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INTRODUCTION

Metering of natural gas requires a great deal of effort in gas processing and instrument

calibration to achieve the desired accuracies of approx. 0.3% or better. Several types of

measurement principles for monitoring the gas density exist on the market. The curve

fitaccuracy of vibrating element densitometers should be in the range 0.02 to 0.1% of the

reading. However, in practice, there is a discrepancy between the "expected" and measured

value in excess of the aforementioned accuracy. The reasons for this behaviour can be

caused by factors such as velocity of sound effect, or some pressure and temperature

lnequality between the line fluid and the transducers, or due to "impurities" in the gaseous

fluid passing the sensor, or due to condensed fluid on the vibrating sensors.

The presence of condensation in the instrument will often result in out of range meter

readings. Problems related to condensation in the flow line and/or meter instrument have

been evaluated in the gas flow test loop at Rogalandsforskning. The general features of the

test loop are presented. Two types of densitometers have been used in this study, namely,

Solartron 7810 and Sarasota ID-771.

In the following sections, the experimental set-up is described, wnh emphasis on important

loop design criteria for the densitometers behaviour, which will become apparent through the

results presented and discussion of these.

Ahhough the experiments involved employment of N2 gas and water vapour, results of these

experiments will be related to observations experienced wtth real hydrocarbon gas (wet gas)

metering systems. This will be emphasised through theoretical considerations.
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EQUIPMENT AND METHOD

Experimental Test Loop

An outline of the test loop arrangement is shown in Figure 1. Instruments and types are lisled

in Table 1. The list of instruments in Table 1. is not entirely included in Figure 1, simply for

reasons of diagram clarity. The components are liste? in four groups (Table 1.) according to

their order of appearance on the test loop, commencing at the lower loop line furthest away

from the gas blower motor. The main loop is constructed of 4" carbon steel pipe except for a 2

m long section of 6" pipe in the lower loop line and a 4" stainless steel water cooling section in

the upper part of the loop, downstream of the blower. The totaf length of the loop is approx.

30 m, and a 11 kW blower fan impels the gas in the flow direction indicated by arrows in Figure

1 .

The dens~omet~rs are placed in the lower part of the loop which is insu lated with 50 mm

Rockwoof .ano aluminium shielding on the outer surface. All instruments are placed inside

insulated and removable aluminium boxes except for the two Sarasota 10 771 density meters.

The upper part of the loop, which contains the flow meter section, is equipped with a

removable aluminium shielding to protect against unwanted heating or cooling by variable

weather conditions (i.e. cloudy - rain or partly cloudy - sunshine).

The shielding and isulation provide for stable temperature control during experimental runs

(+ 0.5 to 1 OC). The temperature in the loop is balanced by the heat gained from the blower

motor, heat removed by the cooler and heat loss to the ambience.

The Solartron densnorneter is mounted in a thermowell pocket in the 6" section of the loop. A

1/4" tubing by-pass line provides the Solartron with gas. Ideally the by-pass gas is supposed

to be equilibriated with the loop temperature by heat exchange in the pocket. A special

sampler is installed at the by-pass inlet (600 cut end placed 1/3 diameter from the inner wall of

the 4" pipe). A moisture sensor was also installed in the by-pass to detect the water content of

the ntlrogen gas. The by-pass tubing was placed at the pipe surface inside the insulation to

provide minimal heat loss in the by-pass sample line. A temperature sensor was placed on the

exit side of the Solartron densitometer.

The Sarasota 10 771 Density meters were inserted into the main pipe line through 4"x4"x2"

reduction tees with 2" mounting flanges. The tees and these density meters were not

insulated, as was mentioned above.
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EXPERIMENTAL PERFORMANCE

The first set of test runs were performed with one Solartron in the by-pass. The second stage

of experimentation involved the use of two Sarasotas in the main flow line. In the following

section, only the Solartron experimental procedure is described, since this is fairly similar and

less complex in the case where both Sarasotas are examined for performance in a wet gas

environment.

General Experimental Procedure

Pure nitrogen (N2) was filled from bottles through a ball valve (see Figure 1) to a total pressure

of approx.45 bar. The blower was started and adjusted to just below max. speed (i.e. max.

input effect). The flow velocny in the test loop was varied in the region 2 - 9 m/s. The loop was

run with no cooling water at this speed until the loop temperature reached 60 to 65 0. The

inlet and outlet valves of the by-pass line to the Solartron were then closed, and a measured

volume of liquid water was injected through the water injection valve (see Figure 1) followed

by a small amount of nnroqen. Having filled the loop with a given quantity of H20, the loop was

operated at high temperatures to ensure maximum vapour pressure. The vapou pressure of
H20 is 42.42 mbar at 30 DC,and rises rapidly to 311 mbar at 70 DC.

Having filled the desired amount of water, the loop temperature was stabilised at approx. 650C •

by a slight reduction of the blower speed (i.e. the input effect), and the loop was run for

approximately one hour to let the injected water evaporate. The water cooler was not used in

this period as heat loss to the ambient air balanced the heat gained from the motor at the

prevailing conditions. After one hour in continuous operation the valves on either end of the

Solartron by-pass line were opened and the measurements were started.

A Hewlett Packard (HP) 86B computer with data aquisition unit was used for automated

instrument reading and data sampling. The denslty -, temperature - and pressure transmitter

signals were recorded by the computer every 60 seconds (chosen interval), and the data was

stored on discs. The measured pressure and temperature were used for calculations of the

density of pure nitrogen at the prevailing conditions. The calculated nitroqen density was

compared with the measured density of the water saturated nitroqen mixture in the loop.

Incipient condensation of water in the densitometer system could be recorded by slow (or

sudden) increases in the difference between the measured density by the Solartron and the
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calculated density for pure nitrogen. Increasing condensation would lead to density probe

saturation.

The experimental gas temperature was slowly decreased by decreasing the blower effecl (i.e.

the motor speed). In this operation the flow speed of the gas was reduced gradually and the

heat loss to the ambient air was sufficiently large to obtain a slow reduction in the loop

temperature. The cooler was not used in these experiments, firstly because temperature

regulation in the range above 40°C was dnficu~, due to low temperature of the cooling water

(approx. 7OC) during the experimental period, and secondly to prevent condensation and

larger loss of water vapour in the cooling section. During the experimental period the ambient

temperature varied dramatically.

If densitometer drift or saturation did not occur during an experimental period, the loop

temperature was increased to approx. 65°C, more water was added and the loop temperature

was slowly reduced in small steps according to the method described above.

EXPERIMENTAL MEASUREMENTS
A. MEASUREMENT USING SOLARTRON DENSITOMETER

Experimerlls were initiafly performed with dry N2 gas to compare densilometer data with

calculated values (from P-T measurements) and also with sample bomb measurements

(measurements by weighing of a 1DO() ml calibrated sample bomb). The results were in

excellent agreement relative to densitometer measurements. Sample bomb data were

accurate to well wtthin ± 0.1% and calculated density values (from PIT measurements) were

accurate within the range 0.15·0.3%, relative to Solartron densitometer data. These results

served as reference data for the following ·wet-gas· experiments.

Water was added to the N2 gas stream to represent condensation in a pipeline. All

experimental evaluations of the Solartron densitometer were checked against sample bomb

measurements. With increasing water content no dramatic Solartron meter readings were

observed, indicating that the densitometer was not experiencing "problems" due to

excessive condensation build-up on its vibrating sensor. After having subjeC1ed the entire

test loop to rigorous heating, cooling, and varying flow velocities, tt was then discovered that

the inlet line of the Solartron densitometer was responsible for this behaviour. The "bad"

design of the inlet line, namely a long length of tubing (6m) coiled around the main gas flow

line. experienced temperatures lower than that of the pocket mounted Solartron. This, in turn,
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enhanced condensation in the inlet tubing line, rather than in the Solartron, and furthermore,

acted as a condensation trap in the coiled part of the tubing. However, although this may act

as a condensation trap eleviating the densitometer from condensation "problems", after a

longer time in operation, the build-up in condensation would eventually be forced through to

the densitometer nseH,as was exhibited in the test loop.

The inlet by-pass tube length to the Solartron densitometer was shortened to its minimum

and thermally insulated together with the main gas stream pipe, resembling more closely the

field type situation. In the presence of water saturated N2 gas, the densitometer was

continually monitored while changes in flow-velocity and temperature were varied. Flow

velocity could be altered instantly, whereas flow temperature was a more gradually changing

function with time.

Figures 2, 3 and 4 show some typical data obtained from the Solartron density measurements

as a function of time (full line). The dashed line shows calculated density values based on

direct P-T measurements, for comparison with Solartron density measurements. All three

figures show any changes to the gas flow velocity by inclusion of a veloc~y curve as a function

of time (the lowest curve plotted in any of the graphs). The actual velocity value is of less

importance in this context. What is emphasised in the figures is the actual sudden change in

flow velocity. positive or negative, shown as a step up or step down on the curve profile

respectively. Furthermore, the figures also show a loop flow temperature curve (highest curve

plotted in any of the graphs) plotted as a function of time. The temperature curve shows

variations resuHingfrom either changes in blower effect (i.e. flow velocity), changes in ambient

temperature or due to water cooling in the upper part of the loop line. Figure 4 shows the

onset of condensation (or water droplets) appearing at the Solartron vibrating sensor as a

result of water cooling being applied in the loop line. In this same figure, one can observe that

the onset of the second largest density peak ( at approx. t = 7 hours) occurs as a direct

consequence of a sudden increase in gas flow velocity. Figures 2 and 3 show the beahaviour

of the Solartron resulting trorri changes in both gas flow velocity and ambient temperature

changes. Water cooling was not applied in these cases.

To summarise these results, first of all, there was obvious correlation between "observed"

condensation (sharp and large increase in measured density) and increasing flow rate.

Secondly, changes in the flow temperature, elther through water cooling in the top, part of the

flow loop or through changes in ambient temperature, were also correlated with "observed"

condensation in the densitometer. However, with higher ambient temperatures, the sharp

and large increases in measured density were less frequent. The final conclusion of
numerous experimental runs was that condensation was primarily experienced in the by-pass
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l22l2. such that the "observed" condensation in the Solartron could simply be associated with

liquid droplets in the by-pass line which would eventually be transported to the Solartron

instrument. A consequence of increased gas flow was the surge of water droplets appearing

in the Solart ron censnometer, Higher ambient temperatures acted mainly in reducing heat

losses from the by-pass line (which was pushed closely against the main gas line and very well

insulated). thus reducing condensation in this line.

Problem Solving

Employment of a Fisher filter (type 254 E) was one of the alternatives chosen to eleviate

densitometer condensation problems. When mounting this filter in line with the Solartron,

extra caution was exercised to ensure that both the input and output lines of the Fisher filter

were placed in the same horisontal plane as the Solartron input line. The test loop then

operated continuously, with well saturated gas flow in the pipeline, with extreme variations in

flow parameters attempting to provoke the appearance of condensation in the densnorneter.

However, over a longer period of time in operation, the Solartron densitometer exhibited no

irregularities in measured data. This indicated that the Fisher filter proved a valuable solution

to the condensation problem. Variations in ambient temperature were present during the test

period. However, none of this seemed to create condensation problems in the Solartron

instrument, since water droplets condenSing in the by-pass line were totally trapped by the

Fisher fi~er.

As a final test of the aforementioned solution. the sample bomb was coupled in the exit line of

the solartron denSitometer. The sample bomb was exposed to ambient temperature, while

the gas flow temperature was maintained at 500C. This was done to check whether there was

a presence of water vapour in the gas streaming through the densitometer. The sample

bomb. exposed to a much lower ambient temperature, would then induce condensation. This

simple test proved positive, i.e. having taken a sample of the gas streaming through the

densltometer, the presence of moisture was undisputed indicating that the gas was still

saturated with water vapour. However, this did not cause disturbances to the densitometer

sensor. particularly since there was a slight positive temperature gradient in the direction from

the Fisher IiIter to the densitometer.
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Effect of Orifice Plate

To investigate whether condensation collecting on the upstream side of the orifice plate was

directly effecting densltorneter readings. the test loop configuration was slightly modified.

The input line to the Solartron densitometer was derived from the top part of the main loop

line. downstream of the orifice.

With no water cooling applied to the gas pipe, the probability of condensing and

accumulating liquid droplets on the upstream side of the oritlce plate is minimal. This was also

exhlbited through experimental measurements, seeing that the highest temperature in the

gas flow was experienced just alter the drive motor implying that the gas flow would have its

lowest saturation level at this stage. Temperatures up to 70DC were measured in the lower

loop line in the vicinlty of the densitometer pocket mounting.

With water cooling applied in the upper loop line. temperature was regulated in the region

20-50DC. As a consequence, very large steps in measured density were observed. 10%

above the expected value, shown in Figure 4. This was due to gradual accumulation of

condensed water on the upstream side of the orifice plate which was eventually "forced"

through the orifice as mist flow and hence into the inlet line for the Solartron densitometer.

Any attempt to rectify this behaviour. i.e. "dry" the densitometer by raising the gas flow

temperature. proved unsuccesful.

This behaviour was also found to be dependent on changes in flow rate. An increase in flow

velocity was generally followed by a spray of liquid droplets passing through the orifice plate

and thus entering the Solartron inlet line.

In general, these experiments proved that the densitometer will be effected by condensed

water build-up upstream of the ormce plate.

As in the previous section. the Fisher fiHerwas connected to the Solartron input to tests for ~s

efficiency to rid the densitometer of any problems resuhinq from condensation. Yet again, this

simple inclusion of the finer seemingly performed extremely well. Condensation effects in the

densitometer were totally eliminated.
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B. MEASUREMENTS EMPLOYING SARASOTA DENSITOMETER

Two Sarasota densitometers (type 10771) were installed in the test loop, as shown in Figure

1. Unlike the previous pocket mounted Solartron densitometer, these were submerged
directly into the gas flow line. As in the above, water saturated N2 gas constituted the wet gas

flow in the test loop. The response of both densitometers was examined for perturbations

resulting from possible condensation through the instrument sensors. Also, it was desirable

to compare the performance of both instruments with regards to each other as well as with

calculated densities from standard P-T measurements.

At this stage, it must be pointed out that the loop sites chosen for the Sarasota densitometers

were not ideally positioned for direct comparison of their performance. Their positions were

chosen simply for practical reasons.

The experiments were performed, as before, with variation in flow temperature, varying

degree of water cololing, flow velocity and during changing ambient temperatures. As

according to Figure I, reference will be made to the two instruments, S11 and S12, in

agreement with their positioning in the test loop. Figures 5, 6 and 7 show the results of some

runs. These figures also include loop flow temperatures and flow velocity variations as a

function of time (as in the previous Solartron case). From these figures it should become clear

that correlations between densitometer response to condensaiton (sharp peaks) and

variations in flow conditions are not at all obvious. The first comment must be reserved for the

difference in frequency of condensation peaks between SII and S12. SII seemingly

experiencing much more frequent increases in density owing to the presence of liquid. This

was due to the difference in sites for the two instnuments, and will be discussed in more detail

in the following section. Secondly, the percentage increase in density was in the region

1 - 3 'Yo, an order of magnitude less than the Solartron densitometer (see previous section).

Thirdly, an increase in flow velocity could most certainly be correlated with condensation

peaks on S11 (increased measured density), this correlation being less prominent with S12.

Finally, inducement of lower flow temperatures through water cooling seemingly resulted in

condensation peaks on SII and occasionally on S12.

As a last observation, it is interesting to note that in the steady-state situation, the agreement

between measured densities by SII and S12 with calculated densities from P-T

measurements was much closer than was the case for Solartron density measurements.

All of the above observations will be discussed in the following section, also through

theoretical considerations of flow.
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DISCUSSION and CONCLUSION

To enable a clearer understanding of the results and observations from the previous section,

some attention must be given to the flow aspects in the test loop. Also it will be necessary to

consider the size of the water droplets in the flow stream and compare this to expected

droplet size in condensing natural gas.

The determination of the dominant flow regime in the test loop is fairly ditticult, particularly

since the quantity of liquid present was so small (few hundred ml's in a 220 I volume).

However, it is not unreasonable to claim that the flow regime is in the mist region with

sporadic "agglomeration" of liquid droplets. What complicates this is the fact that too many

variables are applicable in the test loop. To induce condensation in the test loop it was

necessary to lower the flow temperature either through reduced blower effect or by applying

water cooling in the top section of the test loop.

By cooling the flow stream, condensation will gather along the inner pipe wall. This is then

transported either as mist flow or in an annular flow mode, until any "obstructions" are reached

such as e.g. flanges, valve ports, the orntce plate, etc.

At the orifice plate, accurnutatlon of condensed particles will occur, particularly if water cooling

is applied. This accumulation will continue until there is sufficient liquid to be forced through

the orifice in the form of mist flow (droplets). If the flow rate is increased, the former state can

be achieved much more rapidly, or even immediately.

The mist flow will be transported towards the first of the Sarasota densitometers, S12, and will

inevitably cause perturbations in the metering data. However, the frequency of this situation

is fairly low and is most definately coupled with the gathering of liquid droplets at the oritice

plate. This is somewhat different for the second Sarasota densitometer, SII. Prior to

reaching SII, the test flow line includes a length of pipe of diameter 6", i.e. the diameter

changes from 4" to 6"and finally back to 4". (The 6" pipe section sites the pocket mounted

Solartron). Upon entering the 6" pipe section, droplets transported in the mist (or annular)

flow, can precipitate and settle at the lowest point in this tubing section. This resuns from the

sudden drop in flow velocity. Again there will be a build-up of liquid, similarly to the situation

described at the orijice plate. At the other end of the 6" tubing, the liquid collects at the "step-

up" point, transition to the 4" diameter pipe, and eventually a spray of mist flow emerges prior

to reaching the second Sarasota, SII. This occurs in either of the following cases:

1. upon achieving sufficient liquid build-up at constant flow rate conditions,

2. as a direct consequence of increased flow rate.



The 8th North Sea Flow Measurement Workshop - October 1990, Scotland
Dr. S.Kostic et aI. - ROGALANOSFORSKNING 10

The above description of condensation appearing at S11 and S12 as a consequence 01fluid

flow state is in total agreement with measurement data such as was shown in figures 5, 6 and

7.

The difference between Solartron density measurements and calculated values from poT

measurements was, as mentioned earlier, more significant than in the case of Sarasota

density measurements. Which of the measurements (direct density or from PoT

measurements) should be favoured as more correct is an academic debate that will not be

discussed in this document. This stight discrepancy was observed wHhtwo dHferent, and well

calibrated Solartron instruments. Calibration was therefore excluded as a possible source of

error. However, it was suspected that the Solartron temperature was slightly lower than the

real gas fiow temperature, thus giving rise to higher density measurements. The gas entering

the Solartron was partly cooled during ns passage through the by-pass line. This was one

source of error. Secondly, it was suspected that the bulk metal housinq of the Solartron

contributed further to this gas cooling process, even though there was good overall

insulation surrounding the instrument. Mhough it may be regarded unethical, a fan heating

element wasptaced inside the insulation compartment siting the instrument. This heater was

thermostatically controlled, through feedback from the actual gas ftow temperature within the

main loop line. This was done in order to continuously equilibriate the temperature within the

main flow line with the temperature surrounding the main bulk body of the Solartron

instrument and the by-pass line inlet to Ihe Solartron. This simple test resulted in excellent

agreement with data calculated from direct poT measurements. It also confirmed that there

was some heat loss through the Solartron bulk metal body aswell as through the by-pass inlet

line, thus contributing to very small inaccuracies in meter readings.

It must be pointed out that there are certain shortcomings resulting from both pocket

mounted Solartron densHometers as well as with direct mounted Sarasota densitometers.

The object of these experiments was not to compare the performance of Solartron with

Sarasota. However, as has been shown in the previous sections, condensation problems can

be cured in the Solartron case by the use of Fisher filter, although there may be some

inaccuracies in the measured densities due to stight temperature losses through the

instrument itself. Also the need to have a separate by-pass line adds on to the

aforementioned effect. The Sarasota, however, will be directly effected by JmY. amount of

condensation present, and will therefore respond more frequently in unrealistic increased

measured densHies, simply due to the fact that it is ptaced directly in the main flow of gas.

Furthemnore, it is more difficult to deal with this problem through e.g. filtration, etc., as in the
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case of the Solartron. However. when in a steady-state flow situation, the Sarasota had the

advantage of being placed inside the flow of gas. thus showing excellent agreement with

densities from direct P- T measurements. The orifice plate itself created condensation

difficulties for both types of densnorneters, perhaps more so for the Sarasota as ~ is placed

directly in the flow of gas.

Finally. some discussion must be directed to the d~ferences in real hydrocarbon fluid systems

as compared to the presently studied N2-H20 fluid system.

The critical Weber number is basically the ratio between the force trying to split a liquid droplet

and the force attempting to maintain the spherical shape of the droplet. The maximum size of

a liquid droplet. Dmax. in the gas flow can be expressed by the critical Weber number. Weco

according to the equation (Hinze, 1955):

U2'P'Dmax
Wee = -------------------

0'

(1 )

where U is fluid velocity. P is density and 0' is surface tension.

The magnitude of Wec is approximately constant and independent 01 the fluid properties.

The maximum droplet size in the test-loop situation can therefore be related to the field

situation by use of (1) as in the following:

= 1 = (2)
( Uf2 • PI • Dmax(f» / 0'1

where subscript L indicates the loop situation with a N2-H20 fluid system and f indicates the

field situation with real hydrocarbon gas + condensed liquid. Equation (2) can be rearranged

to:

Q.nax (l) uP Pf
= • (3)

Dmax(I) PL
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The response of the densitometer to mist particles condensing on its vibrating membrane will

be proportional to the mass of those particles. The particle mass is related to the liquid density

and particle volume by the equation:

(4)

where V IX 03. In other words, M is proportional to the cube of Omax. The ratio between

the mist particle masses in the loop and in the field type situation is described by the following

equation:
Dm",,(l) 3

a -----
Om"" (f) 3

Pl (~
• (5)

Mf P f (~

where subscript (I) refers to the liquid phase (density).

The ratio between the densities on the right hand side of equation (5) is typically of the

magnitude 1.2 to 1.5. Using typical test loop data and field data. the magnitude 01 the ratio

between the droplel sizes in equation (3) will be in the range 5 to 100. This implies that

when this ratio is cubed as in equation (5), the ratio of particle masses is obtained and lies in a

range of the order 102 •1()6.

From the above considerations, it should be fairly obvious that the impact of water droplets on

the densitometer sensors will be considerably greater than is the case for natural gas.

Therefore, the build-up in measured density resulting from Ihe arrival of liquid droplets at the

meter sensor is much more sharp in the present test loop situation (see figures 2 - 7). In

general, this does not apply to field type measurements where it is often observed that the

increase in measured density can be a very gradual function of time. However, this drastic

difference in behaviour between field and loop measurements, can be viewed in a positive

sense. The appearance of liquid droplets on the meter sensors in the test loop will be

recognised atmost immediately due to the large deviations in meter readings, directly

associated with "condensation problems". Also. such a simple lIuid system is not 1QQ

sensitive to changes in loop flow parameters. thus allowing large variations in e.g.

temperature and velocity etc. to be included during experimentation for an improved

understanding of condensation effects in metering of gas. The behaviour of natural gas

would be much more complex and sensitive to large parametric variations in a flow loop/line. It

is therefore much easier to study condensation and parameters effecting it in our simplified

loop system with N2 - H20 fluid. From this it is also possible to predict the behaviour of a similar

system employing real natural gas lIuids, without necessitating the use of these fluids and the

complex behaviour that they may exhibit.
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As a final remark. the wettability of the densitometer sensors with H20 or condensed natural

gas is very much different. Therefore, once the sensors have been subjected to

condensation, in the H20 case it will be much easier to rid the sensor of liquid present than in

the case of natural gas. It is desirable to perform the final loop tests and experiments in a real

hydrocarbon gas system.
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Table 1. Gas test loop instrumentation with some symbols as used in Figure 1.

INSTRUMENTS COMMENTS

i) Sarasota ID nl density meter S12 in Figure 1

ii) Pressure transmitter·

iii) Temperature trsnsmtter ••

iv) AGAR HC 900 Density Converter

i) Solartron 781On811 densitometer

ii) Pressure transmitter'

iii) Temperature transmitter"

iv) Solartron 7940 Signal Converter Also usedw~h S11

i) Sarasota IDnl dens~ meter S11 in Figure1

ii) Pessure transmitter •

iii) Temperature transmitter"

iv) Solartron 7940 Signal Converter Also usedwith Solartron

i) Daniel Flangeneck MT-075-DS
orifice flow element.

ii) Differential pressu re transmitters
type Daniel Model 1151
0-100 and 0 - 200 in. H20 Prange.

iii) Pressure transmitter •

iv) Temperature transmitter'

v) Daniel dual range flow oomputer
Model 2272.

• Pressure transmitters: Daniel Model 215 AH, reange 0 - 2000 psig .

.. Temperature transmltters: aniel Model 415, range 0 - 150 F.
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