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ADJUSTMENT OF WESTON SWITCHBOARD 
WATT METERS AND V ARMETERS 

SWITCHBOARD wattmeters 
and varmeters are generally 

used with external current and po
tential transformers to measure 
watts and vars. To adjust the in
struments independently, it is nec
essary to compute the full scale 
wattage adjustment from the known 
scale range, transformer ratios and 
connections. 

In the simple case of a single
phase wattmeter connected in 
single-phase two-wire circuit with 
transformers, the wattage adjust
ment of the instrument itself is 
equal to the scale range divided by 
the transformer ratios. For ex
ample, the adjustment of a watt
meter having a 5-kw scale and 
using a 460:115-volt potential trans
former and a 10 :5-ampere current 
transformer is: 

Full scale = !'~O~ =625 watts 

Since the transformers are range 
extenders, and multiply the instru
ment range by their ratios to give 
the scale range, the adjustment is 
the reverse of this or the scale range 
divided by the transformer ratios. 

The instrument can be adjusted 
by connecting it directly to a 625-
watt load along with a suitable 
wattmeter as a standard, or it can 
be adjusted by passing a current 
through the current circuit and im
pressing a voltage across the poten
tial circuit with the current and 
voltage kept in phase with each 
other and their product equal to the 
wattage adjustment. This is easily 
done with direct current since 
Weston switchboard wattmeters are 
of the air core electrodynamometer 
type and indicate accurately on 
either a-c or d-c. The latter method 
is used in the Weston Laboratory 
since any range instrument can be 
adjusted using the same standards 

as used for calibrating ammeters 
and voltmeters. 

Safe adjustment limits have been 
set for all voltage and current cir
cuits of switchboard wattmeters 
and varmeters. Most of these in
struments have a normal rating of 
115 volts, 5 amperes. The adjust
ment wattage for a single-phase 
wattmeter has been established for 
this rating at 460 watts minimum 
and 750 watts maximum. The limits 
for other voltage and current ranges 
are in proportion to the 115-volt, 
5-ampere values. For example, the 
limits for a 230-volt, 5-ampere 
instrument are 920-1,500 watts and 
for a 115-volt, 2.5-ampere instru
ment are 230-375 watts. Also, when 
the zero on the scale is at other than 
end scale, the same limits apply to 
the total scale; that is, the sum of 
the two end scale adjustment watts 
must be equal to or greater than the 
low limit and the greater end scale 
adjustment watts must be equal to 
or less than the high limit. 

The low limit is required to limit 
the current in the moving coil and 
series resistance to safe values. If 
the adjustment wattage is allowed 
to go too low, the series resistance 
will decrease to a point where the 
moving coil and series resistance 
may become overheated in use. 
Where the power factor of the cir
cuit is low and it is necessary to ad
just the wattmeter to a value below 
the safe limit, the series resistance 
can be increased by using more 
turns on the field coils, although this 
procedure does limit the current 
overload capacity. 

The high limit was chosen to pre
vent overloading the current circuit. 
A 5-ampere, 115-volt instrument 
adjusted to 750 watts will require 
115 volts and 6.52 amperes at unity 
power factor for full scale deflection. 
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If the power factor goes below 
65 per cent, more than 10 amperes 
will be required for full scale deflec
tion at 115 volts. Since this is 
greater than the safe overload of 
100 per cent, field coils having a 
higher normal rating are used for 
such applications so that the adjust
ment comes within the limits set 
for the higher range field coils. 

The same limits apply to single
phase varmeters with the adjust
ment in vars computed in the same 
manner as for the wattmeter. 

Single-phase wattmeters used 
with two current transformers in a 
single-phase three-wire circuit with 
balanced voltages require special 
consideration. Referring to Figure 
1, it can be seen that the current 
transformers are connected so that 
the sum of the secondary currents 
will flow through the instrument 
field coils. This current may be 
twice the normal secondary current 
from each transformer for balanced 
load. Hence the current circuit rat
ing should be 10 amperes normal 
when used with 5-ampere current 
transformers. When computing the 
adjustment, the current transformer 
ratio is equal to the primary rating 
divided by twice the secondary rat
ing, since the secondarycurrents add. 

For example, assume that a 
single-phase wattmeter having a 
range of 230 volts and a scale of 
20 kw is connected to a single
phase three-wire system using two 
current transformers each having a 
ratio of 100 :5 amperes. The current 

t f 
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d . t . h 20,000 a JUS ment IS t en --W- or 2,000 

watts. The instrument will have a 
rating of 230 volts, 10 amperes 
normal and the adjustment of 2,000 
watts is within the limits of 1,840-
3,000 watts (four times 115-volt, 5-
ampere values) set for this rating. 

One-Element, Three-Phase 
Three-Wire Wattmeters and 

Varmeters 
A single-element wattmeter is 

of ten used to measure the power of 
a balanced three-phase three-wire 
system. This can be done by means 
of a three-resistor network con
nected to form an artificial Y with 
the potential circuit of the instru
ment as one section of the network. 
The other two sections each have 
the same resistance as the instru
ment, and the voltage across the in
strument is then equal to the phase 
voltage or voltage to the artificial 
neutral. The current circuit of the 
instrument is connected in the same 
line as the potential circuit and the 
instrument indicates the power of 
one phase. The instrument is scaled 
in terms of the three-phase watts 
which is three times that of one 
phase. When computing the adjust
ment watts, it is necessary to divide 
the scale range by three as well as by 
the transformer ratios. The adjust
ment limits and adjustment are the 
same as for the single-phase instru
ment having a potential rating 
equal to the phase voltage. The po
tential circuit resistance of the in
strument is measured after the 
instrument is adjusted, and the two 

3 2 
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resistors forming the remainder of 
the network are each made equal 
to this resistance. 

It also is possible to measure the 
power in a balanced three-phase 
three-wire system by connecting a 
single-element instrument to two 
current transformers connected as 
shown in Figure 2. The voltage 
measured is the line voltage and the 
current measured is the line current 
times ...;3. Since the three-phase 
power is ...;3 times the product of the · 
line voltage, line current, and the 
power factor, the adjustment watt
age is equal to the scale range 
divided by the product of the trans
former ratios. Note that the current 
rating of the field coils should be 
increased to 10 amperes when 5-am
pere transformers are used and the 
adjustment limits of the 10-ampere 
single-phase instrument will apply. 
Adjustment is done the same as for 
the single-phase instrument. 

A single-element instrument can 
be used to measure the vars in a 
balanced three-phase three-wire sys
tem by connecting the potential 
circuit across lines 1 and 3 and by 
connecting the current circuit in 
line 2. Since ...;3 times the product 
of line voltage, the line current and 
sin </> is required for three-phase 
vars and since the instrument 
measures the product of line volt
age and the line current, the scale 
range must be divided by ...;3 as well 
as by the transformer ratios to 
obtain the adjustment. The instru
ment is adjusted the same as the 
single-phase wattmeter and the 
same adjustment limits apply. 

Figure 1-0ne-Element Wattmeter connected to a Single-Phase Three-Wire 
System by means of Two Current Transformers. 

Figure 2-0ne-Element Wattmeter connected to a Three-Phase Three-Wire 
System by means of Two Current Transformers. 

December 1950 
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Two-Element, Three-Phase 
Three-Wire Wattmeters 

Two-element, three-phase three
wire wattmeters are treated in the 
same manner as single-phase in
struments. The adjustment in watts 
is equal to the scale range divided 
by the transformer ratios. The ad
justment limits are higher than the 
single-phase instrument and are 
725 watts minimum, 1,500 watts 
maximum for the 115-volt normal, 
5-ampere normal instrument. When 
the zero is at other than end scale, 
the sum of the two end scale adjust
ment watts must be equal to or 
greater than 725 watts and the 
greater end scale adjustment must 
be equal to or less than 1,500 watts. 
The limits for other ratings are in 
proportion to the current and 
voltage ratings. The reasons for 
these limits are the same as for the 
single-phase wattmeter. 

Each element of the two-element 
wattmeter is adjusted separately to 
the full value of watts computed for 
the adjustment. As an example, sup
pose a two-element wattmeterwith a 
scale range of 800 kw is connected 
to a three-phase three-wire system 
using two potential and two cur
rent transformers having a rating 
of 2,300 :115 volts and 200 :5 am
peres. The adjustment is then: 

800,000 
20 X 40 = 1,000 watts 

Each element is then adjusted 
separately to full scale by connect
ing it to a 1,000-watt load or it can 
be adjusted by applying a d-c volt
age of 100 volts to the potential 
circuit and by passing a direct cur
rent of 10 amperes through the cur
rent circuit. The polyphase adjust
ment can then be checked by con
necting the instrument to a 1,000-
watt polyphase circuit or it can be 
checked on direct current by con
necting the potential circuits in 
parallel and the current circuits in 
series and applying 100 volts and 
5 amperes. This is the equivalent of 
500 watts per element or 1,000 watts 
total which is the adjustment watts. 
The polyphase adjustment can also 
be checked using a single-phase load 
of 500 watts by connecting the 
potential circuits in parallel and the 
current circuits in series as done 
for the direct current test. 
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Figure 3-Two-Element Varmeter connected to a Three-Phase Three-Wire System by means of Y 
Resistor Network and Two Potential and Current Transformers. 

Two-Element, Three-Phase 
Three-Wire Varmeters 

Two-element, three-phase three
wire varmeters used with combined 
phase shifting and autotrans
formers are identical to the watt
meters except the scale caption is in 
vars. The adjustment is computed 
in the same manner and the instru
ment is usually adjusted without 
the phase shifting autotransformer 
to the equivalent value of watts 
since this transformer supplies the 
same value of voltage at a 90° phase 
angle from the voltage used when 
the instrument is connected as a 
wattmeter. 

When the two-element varmeter 
uses a special resistor network to 
supply the voltage of the proper 
phase (see ENGINEERING NOTES, 
Volume 3, Number 3, Page 5, 
Figure 13), a special adjustment has 
to be made. The adjustment watts 
are computed the same as for the 
wattmeter and the value must come 
within the limits given for the two
element wattmeter. The adjust-

ment is then multiplied by ~S since 

phase voltage is being used instead 
of line voltage. Each element of the 
varmeter is then adjusted the same 
as for the two-element wattmeter 
using the computed value of ad
justment watts. A third resistor is 
then adjusted to the average value 
of the total resistance of each ele
ment and is connected to the re-

sistors and moving coils of the two 
elements to form an artificial neu
tral as shown in Figure 3. 

As an example, assume that the 
wattmeter specified previously is to 
be supplied with a scale of 800 kv 
and used with the same potential 
and current transformers. The ad
justment is then 577 watts. Each 
element is adjusted to this value 
and the total potential circuit re
sistance is found to be 1,400 ohms 
for one element and 1,450 ohms for 
the other element. A third resistor 
is then adjusted to 1,425 ohms and 
connected as shown in Figure 3. 

Two and One-Half Element, 
Three-Phase Four-Wire 

Wattmeters 
The adjustment of two and one

half element wattmeters is com
puted in the same manner as for 
the one and two-element watt
meters. The limits for the 115-volt, 
5-ampere normal instrument are 
1,450 to 3,000 watts, and have been 
established as described for the 
one-element wattmeter. 

The adjustment of these watt
meters is more complicated than the 
two-element type since it is neces
sary to adjust three elements. These 
three elements consist of an upper 
field coil and moving coil, a lower 
field coil and moving coil, and an 
upper and lower field coil connected 
in series and acting with the same 
two moving coils. (See Figure 4.) 
All field coils have the same number 

December 1950 
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Figure 4-lnternal connections of 21/2-Element 
Watt meter. 

of turns and if any one field coil and 
its adjacent moving coil is checked 
with the full adjustment watts, full 
scale deflection will be obtained. If 
two field coils and their moving 
coils are energized then one-half the 
adjustment watts are required for 
full scale deflection, and when all 
field and moving coils are energized 
one-quarter the watts are required. 
The actual adjustment is done the 
same as for the two-element watt
meter for the upper and lower ele
ments usi11g the one field coil. The 
element using the two field coils in 
series is then checked with both 
moving coils energized and with 
half the adjustment watts. It may 
be necessary to respace the field 
coils if full scale deflection is not 
obtained under this test since the 
only adjustment for this element is 
to move the field coils closer to or 
further away from the moving coils. 
During the adjustment it is neces
sary to overload the field coils be
yond their maximum rating to ob
tain full scale. This can be done for 
a very short period of time or the 
adjustments can be made at half 
scale using half the watts. 

Two and One-Half Element, 
Three-Phase Four-Wire 

Varmeters 

Two and one-half element var
meters used with autotransformers 
are handled in the same manner as 
the wattmeter. The autotrans
former supplies the same value of 
voltage as used for the wattmeter 
and, therefore, the adjustment can 
be made without using this trans
former. 

When two and one-half element 
varmeters are connected and ad-
December 1950 

justed to indicate vars without 
using an autotransformer, the ad
justment watts as computed in the 
regular manner have to be multi
plied by ..J3 since line voltage is 
being used rather than phase volt
age as for the wa ttmeter. The 
voltage rating of the potential cir
cuit will also be ..J3times that of the 
corresponding wattmeter, and the 
wattage adjustment limits as finally 
computed should fall within the 
limits for this voltage rating. 

Polarity 
When adjusting wattmeters and 

varmeters, it is necessary to know 
the polarity of the current and po
tential circuits for upscale deflec
tion. Figure 5 shows the instan
taneous polarity for upscale de
flection of the common types of 
Weston switchboard wattmeters 
and varmeters. 

cuit-carrying capacities. The range 
of the wattmeter is the adjustment 
watts as computed from the known 
scale range and transformer ratios. 
The instrument will indicate this 
wattage no matter how it is ob
tained. The voltage can be high and 
the current low or the voltage low 
and the current high and the power 
factor can vary from zero to unity. 
As long as there are watts to be 
measured, the wattmeter will indi
cate them provided it was adjusted 
correctly. 

Also remember that the two
element wattmeter uses line voltage 
and line current of a three-phase 
three-wire system and the two and 
one-half element wattmeter uses the 
phase voltage and phase current of 
a three-phase four-wire system. The 
varmeters require the same value of 
voltage displaced 90 degrees. To 
obtain this displacement, the two-

~± ~± 
~' ± ±~ 

~ ± ±~ ± ± V3 ~~~ ~± 
V2 V2 

I ELEMENT 2 ELEMENT 2 ELEMENT 
WATT 8VARMETER WATTMETER VARMETER 

2 112 ELEMENT 
WATT METER 

2 ~2 ELEMENT 
VAR METER 

Figure 5-Polarity of Weston Wattmeters and Varmeters. 

Conclusion 
The main thing to consider when 

dealing with wattmeters is that 
since they indicate watts the range 
must be given in watts. The voltage 
and current ratings of a wattmeter 
mean nothing as far as the indi
cation is concerned but are given for 
information only as to transformer 
secondary values and limiting cir-

element varmeter uses the phase 
voltage in place of the line voltage 
and the adjustment watts must be 
reduced bytheirratio (wattsX.577). 
The two and one-half element var
meter uses line voltage instead of 
phase voltage and the adjustment 
must be increased by their ratio 
(watts X 1.732). 
E. N.- No. 83 - R. F. Estoppey 
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THE MEASUREMENT OF TEMPERATURE FOR VOLUMETRIC 
DETERMINATION OF LIQUIDS IN STORAGE TANKS 
General 

THE effect of temperature upon 
certain materials may cause a 

physical change, such as expansion, 
or a change in electrical resistance. 
Both of these effects have been used 
to measure temperature-the ex
pansion effect as exemplified by 
the mercury thermometer, and the 
change in electrical resistance makes 
possible the resistance thermometer. 

In addition, when two different 
metals are joined together and heat 
is applied at one junction, a small 
voltage is developed which is de
pendent on the temperature differ
ence between the hot and cold junc
tions. This is known as a thermo
couple and, in order to use it to 
measure temperature, the cold junc
tion must be kept at a uniform 
temperature or means of compen
sation provided. 

The resistance thermometer is a 
simple device. Pure metals such as 
copper, nickel, silver, platinum, etc., 
change their resistance a specific 
amount for each degree of change 
in temperature-0.3933 per degree 
C from 20° C for copper. The 
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temperature coefficient of resistance 
of such materials remains constant 
within certain temperature limits 
for each material, provided it is 
properly treated. For example, cop
per cannot be used higher than 
about 300° F, nickel 600° F, and 
platinum 1,500° F, and still retain 
stability. 

Thermocouples measure the tem
perature at a spot, that is, the 
junction itself. The resistance ther
mometer measures the temperature 
of a length of wire and is therefore 
quite flexible as to form and space. 
When the wire is wound in a helix 
and inserted in a suitable tube, it 
becomes a "resistance bulb." 

To obtain temperature measure
ment, the resistance bulb is con
nected into a network such as 
a Wheatstone bridge. Voltage is 
applied to the bridge and the 
unbalance, due to resistance changes 
in the bulb caused by temperature, 
is indicated on an instrument which 
is calibrated in terms of temperature. 

Using a standard millivoltmeter 
as the indicating instrument, the 
accuracy of the resistance thermom
eter depends on the accuracy with 

,~, - u11---
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- - CJONE ROOF TANK-

Oil Level Selector 

Instrument lnstrumen1 

which the control voltage across the 
network is kept constant. The ratio 
meter, as exemplified by the Weston 
Model 918, will measure changes 
in resistance, and thus changes in 
temperature, with an accuracy that 
is independent of the changes in con
trol voltage usually encountered. 

Instruments 
a. For use with thermocou ples: 

Pyromilli voltmeters, as these instru
ments are called, are necessarily 
very sensitive. The millivolts avail
able depend on the difference in 
temperature of the hot and cold 
junctions of the thermocouple and 
on the materials of which it is made, 
being greatest for chromel-alumel 
and less for platinum-platinum 
rhodium. 

For high temperature applica
tions, say around 2,000° F, the 
millivolts available would be such 
that any d-c millivoltmeter capable 
of a sensitivity of 50 millivolts full 
scale could be used. A the tempera
ture for full scale deflection becomes 
lower, the millivolts are reduced to 
a point where only a very sensitive 
instrument such as the Weston 

FLOATING ROOF TANK 

PONTOON TYPE 

Oil Level Srlector 

Figure 1- lnstallation sketch of the resistance bulb assembly in a cone 
roof land storage tank. 

Figure 2- lnstallation sketch of the resistance bulb a ssembly in a floating 
roof tank. 

December 1950 
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Model 319 or 622 can be used. 
b. For use with resistance bulbs: 

About the only limitation that is 
imposed on the sensitivity require
ments for an instrument used as a 
resistance thermometer is the cur
rent that can be circulated in 
the network without causing self
heating of the resistance bulb. 
However, by properly selecting the 
basic resistance of the resistance 
bulb, practically any Weston d-c 
instrument can be used. This ap
plies, of course, only to those circuits 
where the bridge voltage is adjusted 
or otherwise held constant. 

At the moment, the Weston 
Models 727, 728 and 828 aircraft 
instruments and the Model 918 
Switchboard instrument are the 
only instruments available with the 
Weston ratio meter mechanism, 
and can therefore be used on 
variable voltage sources without 
requiring circuit adjustment. 
Pecember 1950 
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.A Figure 4- Modification of gaging cover on pontoon type floating roof 
tank to accommodate resistance bulb. 

~ Figure 3-Method of suspending resistance bulb from outer shell of 
pontoon type floating roof tank. 

Measurement 
a. Spot Temperatures: All of the 

applications of thermometers to 
date have been for the measuring 
of spot temperatures. The thermo
couple can be made smaller than a 
resistance bulb and consequently 
can measure the spot temperature 
of a very small object or small seg
ment of a process. All measurement 
and control of processing has been 
done by using spot temperatures 
and one problem has been to locate 
the thermocouple or resistance bulb 
in the processing where it will 
measure the representative tem
perature. 

When average temperatures are 
required, a number of spot tempera
tures are taken and the average 
temperature calculated. In order to 
simplify the procedure, usually at 
the expense of accuracy, an abbrevi
ated method or formula is sometimes 
used. The accuracy of this method 

depends on the number and location 
of the spot temperatures taken and 
the equipment used for taking these 
measurements and, in order to get 
good accuracy, a very complete 
study of the problem must be made, 
along with the equipment and 
methods fitted to it. 

b. Average Temperatures: Weston 
is the first to develop a resistance 
thermometer which will give the 
average temperature accurately in 
one reading. This reading may be 
continuous, for the guidance of 
processing, or taken as required. 
The problem was to develop a long 
resistance bulb with the resistance 
material evenly distributed over 
its entire length so that each incre
ment of temperature along the bulb 
would produce its proper share of 
the change in resistance of the entire 
bulb. 

These long resistance bulbs are 
wound with suitable wire in helical 
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form and enclosed in a tube with 
suitable electrical insulation. This 
assembly is then enclosed in a 
protective housing such as a flexible 
metal hose, or tube, or pipe. Such 
resistance bulbs have already been 
made from three to fifty-four feet 
long. An installation of this type is 
usually found where the average 
temperature of a mass of material 
such as air, gas, or liquid is to be 
measured and controlled. 

A single bulb can be used in tanks 
where the liquid level is constant 
or in long drying or baking ovens. 
An assembly of a number of bulbs 
of different lengths is required when 
the liquid level varies, as described 
in detail below. 

Applications 
There are many applications in 

industry where the average tem
perature of a product is the basis 
on which accounting records and 
operations are controlled. In the 
past, this information was obtained 
by taking a number of spot tem
peratures and averaging them arith
metically. The work involved in 
taking the readings and compiling 
the average is tedious and expensive 
and the method is subject to errors 
unless a large number of spot tem
peratures are taken. 

Petroleum Industry 
a. Storage. The volume of all 

bulk movements of petroleum prod
ucts is recorded on the basis of the 
volume at 60° F. The products are 
not maintained at that temperature 
during storage so that the stored 
volume has to be corrected accord
ingly to average temperature when
ever product is moved in or out of 
the storage tanks. 

The A.P.I. (American Petroleum 
Institute) and A.S.T.M. (Ameri
can Society for Testing Materials) 
have codes for determining the 
average temperature. When the 
level of oil is 15 feet or more, three 
readings are taken using oil cup 
thermometers, one three feet from 
the top, one at the mid-point, and 
one three feet from the bottom. 
When the level is between 10 feet 
and 15 feet, two temperature read
ings are taken, one 3 feet from the 
top, and one three feet from the 
bottom. If the oil level is less than 
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10 feet, one reading is taken at the 
mid-point. 

The code also specifies a minimum 
waiting time of five minutes for each 
position of the thermometer and 
this time may be extended to 20 
minutes for heavy oils where heat 
transfer is slow. The average tem
perature is calculated from these 
readings and that is the temperature 
used for calculating the volume at 
60° F. The level is obtained with a 
plumb bob and steel tape and the 
constants of each tank are known. 

The heavier oils are stored in 
tanks equipped with some method 
of heating the product, such as steam 
coils in the tank, or by circulating 
through a heat exchanger. This is 
necessary so that the viscosity is 
lowered enough to pump it. The 
temperature of a product varies 
from about 65° F at the bottom, 
below the heating coils, to a mid
point temperature which may be as 
high as 105° F, and the upper part is 
cooler in winter, due to the effects 
of outside temperature. 

Under these conditions, the aver
age temperatures taken according 
to the A.P.I. and A.S.T.M. codes 
are not accurate. In heavy fuel oils 
at the lower temperatures, tests 
have shown that the oil cup ther
mometer requires 55 minutes to 
reach an accurate reading. 

Heavy oils are normally stored in 
cone roof tanks. Gasoline and the 
lighter products are stored in pres
surized tanks, such as floating roof 
tanks, to reduce losses due to 
evaporation. The temperature of 
the product depends upon the out
side air temperature, and is colder 
in winter than in summer. Since the 
heat transfer through the lighter 
material is better, temperature read
ings taken according to A.P.I. and 
A.S.T.M. codes are more accurate 
than in the case of the heavy oils. 
However, since the product sells at 
a higher price, a small error on 
gasoline storage may represent the 
same dollars as the larger error on 
the heavier oils. 

Field tests have proved that the 
errors, when using oil cup thermom
eters according to code, may be as 
great as 10° Fon heated products. 
Since these measurements are taken 
from the top of the tank, under 
adverse weather conditions, it is 
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doubtful if a gager will wait for even 
five minutes for each of three 
readings. 

The percentage loss per degree F 
error may be low, but the tanks hold 
thousands of barrels so that the 
dollars accumulate quite rapidly. 
On one tank, where calculations 
were made, a 0.23 error on the total 
quantity moved in a year amounted 
to about $5,000.00. 

Averaging Resistance Thermom
eter for Land Storage Tanks 
A resistance bulb assembly for 

land storage tanks consists of a 
number of resistance units varying 
in length depending on the height 
of the tank and mounted in a single 
flexible tubing. For example, a cone 
roof tank, with 36 feet of oil in it 
when full, would use a bulb consist
ing of 9 units. The shortest unit 
would be 4 feet long and each suc
cessive unit 4 feet longer, the longest 
being 36 feet. Each resistance unit 
regardless of its length has a resist
ance of 100 ohms at 25° C. The 
outer protective tubing of the bulbs 
is a Yz-inch pipe size flexible bronze 
hose which is plugged at the bottom 
and terminates at the top with a 
short length of pipe, an elbow, and 
a threaded section of pipe with two 
flanges. The side of the gaging 
hatch riser is drilled and the assem
bly suspended in the tank. (See 
Figure 1.) 

There are two methods of install
ing this resistance bulb assembly 
on a floating roof tank: 

a. The resistance bulbs are as
sembled with all resistance units 
starting at the top. The assembly in 
the flexible hose is fastened to the 
roof and, as the roof goes down, the 
hose coils up at the bottom of the 
tank. 

This method requires either put
ting the tanks out of service or 
flooding the area with C02 during 
the drilling operation to prevent an 
explosion. Both of these safety 
measures are expensive. 

b. On installations that have been 
made, the assembly in the metal 
hose was prepared in the usual 
manner with all resistance uni ts 
starting at the bottom. This assem
bly was suspended from an arm 
fastened to the top of the tank shell 
so that it would pass through the 
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gaging hatch. The gaging hatch 
cover was removed, taken to the 
machine shop, and short lengths of 
3-inch and 1Y2-inch pipe were 
welded to the cover. The 1Y2-inch 
pipe was equipped with a bakelite 
bushing and the resistance bulb 
assembly passed through this pipe 
and was a loose fit. As the roof went 
up and down, the 1 Y2-inch pipe slid 
up and down on the flexible hose. 
(See Figures 2, 3, 4. ) 

Weston supplies the complete re
sistance bulb assembly in the bronze 
flexible hose. Coded flexible leads 
are brought out, one from each 
resistance unit, a common, and the 
third lead to neutralize lead resist
ance. The customer mounts a con
nection box and runs leads from 
there to the meter and selector 
switch location. 

On some installations, the meter 
and selector switch, together with 
6 volts of dry cells and switch, are 
mounted in a box at the foot of the 
stairs going up to the tank. On 
others, the meter box is mounted 
at the top of the tank, since the 
gager has to climb the tanks to get 
a level reading. 

Batteries have been used as a 
power source to avoid the necessity 
of running power lines into the tank 
farm. The batteries have shelf life 
and the energy in the resistance 
bulb arm of the bridge circuit is so 
low that the safety engineers at the 
refineries have approved it. 

Bronze flexible hose is used to 
house the resistance bulb assembly 
because the housing must be made 
of non-arcing metal so as to avoid 
any sparking. 

The Weston Model 918 instru
ment is calibrated in 1° F divisions 
and a scale of 60-180° F is recom
mended for heated products and a 
scale of 0-120° F for unheated 
products. 

The selector switch is captioned 
"Oil Level Selector" and each point 
is marked with the range of oil level 
covered by the resistance unit con
nected to that point. For example, 
with the resistance uni ts progressing 
in length by 4 feet, the point on the 
dial switch to which the 8-foot unit 
was connected would be marked 
8 to 12 feet. At the "O" position, 
there is a fixed resistance of zero 
temperature coefficient which gives 
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Figure 5-The Weston Model 918 Electrical Re
sistance Thermometer. 

N 0 TES 

Figure 6-The Oil level Selector Switch used 
with the Model 918. 

Figure 7-The bronze flexible hose shown here is used to house the resistance bulb assembly. 

a reading of 70° F on the scale of the 
meter. This provides a quick check 
on calibration. 

It is recommended that Number 
14 wire be used for all connections 
between the resistance bulb assem
bly and the dial switch and meter, 
provided the distance between them 
is notgreaterthan 500feet. However, 
smaller wire may be used for long 
runs provided the instrument is 
calibrated for this condition. 

Other Industries 
The petroleum industry is the 

only industry that has been explored 
in detail. However, there are other 
industries that store liquid products 
in volume and all liquids change 
their volume with temperature. 

a. Chemical Industry: Manufac
turers of industrial chemicals have 
large storage tanks and are inter
ested in temperatures. In some cases 

they sell in tank car lots and weigh 
the product. However, they check 
the storage tanks and should be 
interested in average temperature. 

b. Food Industry: Manufacturers 
of syrups store their product in 
large tanks and temperature is an 
important factor. 

Control 
In many instances such as in long 

drying ovens, blending operations, 
and the like, more desirable controls 
can be obtained using average tem
perature as a basis than by trying 
to locate spot temperature devices 
at a place which gives the effect of 
average temperatures. 

Averaging resistance bulbs can be 
used with sensitive relays or with 
Tag Celectray controllers. The Tag 
Celectray controller can be made 
in the ratio type to be independent 
of control voltage. 
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