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Climatic chamber tests of an off-the-shelf ice 
detection system manufactured by Rosemount 
Engineering Company were conducted at the 
Armament Development and Test Center, Eglin AFB, 
Florida. The purpose of the tests was to 
determine the feasibility of taking objective 
observations of ice accretion near the earth's 
surface. Data was collected for a variety of 
wind, temperature, and precipitation conditions 
which simulate natural icing. This paper 
presents the preliminary results of the tests. 

an Ice Accretion 

northwesternunited States. Two shortcomings of this 
instrumentation that preclude its use at most observing 
sites are its size and its Orientation which results in 
ice amounts being a function of the wind direction. 

Due to the importance of ice accretion design 
criteria for exposed AF systems, the Air Force 
Geophysics Laboratory funded research to test the 
feasibility of taking objective observations of ice 
accretion using a sophisticated ice detection system 
marketed by Rosemount Engineering Company. 

The'Rosemount'Ice Detection System 

Ice accretion can be a major destructive force 
to structures, such as towers, radar, elevated 
cables, etc. Concurrent, or more probably subsequent 
strong winds may be the critical factor in damaging 
equipment loaded with ice. Despite this, routine 
objective observations of ice accretion at the earth's 
surface have not been made by any national weather 
service. 

Ice accretion studies have been carried out by 
independent organizations such as power and telephone 
companies. However, these have been limited in scope 
and geographic applicability. Many researchers 
(1, 2, 3), to name a few, have assimilated the 
available material on ice accretion and attempted to 
delineate the ice accretion hazard. Other 
researchers, (4, 5, 6, 7) have attempted to relate 
ice accretion to readily available climatological 
data. Unfortunately, current information is limited, 
and, in many instances subjective; consequently, 
these studies fall short of providing accurate and 
consistent design criteria. 

The bulk of the work on ice accretion explores 
the theoretical relationships between ice formation 
and the parameters affecting its rate of accumulation, 
density, shape, etc. (e.g. 8, 9). These relationships 
are important to a complete understanding of ice 
accretion processes. They are, however, based on 
ideal steady state atmospheric conditions and are of 
limited use in calculating a realistic magnitude of 
ice accretion in the turbulent natural environment. 

The methods used to measure ice accretion in the 
natural environment have been varied. The most 
objective measurements have been made using a cable 
suspended between two poles with a weight measuring 
device, or tensionometer, between one of the poles 
and the cable. This method has been used to collect 
data in the Soviet Union, (10). The Bonneville Power 
Mministration, Portland, Oregon has many years of 
this type of data taken in mountain locations in the 

The Rosemount Engineering Company, Minneapolis, 
Minnesota markets a line of ice detectors which are 
used primarily to detect ice formation in the intake 
portion of turbomachinery. They are aerodynamically 
designed for use on aircraft, but they have been used 
to detect icizig on towers. 

The ice detector works by the magnetostriction 
principle. An oscillator forces a small closed 
cylinder (the sensing probe) to vibrate longitudinally, 
parallel to its axis. It is driven at its resonant 
frequency when dry, but accretion of ice will cause a 
shift in resonance corresponding to the increase in 
mass on the probe. After a small preset amount of ice 
has accumulated, the sensor is deiced. 

Hill (11) and Chaine (12) conducted tests on 
Rosemount ice detectors in the natural environment. 
These tests indicated that the instruments operated 
satisfactorily. However, they did not determine 
whether they could be used to measure mass and 
thickness of accumulated ice. 

The advantages of using a Rosemount ice detector to 
observe ice accretion, convenient size, durability, and 
the ability to perform with limited human involvement, 
are quite attractive compared to other methods and 
devices that have been tried. We decided that if the 
Rosemount detector were tested under controlled 
conditions in a climatic chamber, we could evaluate its 
ability to measure ice accretion. 

Accordingly, four model 872DC ice detectors, a 
newer model than the ones tested previously were 
purchased from Rosemount. The main reason for choosing 
this model is the long strut, as can be seen in 
Fiqure 1. It was also necessary to purchase a model 
number 524H controller, which is kept remote from the 
detectors, to actuate the deicing system. An event 
recorder was used to count deicing cycles. 
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The Ice Accretion Tests 

Testing of the ice detection system is being 
carried out in the climatic chamber at the Armament 
Development and Test Center (ADTC), Eglin AFB, Florida. 
Preliminary tests were conducted during two 3-week 
periods in April-May 1977 and January-February 1978. 

Our goal was to evaluate how accurately the 
Rosemount system could determine ice accretion amounts 
on small simulated structural components. During the 
first test period, cylinders with four different 
diameters up to 50.8 mm (2 inches), in both the 
vertical and horizontal mode, were mounted in close 
proximity to three Rosemount ice detectors. Vertical 
and horizontal flat plates were also placed in the 
test area. One-hour tests were run for wind speeds 
of 5 to 35 knots, temperatures of -10C to -70C, 
freezing rainfall rates of 1.27 and 5.08 nun (0.05 and 
0.20 inches) hr, and 0.2g m 3  water content for 
freezing cloud/fog conditions. 

Early in the testing, all three Rosemount 872DC 
detectors broke down due to overheating during the 
deice cycle. These were returned to Rosemount for 
repair, and we were loaned three model 871FA detectors. 
The major difference between these models is the 
length and shape of the strut on which the sensor is 
mounted. The detectors were set to deice with 0.5 mm 
(0.02 inches) of ice on the sensor. 

For the second test period, two 872DC detectors 
and one 871FA detector were used. One-hour tests were 
run for wind speeds of calm to 35 knots, temperatures 
of -10C to -100C, freezing rain rates of 1.27 and 
2.54 mm (0.05 and 0.10 inches) hr, and 0.1 and 
0.2g m 3  water content for freezing cloud/fog 
conditions. Idditional, longer duration tests, some 
with varying conditions, were also run. 

Test Results and Analysis 

The April-May 1977 Tests 

The initial tests were conducted in one of the 
climatic chambers at ADTC, with floor dimensions of 
9.1 x 39.6 m (30 x 130 ft). A total of 39 1-hr tests 
were run. Measurements made on the simulated 
structural members included ice thickness, the mass of 
the ice on three removable cylinders, and- the ice 
density using arotating cylinder 3.2 nun (1/8 inch) in 
diameter. Figure 2 shows the arrangement on the test 
stand. The linear least squares regression of the ice 
thickness on the 25.4 mm (1-inch) cylinder versus the 
number of instrument cycles for the 39 test points is 
shownin Figure 3. Although the correlation of .915 
is quite good, the standard error of the ice thickness, 
about 4 msn,is fairly high. 

The first round of testing involved several 
problems which limited our capability to evaluate the 
Rosemount detectors. The most important of these were; 
(1) the strut on which the sensor is located was not 
long enough to keep accumulated ice on the mounting 
plate from interfering with the flow passing the 
sensor, (2) the area of uniform icing was smaller than 
the area covered by the instrumentation, (3) the 
vertical flat plate, see Figure 2, caused enough 
turbulence at wind speeds in excess of 15 knots to 
interfere with ice accretion on other components where 
ice amounts were measured, (4) frictional heating of 
the air drawn through the wind machine at low wind 
speeds caused erratic temperature fluctuations of up 
to 2°C. 

The January-February 1978 Tests 

The second round of tests were conducted in the 
main chamber at ADTC, which has floor dimensions of 
61.3 x 76.8 is (201 x 252 ft). This enabled us to 
eliminate the problem of frictional heating of air 
through the wind machine at low speeds, since it could 
be moved further from the test stand rather than 
closing the intake vent to produce low speeds. Also,  

the wind speed could be kept more constant than in the 
smaller chamber. 

In order to make sure that all components on the 
test stand were within the area of uniform icing, 
measurements of ice thickness and mass were made on 
only four horizontal cylinders, 3.2, 12.7, 25.4, and 
50.8 mm (1/8, 1/2, 1, and 2 inches) in diameter. These 
were located approximately 30.5 cm (12 inches) behind 
and 15.2 cm (6 inches) above the sensors on the ice 
detectors. This arrangement also eliminated the 
turbulence caused by the clutter of collectors used in 
the first round of testing. Figure 4 shows the 
arrangement on the test stand. 

A total of 42 1-hr tests were run, half with 
freezing rain and the other half with cloud/fog sized 
droplets. Linear least squares regression information 
for the mass of ice on the 25.4 mm (1-inch) cylinder 
versus the number of cycles for each of the 3 detectors 
are given in Table 1. Presented separately in the 
table are the regressions for the cloud/fog and the 
freezing rain tests. The information provided in 
Table 1 reveals the marked improvement in the correla-
tions and standard errors by separating the cloud/fog 
and freezing rain data. This was also true for the 
3.2, 12.7, and 50.8 nun cylinders. 

Figure 5, which shows the regression lines from the 
information in Table 1, indicates that for a specific 
number of instrument cycles, a much greater mass of ice 
would accumulate on the cylinder during freezing rain 
than during freezing cloud/fog conditions. The most 
likely cause of this disparity is the change in 
collection efficiency resulting from the difference in 
drop size. This is the main distinction between the 
cloud/fog conditions and the freezing rain. For the 
cloud/fog test, droplet diameters were measured to be 
less thanO.2 no, whereas the freezing raindrop diameters 
were measured to be from 0.2 to 1.5 mm, with an average 
diameter of 0.4 to 0.8 mm. 

In order to determine how well the detectors worked 
under prolonged icing conditions, six tests were run 
for periods of 2 to 17 hours. In some of these tests, 
conditions, such as temperature, wind speed, and 
precipitation rate, were varied. As a result of these 
longer tests, two major problem areas were brought into 
focus. The foremost of these is an acceleration of 
instrument deicing cycles caused by melt water from the 
sensor accumulating on the flat surface area on the top 
of the strut. This can be most clearly visualized by 
referring to Figure 1. As the melt water builds up on 
the strut, it is held in place by the surface tension of 
the water and freezes. The sensor, which is partially 
submerged in the puddle, responds by returning to the 
deice mode. This particular problem apparently is a 
significant factor only at wind speeds of 15 kts or less. 
At higher wind velocities, the melt water is blown 
clear of the detectors. 

The second problem area is ice buildup on the wind-
ward side of the detector strut. This occurs at wind 
speeds of 15 kts or more. Although the top 7.6 cm 
(3 inches) of the strut are heated, ice builds up from 
the unheated portion and is melted only at the surface 
of the strut. Under extreme conditions, this buildup 
extends slightly beyond the top of the strut and begins 
to obstruct the sensor. The effect on the instrument 
response time, though, seems to have been minimal. 

Another important consideration was found to be the 
variance in output among the individual detectors. As 
can be seen in Table 1 and Figure 5, there is a 
significant difference in the response time of the two 
872DC ice detectors. A representative of Rosemount 
stated that the difference in response time between 
detectors varies by 15 to 25%. He indicated that 
greater attention to calibration should reduce the 
variance to 10 to 15%. 

Conclusions 

At the time that this paper was written, much of the 
test data had not been analyzed. Based on these 
preliminary results, however, it can be concluded that 
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the Rosemount Model 872DC ice detection system could be Figure 1. 	The Rosemount model 872DC ice detector. 
readily tailored to provide valid observations of ice The sensing probe sits atop the 25.4 cm accretion, mass and thickness, on cylinders. 	This will (10 inch) 	strut. 	During deicing, the sensor recujre modification of the detector, such as tapering and the top 7.6 cm (3 inches) of the strut 
the top of the strut, to facilitate drainage of melted are heated. 
ice from the sensor, and a method for reducing ice 
buildup on the strut during heavy icing. 
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Figure 2. Arrangement of instruments and collectors 
for the April-May 1977 test period. 

Table 1. 	Linear least squares regression 
the number of instrument 

information for the mass of ice on the 25.4 nun (1-inch) 	cylinder (Y) vs. 
the 

cycles (X) 	for each detector. 	Results 
freezing rain and riming conditions are given for all the test points and for separately. 

Conditions Detector No./Model 
Number of 
Test Pts. Slope 	Y Standard 

Intercept Correlation Error 
(grams) 

All 
All 

1/872Dc 
2/871F p. 

42 3.4 10.29 .80 29.2 
All 3/872DC 

41 
42 

3.66 7.42 .80 29.6 
Freezing Rain 1/872DC 21 

4.32 8.94 .79 29.8 
Freezing Rain 2/871FA 20 

1.89 9.52 .92 8.9 
Freezing Rain 3/872DC 21 

1.94 8.12 .93 8.3 
Cloud/Fog 1/872DC 21 

2.38 8.99 .94 7.9 
Cloud/Fog 2/871FA 21 

5.33 11.43 .99 9.4 
Cloud/Fog 3/872DC 21 

5.75 5.11 .99 9.9 6.97 6.61 .98 11.9 
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Figure 3. Linear least square regression of the ice 
thickness on the 25.4 cm cylinder vs. the 
number of deicing cycles. Data from the 
April-May 1977 test period. 
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Figure 5. Regression lines from the information in 
Table 1. 
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Figure 4. Arrangement of instruments and collectors 
for the January-February 1978 test period. 


