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EXECUTIVE SUMMARY

A new method to test deicinfuids under laboratoryconditions has been successfully
demonstrated. This method gnerates artificial snow byrinding a snow core fed into a
horizontallyorientedrotatingdrill bit. The sytem is capable of producirsmowfall rates from

5 to 50 gn/dnf/hr over the area of 30- x 50-cmfrosticabor plate. Since he snowfdl rate can be
accuragly contolled, oher varables such asemperatire and fluid type can be varied
independety in orderto deermine he dependence of fare ime on each ofhe varables
separately The current version of the sgm produces failure timeshorterthan outdoorand
indoor test results of the same fluigggyundersimilar conditions. Preliminaryanalysis suggests
thatthis maybe due to the continuous nature of the snemeration method used in the current
system compaed to theintermittent snow @plication techniques usel in previous tests. This
phenomenon alongith enhanced control of temperature and snowé#isareareador follow-

on investigtions.
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1. INTRODUCTION.

Currentmethodsof establishingholdovertimes for deicingand anti-icingfluids under snow
conditionsinvolve outdoor testingisingfrosticator plates duringnowstorms.While providing
data on the performance of a particular fluid under actual snow conditiosgpproachto
testing can only be done during winter snow conditions, requiringonsiderable effort and
expense. In addition, outdoor conditions are often Hligunstable with variables such as wind
speedand direction, temperature, and snowfall intensityangng rapidly. Thus, it is often
difficult to compare tests from a particular snowstowith tests conductedduring other
snowstormsand even within a particular storm, since particular conditions of snow intensity
wind speedanddirection,andtemperature are seldom duplicatdd.contrast to outdoor testing
indoor testingn a cold room provides a well controlled environmertermsof temperaturend
wind (calm) and offers the opportunityof conductingtestingyear round. It also offers the
opportunity of repeatingtests to establish reliabilitgnd error tolerance limits artd develop
functiond relationships beveen vaiables byvarying only onevariable a atime. Thelack of an
appropriatemethodto generate realistic snow in sufficient quantities prevents testirdpicing
andani-icing fluids in cold roons. Recentstudies n Canada used natal snow colecied from
outdoors to perform testirig a cold room.

In this report, a method toegerate artificial snow bynechanicallyshavingan icecore was
undertaken. Section 2 presents the method @heratingthe artificial snow, and section 3
presents some preliminargsults from holdover tests using frosticaptateswith deicing and
anti-icing fluids exposed to the artificial snow in the caldom. The holdovertime resultsare
compared o prevous resub. In secton 4, he resuls are surmarized andsuggested avenuedor
future work are presesd.

2. ARTIFICIAL SNOW GENERATION.

2.1 BASIC CONSDERATIONS

Naturalsnowoccurswith a wide varietyof sizes, shapes, and water contefithis is due to the
variety of temperatureandsupersaturationthatthe snow crgtals gow in and also due to their
interactionwith clouddroplets(collisionsof snow crgtals with cloud droplets leads to rime) and
to theinteraction of snowcrystals with othe snow cystals (oollisions of snow gystals with othe
snow crystals lead to snowflakes consistingf 2 to 100 individual crstals). As a result, the
densityof anindividual snowflakecan varyfrom 0.01 to 0.3 g/cnt. Fall speeds of individual
snow crtals varyfrom 10-100 cm/s, while the fall speed of snowflakes is remarladsigtant
with avaluenearl m/satsea ével. The neas consént velocity of snowflakes § due b the fact
thatsnowflake dengy typicaly decreases \th increasng diameter.

2.2 SNOWFORMATION IN A COLD ROOM.

The processesf snowgeneration are clearlyery complexand difficult to artificiallyreproduce
in a col room However, 1 was observethat sone of the bast characeristics of snowflakes
(snow cystals aggregated together) can be fairly wel simulated by shaving ice with a shap
instrument sud as aknife or adrill. For instance, thefall speed and snow dasity of ice shavings



produed mechanicaly with ashap autting edge are quite similar to theactud densities and fdl
velocity of natural snowflakesThis led to developing method to gnerate snow using sharp
metal edge to shave ance core. In the first atempt, a seres of ce cores were fedio a small
jointer (figure 1). Figure 1(8 shows thgointer with theeght ice core feed tubes. Theice core
assemblyrotatedcounterclockwisein the horiontal plane, feedinguccessive ice cores into the
horizontdly rotaing jointer bit. Figure 1(b) shows thesystan with the ice core assanbly
removed. The jointer bit is located in theag between the upper jointsurface. The air tubes
feedinginto the bit area were necessay to keep theice chips from ¢ogging therotéing bit. This
method proved unsuccessful due to the difficuftykeepingthe bit regon clear ofrelatively
coarsece cngtals.

(@)

(b)

FIGURE 1. INITIAL ICE GENERATION SYSTEM USING A JOINTER TO GENERATE CE
SHAVINGS. Figure (a) shows the completessgm, while figire (b) shows the
systemwith the ice core feed assdiy renoved.



The exerience gined from this unsuccessful attempt was used to deawekgrondtechnique
usingadrill pressin a horizontal orientationA solid ice core, 6 cm in diameter and 44 cm long
was atached ¢ a votage-contolled feed sgtem (betveen 5 and 15 vtd) thattranshted heice
core into the rotatingrill bit at a fixed rate. As the icecoreis fed into the 7.5-cm-widedrill bit,
ice shaving are producedThe ice core and drill press are mounted horizonfallyn abovethe
floor on a metal standThe ice shavingfall to theground and simulatea snowfall varying in
intensity from 0.5 to 5 mm/hr or 5 to 50ngdnf/hr. A photogaph of the artificialsnow
generation sgtem is shown in figre2. A photogaph of the sstem producingnowis shownin
figure 3. The snow accunlation in a 30-x 50-cm pan located 1.2 m below thetgynis shown
in figure 4. The densityof this particular accumulation is 0.08ginf/hr and is farly uniformin
a horiontal plane.The artificial snowflakes ramgin siz from 0.5 to 10 mm (figre 5).

FIGURE 2. ARTIFICIAL SNOW GENERATION SYSTEM



FIGURE 4. SNOW ACCUMULATION IN A 30-x 50-cm PAN IOCATED 1.2 m EELOW
THE SYSTEM



FIGURE 5. ARTIFICIAL SNOW PARTCLES. Scle given in eentimeters,
each small tick mark in millimeters.

Thetestsdiscussedn this report were all conducted at a cold-room temperature &€ -#42°C
andundernearlycalm wind conditionsA fan in the cold room circulated cold air near the top of
the room; testswere conducted).8 m abovethe floor where the air motion was less than 1 m/s.
The themosta in thecold room gcled thecooler arr gpproximately every 30 minutes, resulting

in a temperaturevariation of +2°C. Snowfall rates of 5.0 m/dnf/hr & the snow ollection
location 0.8 meters above the floor can be maintainethédygtem for over 2 hours without
changngtheice core. At 25.0 gn/dnf/hr, one ice core lasts 30 minutdsgure 6 shows that the
snowfdl rate increases linearly with increased voltage to thefeed motor. Currently thedrill press
rotation speed is kept at a constant rate of 1300 rArplot of the snowfall accumulatiorasa
function of time, determined byweighing the collection pan continuouslis shown in figire 7

for a constant 6 volts to the feed motdxote thatthe snowfall rate startsat 1.2 mm/hr and
graduallyincreases to near 1.6 mm/hr the end of the 25-minute tesThis increaseis likely
dueto themotor and berings warming up duringthetest. In thefuture afeedback systan tha
maintains the translaor stage at a constant sped will be consideed. While the increase in
snowfall rate is undesirable, the currergteyn can ye reasonable estimates of holdover time if
the snowfdlrate is measured before and efteach éstand hen averagd.
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Theice cores us@ &s the soure for the snow wee created by freezing filtered, deonized water
in plastc tubeswith a6 cminner dameter and adngth of 45 cm The ice cores are gted n the
sane cold roomwhere he ests are perforrad.

A sh&able wire grid was instdled 1 m béow the snow gmneration point to moreeffectively
dispersetie snow hodontally. The gid elementsin the nesh are a % 1 cm ovals. The gid is
shaken horiantally by a motor duringsnow production periodsThe snow produced bthis
system has snow densities viay from 0.03 to 0.06 mp/cn, with the hidher densities produced
for the hidher snowfall ratesThese values of snow dens#tie tyical of drysnow conditions.

3. DEICING AND ANTI-ICING FLUID TESTS WITH THE ARTIFICIAL SNOW
GENERATION SYSTEM.

3.1 RESULTS FROM THE ARTIFICIAL SNOWGENERATION SYSTEM EXPERVENTS.

To denonstate the system, frosicaor paneltests in the cotl roomfor Ultra+ Type M neatanti-
icing fluid were conducted at -1G% The fluids were stored in the cold room and thus were at
the sane temperatire as lhe anbientair. Table 1 gvesthe resuts of a seresof tests with the
Ultra+ fluid for precipitationrates varing from 0.5 to 3.5 mm/hr (5.0 to 35mgd/hr). The
precipitation rate was deéermined by measuring the snowfdl rate at the location of the frosticator
plate for 10 minutes with a 30« 50-an pan just dter the test using thesane ice core The
precipitationrateat the endof the test was used as the test valbigure 8a shows a photo of the
test panel just after fluid application, anduig 8b shows the same panel after failure.

TABLE 1. REQULTS OF A SERIESOF TESTS WITH ULTRA+ NEAT FLUID FOR
PRECPITATION RATES VARYING FROM 0.5 TO 3.5 mm/hr (5.0 to 35wdnthr)

Test Precipitation Rae Failure Time Mass of Snow Accumulatiof
No. (mm/hr) (min) (gm)

0 2.88 14 100

1 1.64 28 116

2 0.56 79 110

3 3.44 12 103

4 2.72 1/ 115

5 1.4 29 101

6 0.84 42 89




FIGURE 8a.FROSITICATOR PANEL JUST AFTER AFPLICATION OF FLUID

FIGURE 8b. FROSTICATOR PANEL JUST AFTER FAILURE

The resultsof these tests; plotted in fige 9, show a clear inverse relationship between failure
time and precipitation rate for a given tempaature for this fluid. The curvefit to this dda has a
correlation coefficient of 0.986 and a power of -0.974, showivag theinverserelationship
holdsto a high degree. Figure 10 plots thesane quantities on aog-log plot; thedaa has alinear
relationship with a slope near -1.0, consistent withitiverserelationshipmentionedabove.
Figure 11 plots the total accumulation versus the time of failure and shows that this particular
fluid at this tenpeaature fails a nearly the sane mass of snow indeendent of the precipitation



rate. Thus,the constanof proportionalityis the total accumulation, resultimgthe followingfor
empirical relation falure time for this paticular fluid at -10°C:

Failure Time O Totd Accumuldion (gm) /Preipitation Rae (gm/min)

9
100 -\ T T T T

— y = 41.483 * x(-0.97411) R= 0.98661 ]
80 \r 7

60 |
Time of
Failure (min)

40 -

20

Liquid Equivalent Snowfall Rate (mm/hr)

FIGURE 9. FROSTICATOR PANEL TESTS OF ULTRA+ TYPE IV NEAT FLUID AT -10°C
FOR VARIOUS PRECIPITATION RATESUSING THE ARTIFICIAL SNOW GENERATION
SYSTEM. Power law curve fit shown in the upper portion of the plot.
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FIGURE 10. FROSTICATOR PANELTESTS ORULTRA+ TYPE M NEAT H.UID AT -10°C
FOR VARIOUS PRECIPITATION RATESUSING THE ARTIFICIAL SNOW GENERATION
SYSTEM PIOTTED ON A LOG-LOG SCALE
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FIGURE 11. TOTAL MASS OFSNOWACCUMULATION AT TIME OF FAILURE
VERSUS THE TIME OF FAILURE

If a given fluid follows this rdationship @ a given tempeature then its falure can be
characteried bythe total accumulation, providirggsimple comparison of fluid performaratea
given temperature.For instance, if fluid A failed at a total snow accumulation of 160ag
-10°C, while fluid B required 125rg accumulatiorat -10°C bdore failure, then thefailure time
for fluid B would be 25 percent loeg than fluid A at -10C for dl precipitation raes. The
above empirical relation indicates that if the precipitation rate is doublexlthe failure time is

cutin half. Thus,thisimpliesthat failure time at aigen temperature is inversgbyoportional to
the precipitation ratef khe above inverse relationship holds fordsicingandanti-icing fluids,

it is postlated that only one st would be neededtdeermine the total accunulation requred
for thefluid to fail ata gven emperatire. The pbtal accunulation coutl then be usedtderve
failure times for other precipitation rates usthg equation above at avgn temperature.

Currently only Ultra+ Type M at -10C has been tested, and thus, verification of the above
hypothesis will require further testing of different fluids a different tempeaatures. The results
show,however the powerof conductingtestsin a cold room in which mangf the keyvariables

can be controlled.
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3.2 COMPARISON TO PREVDOUS DATA.

3.2.1 Comparison to National Center for Atmospheric Research (NCAR) Outdoor Tests of
Ultra+ Type NV Neat Fuid.

Outdoor testsof Ultra+ Type M neat fluid were conducted BMCAR during the winter of
1996-97. Thirty-one tests were conducted at temperatbegeeen0.0 and-3.8°C. These dat
arecomparedo the current indoor tests in fige 12. The failure times for the indoor test panels
were substantiallynuch shorter than for the outdoor tesir example, the failurgime at 20
gm/dnf/hr occurred at 20 minutes for the indoor tests atG1l@vhile & 70 minuts for the
outdoor tests. It must be noted, however, that the outdoor tests ywenearily conductedat
temperatires cbse b 0°C, while the indoor tests wemnductedat -10°C. Near OC the fluid
would be eyectd D last longer than at-10°C dueto therdatively warm tempeaature In the
following section, the current data are comparedht University of Quebecat Chicoutimi
(UQAC) data in order to compare the current results at a more appropriate temperature rang

600 T T T T T
r o y=390.82*x"(-0.97411) R= 0.98661

500 - - — y=786.93 * x’(-0.81649) R= 0.9197

400 [ 7]
Failure i
Time (min) L
300 |

200 |

100 |

Snowfall Rate (gm/dmZ/hr)

FIGURE 12. COMPARISON OF NCAR NDOOR AND OUTDOOR FROSTATOR PLATE
TESTS WITH ULTRA+ NEAT FLUID TYPE

3.2.2 Comparisons to UQAC Outdoor amubbor Data

In figure 13, UQAC outdoor test data of Ultra+ neat are compared to the current ING@dR
tests. The UQAC data were obtained betwesetemperaturgang of -0.5to -11.8C and are
thus closer to the NCAR indoor test conditions than the NCAR outdets. Thesedatawere
obtainedfrom a recent report from UQAC As can be seen, the comparison to the UQAC
outdoor tests are much better than to the NCAR outidsts. For instanceat a snowfall rate of

20 gn/dnt/hr, thefailure time for the UQAC data is 40 minutes as compared to 20 minutes from

11



the NCAR indoor data.However, the NCAR indoor failure times are stillrsigcantly shorter
than the for outdoor testsin order to further verifythis result, the NCAR indoor testse
compared to UQAC indoor tests of Ultra+ neat at€Lh figure 14.

300_'"'|""|""|""|""|""|""
—— y = 470.49 * x(-0.83792) R= 0.96198
°

250 L -— y=390.82 * x(-0.97411) R= 0.98661 b
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FIGURE 13. COMPARISON OF UNNMERSITY OF QUEBEC AT CHICOUTIMI (UQAC)
OUTDOOR TESTS OF ULRA+ NEAT (-0.5 TO -11.8C) (SOLID DOTS TO THE NCAR
INDOOR TES S AT -10°C (OFEN SQUARES
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FIGURE 14. COMPARISON OF UQAC NDOOR TESTS OF ULRA+ NEAT AT -10°C
(SOLID DOTS TO THE NCAR NDOOR TES'S OF ULTRA+ NEAT
AT -10°C (OFEN SQUARES
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The UQAC indoor tests were conducteddpyinkling natural snow over the panels for 8060
seconds, waitindgor 2 to 5 minutes, and then repeatthg process.This showsthatthe failure
time of the UQAC tests are higr than for the NCAR indoor testSince the UQAC indoor test
resultscomparefavorablyto their outdoortestresults (figire 15), there seems to be a consistently
lower failure time for the NCAR indoor tests.

300_""I""I""I""I""I""I""

——— y=379.53 * x(-0.81072) R= 0.99754
m]

250 [ - — y = 470.49 * x(-0.83792) R= 0.96198

200 [ -

150 |

Failure Time (min)

100 F

Snowfall Rate (gm/dm?/hr)

FIGURE 15. COMPARISON OF UQAC NDOOR TESTS OF ULRA+ NEAT (OPEN
SQUARES WITH UQAC OUTDOOR TESS OF ULTRA+ NEAT AT -10°C

A number of possibilities est to edplain this result. First, the NCAR testsproduceda constant
snowfall rate duringhe time period of the test, while the outdoor snowfaiesare highly
variable. As mentioned above, the UQAC indoor tests were obtainesolmeone sprinkling
snow over the fluid ever to 5 minutes for 30 seconds to 1 minute in order to simthate
desiredsnowfall rate. Since the NCAR snowfall simulation method is constant, the fluid does
not have anytime to recover, as maye the case in the UQAC indoor and outdoor testss

lack of recoverytime maylead to the shorter time in the NCAR indoor tests.

Preliminarytests were conducted with the artificial snoengration machine duplicatinthe
snow dispersalmethodusedby UQAC by turning the machine on for 1 minute and off for 2
minutes and conductinfyosticator tests usinthis method and theontinuoussnow generation
methodunderotherwisethe same conditionsThe results from this test duplicated the UQAC
discontinuous snow results above and also the NCAR continuous resgijssting thatthe
currentresults are valid and that discontinuous snow dispersal methodsesay in longr
holdover times due to the fluid recoveridgringthe nonsnow periods.
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4. SUMMARY.

An artificial snow g@neration sgtem has been developed that canegate snowfall rates
between 5 and 50ny/dnf/hr over he area of a frostapr plate (30x 50cm). These rags can be
maintained for up to 2 hours atgh/dnf/hr and for 30 minutes at 25mgdnf/hr. Thesnow is
geneaated by shaving an ice core fed into ahorizontdly oriented drill press. The feed rate is
controlled by controlling thevoltage to thetranslaor motor.

Results to dée show tha the system can test decing or anti-icing fluids for awide range of
liquid equivdent snowfdl rates. Prdiminary results &so indi@te tha the failure time of afluid

can be shown to be inversgdyoportional to théiquid equivalentsnowfallrateandthatUltra+ at
-10°C may be characgrized by a btal snow accumnlation that leads ¢ failure of te fluid.
Extension of this reult to othe fluids will require additiond testing The current results gve
shorterfailure timesfor Ultra+ thanNCAR outdoor tests and UQAC outdoor and indoor tests.
Preliminarytests indicate that this mde due to thaliscontinuoussnow applicationmethod
producinglonger times than the current continuous snow application method.

14
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