - - 0 - 3. 30 6=7 363 0.99
-83 " - - - 1800 8 134,9-137.2 3.28 7-8 3564 0.97
-84 " - - - 1800 8 134,9=137.2 3.15 8=9 360 0.99
-85 ¢ 0.54 0.0119 83.5 - 0 - 3.18 O-1 368 1.00
-86 " - - - - 0 - 3.31 1-2 364 0.99
-87 . - - - 1440 10 134.5 2. 80 =3 396 1.07
-88 " - - - 1440 10 134.5 2.95 Sl 398 1.08
-89 » O.54 0.0119 83.5 - 0 - 6.08 4-6 373 1.01
=90 " - - - 1440 10 134,56 2.95 S=7 394 1.07
-91 . - - - 1440 10 134.5 2. 87 7-8 404 1,10
-92 . 0.54 0.0119 83.5 1440 10 134.5 2.82 8=-9 402 1.09
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Table 9. (cont.)

: : Alr Flow : : : : H Sonic ¢ ¢ : ¢
¢ kguipment ¢ Manometer P 3 Ar Flow ¢ Temp, : JFreq. Volts to ¢ Intemsity ¢ Time 3  Sections on : Evagoration Hate @

Bun s Setup $ lInches of Water ¢ Ly]ftg_;_ggg, ¢ et CPe ¢ Sonic Driver 3 ab ; min. ¢ Gepillary Tube ¢ 10° x ml/min, ;. }/Re
K62=204=93 ¢ 0.93 0.0169 83.1 1800 8 134,9-137.2 2.7 0=-1 4156 1,01
-94 " 0.93 0.0169 - 1800 8 134,9=137.2 2.93 1-2 412 1.00
=35 " - - 83,1 1800 8 134,9-137.2 2. 67 2=3 414 1.01
=96 " 0.93 0.0169 - - 0 - 2.84 =4 413 1.00
=937 " - - - - 0 - 2.7 4 412 1.00
-39 ¥ - - 83,1 1440 10 134.5 2480 6=7 417 1.01
=100 " - - - 1440 10 134.5 2.74 78 424 1.03
=101 " 0.94 0.0170 83.1 - 0 - .76 3-9 412 1.00
=102 ¢ 0.93 0.0169 83.2 330 10 131.8 1.25 0=1 924 2.38
=105 " 0.92 0.0168 83.2 330 10 131.8 1.3 1=2 902 2.32
=104 " 0.92 0.0168 - 330 15 135.0 1l.68 =3 657 1.70
=106 o 0.92 0.0168 - 330 15 136.0 1.60 Bt 733 1.89
=107 " 093 0.0169 - 600 125, B=128.9 2453 B=6 448 1.15
=108 * 0.93 0.0169 8343 600 125.5=128.9 2.69 67 449 1.16
=109 " - - - 600 130:1=133. 5 1.76 7=8 659 1.70
=110 " 0.99 0.0169 - 600 130.1-133.5 1.71 8=0 664 1.71
862=205= 1 D - - 82,5 - o] - 3, 40 O=1 341 1.01
-2 " - - 82.6 - 0 - 3.57 1=2 337 0.99
-3 " 0.32 0.0064 - 1440 8 136.4 3.08 =3 3869 1.06
-4 n - - - 1440 8 136.4 3. 26 b 361 1.06
-5 " - - - 1440 8 136.4 3.15 4=5 361 1.06
-6 s - - - - 0 - 3.721 5=6 340 1.00
-7 v - - - 1380 10 132.6 3.39 67 343 1.01
-8 a 0.33 0.0086 827 1380 10 132.6 3. 34 7=8 347 1.02
-9 " 033 0.0086 - 1380 10 132.6 3.29 8=9 3456 1.02
£62=~206= 1 D 0.31 0.0082 82.3 - 0 - 3. 59 0=1 323 0.99
-2 » - - - 330 10 130.8 3. 59 1=2 335 1,03
-3 " 0.31 0.00862 82.4 330 10 130.8 3.17 =3 348 1.07
-4 " = - - - 0 - 3. 60 =4 326 1.00
-5 " - - - 330 13 132.8 2.99 4-5 379 1.17

- 6 " 0.31 0.0082 82,7 330 13 132.8 2.91 5=6 388 1.19

- 8 5 - - - 330 16 134.5 2. 75 7=3 422 1.30
-9 " 031 0.0062 82.9 320 18 134.5 2. 60 8=9 437 1,34



Taeble 9. (cont.)
— —
H H Alr Flow H H H H H Sonic H H H H
¢ Equipment ¢ Manometer 14 : Air Flow ¢ Temp. ¢ Freqe ¢ Volts to B Inteneity $ Time Sections on $ LEvsporation Hate ¢

Run :  Setup ¢ Inches of water ¢ 1b/ft° x sec. & ©OF, : cps & Sonic Driver db $ min., ¢ Capillary Tube ¢ 10° x ml/min. : R/Ro
E62=206=10 D 0.32 0.0084 83,0 570 9 130.4 3.62 O=1 329 0. 98
-11 W - - - 570 9 130.4 3.69 1=2 326 0.97
=12 b 0.32 0.0084 83.0 - 0 - 3. 30 2=d 334 1.00
=13 L - - - 570 12 132.6 3,52 Sl 333 0.99
=14 " - - - 570 12 132.6 3,40 4=F 333 0.99
=15 " 0.32 0.0084 83.0 - 0 . 6.81 He? 336 1.00
=16 " - - - 570 14 133.8 3. 60 7=8 322 0.96
-17 " 0.32 0.0084 83.0 570 14 133.8 3.38 8=9 336 1.00
=18 D 0.32 0.0084 82.6 600 & 125.0 3.62 O=1 30 0.98
-19 " - - - 600 5] 125,0 3.72 1=2 323 0.96
=20 " - - - - 0 - 3,28 =3 337 1.00
-22 N 0.32 0.0084 82.6 600 8 128.8 3.28 4=5 346 0.94
-23 A - - - 600 12 132,1 2¢ 59 H=6 435 1.29
-24 " - - - 600 12 132.1 2476 6=7 423 1.26
-25 " - - - 600 14 133.3 2. 54 7-=8 456 1.35
-26 f 0.32 0.0084 82.6 600 14 133. 3 249 8=9 456 1.35
=28 " - - - 600 6 126.5 3693 1=2 306 0.90
=29 " 0,32 0.0084 82.7 - 0 - 3.30 =3 335 0.99
=30 " - - - - 0 - 3,50 B 335 0.99
=31 H 0,32 0.0084 82.7 600 6 126.5 36 70 4=5 307 0.91
=32 " - - - 600 6 126.5 3, 55 B 317 0.91
=33 " 0u32 0.,0084 827 600 6 126.5 3. 78 67 310 0.92
-34 " - - - o 0 - 3042 7=8 339 1.00
=35 " 0.32 0.0084 82.7 - 0 - 3632 8=9 342 1.01
=36 v 0.32 0.0084 826 1320 6 130.7 3. 581 O=1 330 1.00
=37 " = - - 1320 6 130.7 3,67 l-2 328 1.00
-38 " - - - - 0 - 3. 34 2=3 331 1.01
-39 " - - - 1320 7.5 132.5 Se 56 Bl 330 1.00
=40 “ - - - 1320 7.5 132.5 3.47 4=5 327 0.99
-41 L 0.32 0.0084 B2.5 - 0 - 3,43 Sy 329 1.00
-42 " - - - 1320 9 133.9 3,55 6=7 328 1.00
-43 H - - - 1320 9 133.9 3.53 7=8 329 1.00
-l 4 “ 0.32 0.0084 B2+5 - 0 - 3.48 8=9 326 0.99
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Teble 9. (cont.)
———
: : Mr Flow : H $ : : Soniec : : : ¢
! Equipment ¢ Manometer P Alr Flow ¢ Temp, ¢ Freq. ¢ Volts to ¢ Intensity : Time ¢ Sections on : Evagoration Rate 3

Bun $ Setup ¢ Inches of Water : 1b/f$2 x gec. ¢ OF, : cps : Sonic Driver dv $ min. ¢ Cepillary Tube : 10° x ml/min. : R/Re
E62=206=45 D - - - 1380 8 130.9 3,48 0-1 335 1.04
-46 f 0.32 0.0084 82.4 1380 8 130.9 3.64 1=-2 331 1.02
-47 " - - - - 0 - 3,42 2=3 323 1.00
-48 " - - - 1380 10 132.6 3.48 Gt 340 1,05
=49 . 0.32 0.0084 B2.4 1380 10 132.6 3.36 4=5 338 1.06
-850 " - - - - 0 - 3,49 ) 323 1.00
=51 " 0.31 0.0082 82.4 1500 10 137.6 3.61 6=7 322 1.00
-52 R 0.32 0.0084 82.4 1500 10 137.6 3,58 7-8 324 1.00
=53 s = - - 1500 10 137.6 3.50 8-9 326 1.01
=54 D 0.30 0.0080 82.4 1440 5 133.4 3.57 0-1 326 1,01
=56 " 0.30 0.0080 - 1440 5 133.4 3.7 1=2 322 1.00
-56 . 0.31 0.0082 - - 0 - 3.44 2=3 321 1.00
=57 " 0.31 0.0082 - 1440 4 135.5 3.53 =4 333 1.04
-58 . 0.31 0.0082 82.4 1440 4 135.5 3.40 4=5 334 1.04
=59 . 0.31 0.0082 - - 0 - 3.51 58 321 1,00
=60 " 0.31 0.0082 82.4 1440 10 137.8 3.33 6=7 349 1.09
=61 . 0.31 0.0082 - 1440 10 137.8 3.38 7=8 345 1.07
=62 " - - - - 0 - 3.53 8~9 322 1.00
=53 ¢ 0.33 0.0086 82.5 330 10 131.8 1.60 0=1 724 2443
-64 " 0.31 0.0082 82.5 330 10 131.8 1.68 1-2 77 2.40
-66 o 0,32 0.,0084 82.5 - 0 - 3.69 2=3 299 1.00
-66 . 0.32 0.0084 - 330 15 135.0 1.87 3=4 627 2,10
-§7 . 0.32 0.0084 - 3% 15 136.0 1.77 4-5 640 2.15
-69 N - - - 1380 10 133.4 3.81 B="7 3086 1,02
~-70 . - - - 1380 10 133.4 3.77 7-8 307 1.03
=71 " 0.32 0.0084 82.5 1380 10 133.4 3.66 8=9 311 1.04
-T2 c 0.33 0.0086 8l.9 600 8 125,5=-128.9 3.02 0-1 384 1.28
=73 " - - - 600 8 125,5=128.9 3.21 1=-2 376 1.25
-74 " 0.32 0.0084 8l.9 - 0 - 3. 64 2=3 303 1.01
=76 . 0.32 0.0084 - 600 14 130.1=133.5 1.98 4=5 572 1.91
=77 % - - - - 0 - 3.77 5=6 299 1.00
-78 " 0.33 0.0086 8l.8 1800 8 134,9=137.2 3.93 6=7 296 0.99
=79 " - - - 1800 8 134,9=137.2 3.91 7-8 297 0.99
-80 " 0.33 0.0086 - - 0 - 3.80 8=9 299 1.00
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Teble 9. (cont.)
H H Air Flow H : H H H Sonic H H
¢ hquipment ¢ lkisnometer P 3 Alr Flow ¢ Temp, ¢ Frege ¢ Volts to ¢ Intensity ¢ Time § Sections on
Sun ¢ Setup ¢ Inches of Water 3 1b/ft< x gec. 3 CF., 3 ops 3 Sonic Driver db $ min. § Capill
£62=209= 1 G 0,32 0.0084 82.6 330 8 130.1 2,68 0=1
-2 " B - - 330 8 130.1 2, 80 1=2
-3 " 0. 31 0.0082 82.7 - 0 - 3, 36 =3
-4 " - - - 330 10 131.8 l.64 Bl
-5 " - - = 330 12 133.2 1.75 4=f
-6 " 0.31 0.0082 - 330 12 133.2 1,74 S
- 8 " - - = 330 15 135.0 1.81 T=8
- 9 " - - - 330 18 136.0 1.84 8=9
=11 " - - - 330 10 131.8 1.74 1=2
-12 # 0.31 0.0082 - - 0 - 3.46 =B
-]l3 " 0.31 0.0082 83.4 330 12 133.2 1,81 Sl
=14 " 0.31 0.0082 - 330 12 133.2 1.76 45
=15 " - - - 330 13 133.8 1.68 Be=§
=16 “ - - - 330 13 133.8 1.78 B="?
-17 " 0.31 0.0082 83.4 330 15 1356.0 1.84 =8
=183 " - - - 330 15 135.0 1.78 8=9
=19 C 0e32 0.0084 83.4 600 8 125, 6=128.9 3,13 Q=1
=20 " - - - 600 8 125.5=128,9 3.30 1-2
""21 R 0.30 000080 83.4 - 0 - 3- 35 2"‘3
-22 " - - = 600 1z 128,9=132.2 2e 34 Gl
-23 " - - - 600 iz 128,9=132.2 2 31 4=5
=25 " 0,31 0.0082 83.4 - 0 - 3.52 Be=?
26 " - = - 600 14 130.,1=133. 6 1.89 7=8
-27 " 0.30 0.0080 - 600 14 130,.1=133.5 1.832 8=9
-28 G 0.3l 0.0082 83.4 570 13 133.3 324 O=l
-29 " - o= - 570 13 133.3 3.40 1-2
=30 i - - - - 0 - 3040 =3
-31 W 0,31 0.0082 B34 1380 8 131.3 Be47 Gl
-32 " = - - 1380 8 131.3 Be 33 45
"‘33 " Ot 31 Oo 0082 - - 0 . - 30 40 5"’6
=34 " 031 0.0082 83. 4 1380 10 133.4 3.27 6=7
=35 " - - - 1380 10 133.4 3.21 7=8
=36 “ 0e32 0.0084 83.4 - 0 - 3640 =g

H
H
]

Eveporation Rate
10 x ml/min.

433
430
329
718
648
646
315
642
617

703
692
319
649
647
672
652
629
638

366
365
329
501
491
331
330
614
619

3568
353
326
339
341
332
366
361
334

e® &e& oo

1.3%4
1.33
1.02
2,23
2,01
2.01
0.98
1.99
1.92

2.20
2.17
1.00
2,03
2.02
2,10
2004

[
0
~3

a:
o)
e

®
-t
[

ol ol ol ol ol ol X
DO ANOH
mmSOmmSw

e @ o
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Table 9. (cont.)
: H Alr Flow H : H H H Sonic H H : H
! Squipment ¢ Janometer b 4 H Alr Flow ¢ Temp. ¢ Freq. ¢ Volts to H Intensity ¢ Time Sections omn ¢ Evesporation Rate ¢

Run ¢ Setup ¢_Inches of Water _: ib/ £4° x sec. 1 OF. i  ops Sonic Driver 3 db ¢ min, § Capillary Tube 3 1$ x ml/min. :_R[Ro
BE62-209-37 D 0.32 0.0084 82.5 330 10 130.8 3.5 O=1 330 1.02
=38 " 0.31 0.0082 82.6 330 10 130.8 3.60 1-2 338 1.03
=39 . 0.31 0.0082 - - 0 = 3.42 2=3 323 1.00
=40 " 0.30 0.0080 82.7 330 13 132.8 3.24 Bt 362 1.12
4] . - - - 330 13 132.8 3.00 4-5 378 1.17
-42 . 0.31 0.0082 B2.7 - 0 - 3.45 5=6 326 1,01
=43 " 0.31 0.0082 - 330 16 134.5 2.89 6="7 403 1.24
i " 0.31 0.0082 82.7 330 16 134.5 3.08 78 380 1.17
-4 5 . - - - 330 16 134.5 3,02 8=9 375 1.16
-46 D 0.31 0.0082 82,8 600 4 123.2 3. 55 0=1 326 1.02
-l " 0.32 0.0084 - 600 4 123.2 3.87 1=2 311 0.97
-43 " - - 82.8 - 0 - 3.44 2=3 321 1.00
=43 " 0.31 0.0082 - 600 8 128.8 3.62 34 324 1.0
-£0 “ - = - 600 8 128.8 3.62 4-5 33 0,98
-51 # - - - 600 12 132.1 2.86 56 395 1,23
=52 " 0.31 0.,0082 82.9 600 12 132.1 2.93 B=7 397 1.24
=53 " - = - 600 14 133.3 2. 71 7=8 428 1,33
=54 " - - - 600 14 133.3 2. 70 8=9 421 1,31
=55 D 0.32 0.0082 83.0 570 11 131,9 3.69 O=1 A4 1.00
-56 " - - - 570 11 131.9 3.83 1-2 310 0.92
=57 ¥ 0.31 0.0082 83.2 570 14 133.8 3.58 2=3 311 0.99
=58 " 0.31 0.0082 - 570 14 133.8 3.74 Lty 314 1.0C
=53 " - - - - 0 - 3.62 4-5 313 1.00
=60 " 0.32 0.0084 83.2 1380 8 130.9 3. 44 B=b 327 1.04
=61 " - - = 1380 10 132.6 3.63 6=7 329 1,05
-562 " - - = 1380 10 132.6 3. 54 7=8 328 1.04
-63 L 0.31 0.0082 83,2 - 0 - 3.62 8=G 314 1,00
64 C 0.32 0.0084 82.2 330 8 130.1 1.61 O=1 719 2,38
-65 " L - - - 330 8 1%0.1 1.7 1-2 692 2.29
=66 " 0.32 0.0084 82.2 - 0 - 365 2=3 203 1.00
-67 " - = - 330 12 133.2 1.89 Bmdt 621 2,08
=68 " 0.32 0.0084 82.3 330 12 133.2 1.74 4=5 651 2.18
=69 " - - - - 0 = 3.74 B=6 301 1.00
=70 " 0.32 0.0084 82.4 330 15 135.0 2.2% 6=7 520 1.72
=71 " - - - 330 15 135.0 2.14 7=8 542 1.79



Table 9. (cont.)

$ 3 Mr Flow H :

¢ Equipment 3 Manometer ¥ ¢  Mr Flow Temp. Freq. ¢

Bun s _Setup 3 Imohes of Water ¢ 1b/ft2 x geo. °F, gps 3
E§2~-209-72 ¢ 0.32 0.0084 82,6 600
=73 * 0.32 0,0084 - 600
P4 @ - - - £
=75 . = - - 600
=76 " 0.32 0.0084 82,7 600
=P? “ 0.32 0.,0084 = -
=78 @ - o an 600
=79 # 0.32 0.0084 - 600
=80 ¢ 0,32 0.0084 82.8 870
-81 " - - - 870
=82 " 0,33 0,0086 82.9 0
=83 # w = = 1380
=84 . - - - 1380
=85 . - - - -
=86 # 0.32 0,0084 83,0 1380
=87 " - - - 1380
-88 " 0.31 0.0082 83.1 -
-89 D 0.31 0.0082 81.0 330
=80 " 0.31 0.0082 - 330
=91 # - - 81.1 -
=92 a 0.31 0.0082 - 330
=33 " 0.32 0.0084 8l.2 330
=94 " - = 8l.4 330
=95 . 0.31 0.0082 8l.4 3
=96 # - - - 330
=97 b 0.31 0,0082 8l.4 600
=99 . 0,32 0.0084 8l.7 600
<100 " - - = 600
-191 " Qo33 00 0085 51 ® 8 600
«102 ' - - - 600
=103 . 0.32 0.0084 81.9 -
"'104 L 90 33 0»0084 Blo Q 500
=108 . - - - 600

M

1]

s Sonic s $
Volts to t Intensity ¢ Time ¢ Sections on
mic Driver 3 db s min, : Capillary Tube
8 126, 5-128. 9 3,01 O=1
8 1350 5"138. 9 30 m 1“'3
0 - 3. 65 3"‘3
12 128,9-132,2 2,28 el
13 128,9-132.2 2,26 4-5
0 = 3,76 B=6
14 130,1-133, 8 1.89 6=7
14 130.,1-133.5 1,91 Pl
13 133.3 3.69 0=1
13 133,3 3,78 1-2
0 - 367 2=3
8 131.3 3,99 3=d
8 131.3 3.96 4=5
0 - .66 5=6
10 133.4 3. 93 6=7
10 133.4 3.81 7-8
O - 89 70 g“g
10 130.8 3,656 O=1
10 130.8 3,76 12
0 - 3. 69 B3
13 132.8 3. 29 Beelh
13 132.8 3.18 4=5
0 - 3. 76 5=6
16 134.5 3,08 6=7
16 134,56 2.94 =8
4 123.2 3,91 0=1
0 bad &aGB 1"3
8 138.8 3.10 2=3
8 128.8 3,32 Bt
12 132.1 2,88 45
12 132.1 2,83 56
0 o e 93 6=7
14 133.3 2.7 P8
14 133.3 2. 64 8=9

$
¢ Ev
10

oration Rate

8
$
8

92

x ml/min, R/Ro
288 1.27
378 1.24
202 1.00
817 1.71
802 1.68
301 1.00
616 2.04
608 2,01
314 1,03
319 1.08
301 0. 99
204 0. 96
287 0094
308 1.01
296 0. 97
304 1.00
307 1.01
317 1.04
320 1.08
307 1,01
367 1.17
367 1.17
301 0.99
anr 1.24
394 1,30
287 1.00
295 1.00
268 1,20
354 1.20
398 1,38
398 1.38
207 1.00
428 1.44
420 1.42
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Table 9. (concl.)

s H Alr Flow H : : H H Sonic $ s : :

¢ Lquipment ¢ Msnometer P H AMr Flow ¢ Temp. ¢ Freq. Volts to H Intensity ¢ Time ¢ Sections on ¢ bvaporation Rate ¢
Run : _ Setup 3 lnches of Wster i 1b/ft< x gec. ¢ OF, ¢ cps s Sonic Driver db : min. 3§ Capillary Tube : 10° x ml/min. : R/Re
E62=203-106 D 0.32 0.0084 82.1 570 11 131.9 3.86 0-1 300 1,02
=107 “ - - - - 0 - 4,08 1-2 295 1.00
«108 H 0.32 0.0084 82.2 570 14 133.8 3. 67 =3 201 1.02
-109 i - - - 570 14 133.8 3.87 Bl 304 1.03
-110 “ 0.32 0.0084 82.2 1380 8 130,9 3.62 4=5 314 1.06
-111 " - - - 1380 8 130.9 3. 57 =6 316 1.07
=112 " Q.32 0.0084 82,3 - 0 - 3,95 B=7 295 1.00
=113 “ - - - 1380 10 132.6 3. 60 7-8 322 1.09
-114 H 0.32 0.,0084 82.4 1380 10 132.6 3457 8=9 318 1.08
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Table 10. Predictions and results of evaporation runs for
equipment setups C and D. Based on constant
frequency and comstant sonic inteasity.

Freqe ¢ Prediction From d Result of Evaporation Rung

cps H Smoke Observations : From Inspectien ¢f Graphs

330 (R/Ro)¢ (R/Ro)p 1 As predicted.

570 (R/Ro)g (R/Ro)p 1 As predicted.

600 (R/Re)g (R/Ro)y, 2 As predicted except that
(8/Ro)y 1 at lower sonie
intengities.

1380 (R/Ro)g (RfRo)p 1 Too much scatter to observe
difference in (R/Ro); =nd (R/Ro)yp .
Mlgo (R/Ro)p  1.04 1.

1440 (R/Ro)¢ (R/Re)p 1 (R/Ro) (R/Re)y es predicted
but (E?Ro)-ﬁ 1 as sonic intemnsity
increesses.

1320 (R{Ro)4 (RfRo)p 1 As predicted.

1500 (R/Ro), 1 As predicted.

1680 (R/Ro)g 1 As predicted.

1800 (R/Ro)g 1 As predicted.

%Snbscript denotes equipment setup. BPased on 0.32 inches of water on air flow
manometer.



Table 11l.

Fredictions and results of evaporation runs for eguipment
setups C end D. Both frequency and sonic intensity vary.

95

e i
o emee

I

Eguipment Setup
Frequency, cps

Volts to Sonic Driver
Soniec Intensity, dd
H/Ro Predictions at
Above Conditions Based
on Smoke Ubservations
R/Ro Results from

Plots of iLvaporation
Rate Date

330
i4.3
134.6

E/Ro

2.0

¢

600
14.0
130.1-133.5

R/Be

2.0

D D C
330 600 1380
16.5 9eb=14.6 10.0

R/Ro R/Ro R/Ro

1.26 l.1-1.4 1.08

570
14.0
134.0

R/Re

1.07

1440
10.0
134.5

R/Ro

1.15

1320
10.0
133.3

R/Re

1.05

b70
14.4
134.0

R/Ro

1.00

1380
11.1
133.4

R/Ro

1.056

1440
5.9
134.5

R/Ro

1.02

1320
8.3
133.3

R/Ro 1

1.00

Fotes:

Since little if any stresuing wes observed at 1500, 1680, snd 1800 cpe, these frequencies would have predicted values of R/Ro

results of the evsporation runs.

All E/Ro values at 0.32 inches water on eir flow menometer.

The db values are fror Figures 10 to 15 at the voltages givem above.

1 which sgree with the
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ABSTRACT

The objectives of this study were to improve the understsnding of the
mechenism by which the spplication of sonic pulses hed been demonstrated to
affect retes of evaporation and to determine what quantitative relationships
might exist between operating varisbles and evaporation rates. The pertic-
ular system used in this study was the evaporation of water from a2 flat
surface of frittered glass into & slowly moving air stresm which flowed
over the evaporative surface. Sonic pulses were directed along the normal
to the evaporative surface.

The effects of the sonic pulses ranged from reductions in evsporation
rates of meveral percent to over two bundred percent increases. Varistion
of the operating conditione and of the experimental setup indicated virtuslly
eny velue in this range of slteration of evaporation rastes could be produced
by proper specification of these variables. The usual direction of change
wes sn incresse.

Streaming wes indicated to be the principsl mechanigm by which the
spplication of somic pulses increased evaporation rates. &Streeming is a
stealy flow generated by en intersction between the sonic pulses snd the
transmitting fluild or between these snd the solid bounderies in the system
(16). Streaming flow was studied by observations of smoke patterns in the
transmitting fluid, air. Consideration of these observestions and dats on
evgporation rates led tc the conclusion that streaming in the vicinity of
the eveporstive surfasce was responsible for the incresses in eveporetion
rates csuised by the spplication of somic pulges. Incresses in evgporstion
rates generelly becsme larger zs the intensity of the stresming flow

increesed.



The operating varisbles and their effect on the generation of stream—
ing in the vicinity of the evaporative surface were not completely defined.
Streaming intensity increased as sonic intensity increased for a given
experimentsl setup and sonic frequency. Both the experimental setup and
soniec frequency were observed to be critical factors in determining the
intensity of the stresming in the vicinity of the evaporative surfsce.

The pertinent differences between the experimentsl setups were ia the
geometry of the tumnnel system or enclosure.

The results of this work were compared to the results cbizined by
previous investigstors, Cheuh (3) and Nichols (4). While the latter's
results are feirly consistent with the present stvdy, Chueb's failure to
detect streeming does not seem consistent with the inereases in evaporetion
rates that he obeerved.

Furtber study of the effecte of sonic pulses might be expedited by

more detailed considerstion of the stresming phenomena.



