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Accuracy of the Cutler-Hammer 
rimeter When Used With Gases 

Recording Gas Calo
of High Heating Value 

John H. Eiseman and Elwin A. Potter 1 

. The accuracy of. the. Cutler-Hammer re co~'din g gas calorimeter, when used with gases or 
h~gh heat~n g value, IS dlscuss~d. The st udy mcludes the preparation of a standard gas of 
high heatu;g value, a comparIson <;> f hydrogen and methane as calibrati ng gases, the efl'ect 
upon the mstrumen~ of changes m room and tank-water temperature, the in strum ent's 
accuracy when burl1lng propane, the effects of bleeder burner height and the effects of dif
feren ces ini~let gaspressure. It is concluded t hat .an accu.r:1cy of .0.25 'pe rce~ t, or even better, 
can be obtall1ed wILh the Cutler-H ammer calonmeter If certam precautlOns a re carefull v 
followed . ~ 

1. Introduction 

The tremendous increase in the distribution and 
use of natural gas during th e past few years and the 
change from a cubic foot to the therm, or heating 
value, ba is for the marketing of much of this fuel 
have caused many gas utility companies concern 
regarding the accuracy of the methods used for 
determining heating value. 

At present, there are two general methods for de
termining the heating value of fuel gases. The first, 
and older, is by means of the manually operated 
water-flow calorimeter . This type of calorimeter was 
investigated in considerable detail at the Bureau by 
Waidner and Mueller [1]2 some 40 years ago, and 
their publication is still a valuable reference work. 
A method of test for calorific value of gaseous fuels 
by the water-flow calorimeter has been adopted by 
the American Society for T esting Materials [2], and 
by this method an accuracy wi thin plus or minus 0.5 
percent can be obtained on gases of constant heating 
value. However , natural gas as delivered to con
sumers does not usually maintain a constant heating 
value and may vary over a wide range from day to 
day or even from hour to hour. 

With a water-flow calorimeter , a trained operator 
requires approximately 30 min for a determination 
of heating value. Operation at this rate around the 
clock would reflect approximately 2 min of sampling 
time every 30 min and would leave the heating value 
unknown for about 94 percent of the time. Conse
quently, a calorimeter giving an automatic continu
ous record is findin g more and more favor . At the 
present time, the only instrument of this kind on the 
market in this country is the Cutler-Hammer record
ing gas calorimeter, formerly known as the Thomas 
recording gas calorimeter. 

The Cutler-Hammer calorimeter has received wide 
acceptance in the gas industry. However , in the 
past most of its use has been with manufactured 
gases of low heating value. A number of studies of 
the accuracy of t his instrument on gases ranging 
from 500 to 700 Btu/cu ft have been made, among 
which is one by R S. J essup [3] of the Bureau. 

I Mechanical Engineer, Gas Inspect ion Bureau of the District of Columbia. 
2 Figures in brackets iudicate the literature references at the end of this paper . 

These studies have indicated thn.t an accmacy well 
within 1 percent can be obtained, provided the calo
rimeter is given the necessary care, and provided 
also that the heating value of the gas does not vary 
too rapidly. Today the majoriLy of the fuel gases 
used in. t he United States are of natural origin 
(predomm~ntly methane) an~ have heating values 
that are hIgher and more vaned t han those used in 
the previous studies. 

Because of t he impor tance of t his fundamental 
measurement to the gas-using public and to the gn.s 
industry, the Chemical Committee and the Promo
tion, Advertising, and R esearch Committee of the 
American Gas Association requested the National 
Bureau of Standards to undertake a study of the 
accm:acy of t he Cutler-Hammer recording gas 
calon meter for testing /?iases of high heating value. 

The Cu tler-Hammer instrument ha been designed 
to measure the total heating value of the usual 
commercial fuel gases. It is adapted to t he use of a 
particular gas by making simple changes in the re
co~'der ~cale and in the .ta~k unit's gear train, 
onfice SIzes, etc. The pr1l1Clple upon which the 
instrument operates is as fonows: Gas is burned at 
a constant r ate, and the heat developed is absorbed 
by a stream of ~ir. T he I~ates of flow of the gas, 
all' for combustIOn, and mr for the absorbing of 
heat are regulated by metering devices similar in 
design to the ordinary wet-gas meter. These 
metering devices are geared together and cLriven by 
an electric motor, so that the ratios of the rates of 
flow of gas, combustion air, and heat-absorbing air 
are constant. The gas meter is subj ect to inde
pendent change with respect to the tank water level 
in order to compensate for the wear of meter bearings 
and the accumulation of deposits inside the m eters. 
The products of combustion are kept separate from 
the heat-absorbing air and are cooled very nearly to 
the initial temperature of the air. The water formed 
in the. cOl!lbustion is condensed to the liquid state. 
:rhe I'lse m temper~ture of t he heat-absorbing air 
IS therefore proportIOnal to the total heating value 
of the gas. This rise in t emperatme is measllred by 
means of resistance thermometers of nickel and 
recorded graphically. 

The met,ers are mounted in a tank of water, 
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adjacent to a storage compartment of smaller capacity 
containing a reserve supply of water. A cam
operated water pump takes water from the water
storage compartment and delivers it into the main 
tank, where the excess flows over a weir and returns 
to the reserve compartment. Thus the water level 
in the main tank is automatically kept constant. 

A schematic diagram of the calorimeter is shown in 
figure 1, which was taken from the book of instruc
tions for the care and operation of the eu tler-

----
attached to the ou tside of the burner chamb er to 
promote heat transfer. The heat liberated in the 
combustion is nearly all absorbed by the heat- ' 
absorbing air, so that the products of combustion are 
cooled very nearly to the initial temperature of the 
air. The water formed in the combustion is con
densed to the liquid state and drops into the con
densate pan. To reduce heat loss the burner as
sembly is surrounded by a double-walled, nickel
plated jacket, between the walls of which the 
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FIG URE 1. Flow diagram of the Cutler-Hammer recording gas calorimeter. 

Hammer calorimeter [4]. Gas flows from the gas 
supply line through a pressure regulator and a 
pressure reducing orifice to the inlet chamber of the 
gas meter from which a part of it, approximately 85 
percent, escapes through a bleeder burner and the 
remaining 15 percent is taken up by the gas meter. 
The design of this part of the calorimeter is such that 
the resistance to flow of gas from the inlet chamber of 
the gas meter to the bleeder burner is small, so that 
the pressure in the chamber will be nearly the same as 
that of the atmosphere . Practically, the differential 
<loes increase somewhat as the inlet pressure of gas to 
the calorimeter is increased. After leaving the gas 
meter the gas is mixed with air from the combustion
air meter, and this mixture then flows to the calo
r imeter burner. Figure 2 is a schematic diagram of 
the burner unit. 
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The air from the combustion-air meter is caused by 
3ppropriate orifices to divide into three streams, two 
Df primary air (A and B, fig . 1), which enter the gas 
'stream at two points between the gas meter and 
burner, and a third, which flows up around the 
burner tube and constitutes a supply of secondary 
air for combustion. The burner is located in a 
-chamber that is closed at the top and open at the 
bottom, so that the products of combustion rising 
from the burner are deflected and caused to flow 
downward. The heat-absorbing air flows upward 
around the burner chamber past a system of fins FIGURE 2. Schematic diagram of burner unit and jacket. 
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heat-absorbing air -Oows after passing the outlet 
thermometer (the inlet thennometer being in the 
same stream of ail' before it reaches the burner 
assembly). The distance of the flow of this ail" 
between the walls of the jacket is regulated by a 
baffle (fig. 2) that can be adjusted to effect an in
crease or decrease in the temprrature rise of the heat
absorbing ail" and thus accomplish the desired reading 
of the instrument to coincide with the h eating value 
in Btu pCI' cubic foot of the gas used for calibration. 

The temperature rise of the heat-absorbing air is 
measUJ"ed by nickel resistance thermometers con
nected in adjacent arms of a Wheatstone bridge, 
which, with a specially calibrated slide-wire resistance 
S, is the measuring circuit of a Leeds & Northrup 
recorder. A diagram of this circuit is shown in 
figUJ"e 3.3 The equal ratio arms of the bridge are 

INLET OUTLET 

THERMOMETER THERMOMETER 

FIGURE 3. lVi1"ing diagram of 1"ecording system . 

shown at A and B. The adjustable resistance, Sl, is 
used to balance the bridge during the "cold-balance" 
adjustment of the recorder when the thermometers 
are theoretically at the same temperature. A recti
fier furnishes current for the system. Any lack 
of balance in the bridge causes a galvanometer 
needle to deflect, and this actuates the recording 
mechanism, which moves a contact along slide-wiJ:"e 

i resistance S so as to bring the bridge back into bal
ance. The position of this sliding contact is a 
direct indication of the temperature difference 
between the two thermometers and is recorded by 
means of a pen on a motor-driven paper roll, which 
is graduated in Btu per cubic foot, and which also 
accounts for time. 

Some of the factors that affect the accuracy of the 
calorimeter to a greater or lesser degree include 
changes in the temperature of the water in the tank, 
the kind and nature of the gas used for calibration, 
the degree of saturation of the gas sample (see 
appendix A), the inlet gas pressure, the bleeder 
burner height, the degree of permanence of the level 
of the water surrounding the meters (see appendix 
B), and the amoun t of free play in meter bearings 
and recorder parts , etc. 

The data obtained in this paper show that errors 
resulting from such effects may be considerably 
larger than might be expected from the precision 

3 An explana tion of the identifying letters or numerals shown on figure 3, but 
not referred to in this paper , will be found in the Cutler-Hammer Instruction 
M anual [4). 

attained in calibration of the calorimeter. A knowl
edge of the effect of SllCh factors is essential to keeping 
the over-all error of meaSllrement to a minimum. 

In planning this wmk the themy behind the design 
of the calorimeter was carefully examined, bu t as 
an analysis of the theory had been published in a 
previous Bureau paper it was felt that only brief 
reference to such theory was requil"ed in this study. 
It was decided that the invest igation should be 
concerned mostly with the functional accurac:v of 
the instrument when operating under nmmal or 
field conditions. In order to save time, some of the 
field conditions were artificially created. 

The authors conducted all of the tests made dming 
this study under carefully controlled conditions of 
temperature. Most of the tests were made at the 
National Bureau of Standards, bu t some werc re
peated in the temperature controlled laboratory of 
the District of Columbia Gas Inspection Bureau, 
and some in the testing room at the Cu Ller-Hammer 
factor\{. 

At "the Bureau, the area con tainin o· Lhe caIOl·i
meter and all accessory equipment was suitably 
enclosed and thermostatieallv controlled air-condi
tioning equipment was instalfed, by means of which 
any room temperature between 50 0 and 1000 F could 
be maintained within ± 1 dcg F. The reb,tive 
humidity in the enclosure ,vas controlled by means 
of a humidistat. Figures 4 and 5 show two views of 
this air-conditioned enclosure. 

Devices were also installed to permit the main te
nance of any desired temperature of the water in the 
calorimeter independently of room temperature. In 
the tank unit, temperatures above that of the room 
were maintained by conduction of h eat from the 
auxiliary tank as its water was heated by submerged 
copper coils through which hot ",,rater was circula ted 
from a thermostatically controlled source adjacent 
to the tank unit. Temperatures below that of the 
room were maintained by conduction of heat from 
the main tank to the auxiliary t ank as its watCl" was 
cooled by circulating cold waLPr through Lhe same 

FIGU RE 4. A ir-conditioned calorimeter room. 
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FIGURE 5. Air-conditioned calorimeter room. 

submerged coils. Such changes in water temper
ature were effected slowly, in order that they might 
be accomplished uniformly. As a result,. s.imul
taneous temperature measurements at different 
locations in the tank unit showed no differences. 

Measurements of existing temperatures were de
termined at appropriate locations by means of 
copper-constantan thermocouples, accompanied in 
some instances by accurate mercurial thermometers 
graduated in ten~hs of degr~es. ~he room temper
ature was determmed at a pomt adjacent to the tank 
unit and 53 in. above the floor by a thermocouple and 
by a thermometer. Temperatures relating to the 
tank unit were determined at five points by thermo
couples: (1) the inlet thermometer, (2) the outlet 
thermometer (3) the water in the main tank (which 
water was co~stantly but gently stirred by an electri
cally driven device, in addition to the mixing engen
der'ed by the movement of the several meters), (4) 
the air under the tank cover, adjacent to the heat
absorbing ail' meter, and (5) the products of com
bustion as they left the burner assembly. The cold 
junctions of all thermocouples were kept in an ice 
bath. 

The procedure used in conducting tests was, first, 
to establish a desired equilibrium room and water 
temperature. Next, the condition of the calorimeter 
and the recorder was cheeked to make certain that 
all parts were in pr~per me.chanical adju~tment. 
Special care was exerClsed to msure such things as 
constant inlet gas pressure, uncontaminated ro?m 
air cleanliness of orifices and burner parts and shde 
wii;es, proper burner assembly and freed;om from 
leaks, proper overflow of water at the Well', proper 
air-gas ratio, agreement of recorder scale and chart, 
correct mechanical balance, cold balance, etc. [4]. 

Temperature readings at all listed points were 
recorded at the beginning and end of each t esting 
operation, with frequent observatio~s iI;. between, 
in order to evaluate the recorder readmg m terms of 
the possible temperature factors affecting it. For 
example, a series of readings was taken just before 
the actual calibration procedures were begun, to 
insure that equilibrium temperature prevailed, the 

.... ~4 

temperatures were then watched during the warmup 
period of the calorimeter until the maximum change 
in recorded heating value of that particular test was 
reached. At the conclusion of the test all tempera
ture readings were again recorded. 

Because of the over-all purpose of this study, it 
was agreed that it would be essential to use for cali- i 
bration and testing purposes a gas with a heating 
value in the range of the usual natural gases, and 
that the heating value of such a gas should be known 
to a degree of aecuracy at least one order of magni
tude greater than that expected from the calorimeter 
itself. The advantages of such a gas would be: 
(a) its ehemical and physical properties approximate 
those of the natural gases usually tested by the 
calorimeter; (b) its use would not modify the normal 
operation of the instrument, i. e., it could be intro
duced into the calorimeter without the need of chang
ing its gears and varying the speed of rotation of the 
gas meter,4 without disturbing the level of the water 
at. the weir, with the least chancc of introducing an 
error due to contamination of the calibrating gas 
with constituents of fuel gas dissolved in the water 
in the gas meter, and without changing the bleeder 
burner or influencing t emperatures under the tank 
cover; (c) it would serve as a check on the suitability 
of hydrogen as a calibrating gas, because hydrogen 
does not have the advantages listed under (a) 
and (b). 

2. Preparation of a Standard Gas of High 
Heating Value 

Because methane is the chief constituent of natural 
gas, a pure methane would be an ideal gas for use as 
a standard. A supply of natural gas consisting of 
nearly pure methane, and containing much smaller 
amounts of other constituents than the usual run 
of natural gas, was obtained from the Southern 
California Gas Co. It was hoped that an analysis 
of this gas by means of the mass spectrometer would 
make possible the calculation of the heating value 
with the desired accuracy. Unfortunately, because 
the several constituen ts pres en t produced overlap
ping spectra which introduced too much uncertainty 
for an accurate calculation, it was found necessary 
to purify this gas further even though all of the 
impurities totaled less than ~ of 1 percent. The 
analysis of the California gas as received was as 
follows: 

Methane (CH,) __________ _________ ____ ____ ______ _ 
Ethane (C,H 6) __________________________________ _ 

Nitrogen (N ,) __________________________________ _ 
Propane (C3H S) _________ ______________________ __ _ 
Prop y lene \ C3 H 6) _______________________________ _ 

Butane (C4H IO) _____ _ __ __ _______________________ _ 

Carbon dioxide (C02) _________ _ _ _ ________________ _ 

Percent 
99. 67 
O. 15 
. 04 
. 07 
. 02 
. 02 
. 03 

4 'l' he method of calihration of the calorimeter recommended by the manufac
turer makes use of nearly pure h ydrogen as the standard gas. Because the heat
ing value of hydrogen is much lower than that of most fuel gases, the speed of the 
gas meter is increased in the hydrogen test by appropriate changes in the gear 
train connecting it with the driving motor so as to bring the recorder reading into 
the range of heating values normally met with in measurements on fu el gases. 
Calibration with hydrogen also involves other changes in the instrument (see 
text p . 219). 
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In order to calculate the heating value of this gas, 
with the desired accuracy, all of the ethane and 
carbon dioxide should be r emoved, and it would be 
desirable also to remove the propane, propylene, and 
butane . In short, it was hoped to remove every
thing except the nitrogell , which itself would not 
interfere with an accurate analysis . 

It is well-known that activated coconut charcoal 
adsorbs carbon dioxide as well as ethane and higher 
hydrocarbons at room temperature, and that the 
adsorption is improved as the pressure is increased. 
The apparatus that was built to utilize the adsorbing 
power of activated coconut charcoal is shown in 
figure 6 and consists of the following essential parts: 
Four purifying towers (A), connected in series, each 
with a capacity of 214 cu in.; a manifold (B) with 
valves for connecting cylinders to either the inlet 
(I ) or the outlet (0 ) of t he purifiers; a condenser (C) 
for condensing the gas by means of liquid nitrogen 
contained in the Dewar :fl ask (D ), which :flask can 
be raised or lowered around the condenser by means 
of an adjustable platform; a vacuum pump con
nected to the manifold at (F ) for evacuating Lite 
ent ire s~Tstem; and pressure gages (G) Jor observing 

FrC U HE 6. AppamtltS Jor adsorbing heavy hydrocarbons. 

the pressure in the system. A valve (H ) is used to 
divide the manifold in Lo two parts so that the supply 
cylinder (S), the condenser (C), and the inlet to 
the purifiers can be separated from the outlet from 
the purifiers and Lhe one or more receiving cylinders 
represented by (R ). The first purifying tower on 
the left is filled with a desiccant (silica gel) and the 
other three with ac tivated coconut charcoal (6 to 8 
mesh) . Each towel' is wrapped with a heating coil 
of sufficient capacity to heat the tower and its eon
tents to a tempera turc of 150° C for the purpose of 
reactivation. 

The whole apparatus was built so that it would 
withstand a hydrostatic pressure of 2,500 psi and 
was so tested. 

Following the hydrostatic test, it was necessary to 
desiccate the entire apparatus thoroughly. A pre
liminal)' drying was accomplished by introducing 
room air for 2 days at a rate of approximately 180 

eu ft /hr by means of the vacuum pump. Afterward, 
room air dried by a towel' of silica gel was drawn 
through the system for 4 more days. The gel in 
the drying towel' was changed each day and the used 
desiccant r eactivated in an oven heated to 245° C. 
During the fourth day of purging with dry air, a 
drying tower was also placed on the outlet of the 
apparatus and the amount of water picked up in 
each drying tower was measured. 'iVhen the tower 
on the outlet picked up less water than the one on 
the inlet, it indicated that the air within the appara
tus was drier than the room ail'. When this condi
tion was reached, the purging with a ir was discon
tinued and the apparatus was evacuated by means 
of the vacuum pump until a pressure of only a few 
millimeters of mercury was shown on a sensi tive 
vacuum gage connected at one of the manifold 
valves. Then, with the vacuum pump still oper
ating, dry air was admitted slowly, so that the 
vacuum gage remained wi Lhin a few m illimeters of 
its former reading. This dry air swept out any water 
vapor libera ted from small cracks or recesses in the 
interior. After several hours of th is treatment the 
a ir inlet was closed, and th e pllmp was operated 
until t he pressure in the enLire apparaLus was as 
low as it would go, about 1 mm of mercury. Valve 
(F ) was then closed, the vacuum pump Lurned off. 
and the vacuum gage read. It r equired a week of 
lhis procedure before the apparatus would sLand 
evacuated overnight withou t any change in pressure, 
showing that it was bOlh dry and vacuum-t ight and 
was ready for usc. With the apparatus still evacu
ated, a supply cylinder (S) of the unpurified m eLhane 
was connected to the manifold, and its contenLs were 
allowed to :flow at a slow rate inLo Lhe purificrs 
Lhrough valve (I ) until a prcssure equ ilibl'i um was 
reached. The inlet valve (1) was then closed and Lhe 
supply cylinder (8) was connecLed to the condenser 
(C). Gas from (S) was admitted into Lhe condenser 
(C) and was condensed b~r cooling it slowly wi th 
liquid nitrogen. This was accomplished by gradu. 
ally raising the Dewar flask (D ), containing Lbe 
liquid nitrogen, around the condenser. 

The condensing process was continued un t il the 
pressure in the supply cylinder had been reduced 
by 150 psi, which was the amount of change calcu
lated to fill the condenser (C) about t,vo-thirds full 
of liquid. At this point cylinder (S) was turned off 
and the liquid nitrogen lowered from the condenser. 
When , through evaporation, the pressure in th e 
condenser had increased to the point where it at 
least equaled that of the gas already stored in the 
purifiers, the valve between the condenser and puri
fiers was opened and the gas from the condenser" was 
allowed to flow into the purifwl's . This continued 
until all of the liquid in the condenser had been 
vaporized, and the condenser was back up to room 
temperature and an equilibrium pressure prevailed. 

The above process of condensing gas from the sup
ply cylinder and transferring it to the purifiers was 
repeated until the pressure of gas in the purifiers 
had been built up to approximately 1,400 psi, which 
usually required three condensations. The inlet 
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valve (I) was t.hen closed and the gas allowed to 
remain in contact with the purifying material for 
approximately 12 hI' or overnight. A small sample 
of gas was then drawn from the outlet of the puri
fiers and analyzed by means of the mass spectrometer. 
If the results of this analysis indicated no impurities 
except nitrogen, the gas was allowed to flow from the 
purifiers into the evacuated receiving cylinder (R ) 
until the pressure between the two came to equi
librium. 

The cycle of purification described above was 
repeated a sufficient number of times to bring the 
pressure in the receiving cylinder (R ) to at least 
1,000 psi. Cylinder R was then r emoved from the 
system , its contents mixed by setting up convection 
currents within the cylinder, and the gas was then 
sampled and analyzed again. If this analysis showeel 
no ethane or impurities other than nitrogen, the 
heating value of this purified gas was calculated 

from the analysis and the gas was ready for use as 
a standard. 

Whenever a sample from the outlet (0) of the 
purifiers showed a trace of ethane, indicating in
efficiency of the apparatus, the process was stopped I 

and the gas in the purifiers was condensed and 
returned to the supply cylinder. The heaters sur
rounding the purifying towers were turned on, and 
the system was evacuated by means of the vacuum 
pump. Each heating element was controlled so 
that a temperature of 1500 C was maintained on 
each of the four towers. It was found that an over
night run was sufficient to reactivate the coconut 
charcoal. Reactivation proved to be necessary 
after every 3 or 4 purification cycles. 

Four 220 cu ft cylinders of purified gas were ob
tained by this process, each cylinder being filled to 
a pressure of approximately 1,000 psi. The results 
of the analysis of each cylinder of gas after purifica-

FIGURE 7. Spectrogram of natural gas before purificat ion. 
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tion ~l,re shown in table 1,5 together with the heating 
value calculated from these results. It will be seen 
from this table that the fom samples are practically 
identical in composition and that the heating valur. 
f rom analysis is pro ba bl y no t In ore than ± 0.1 
Btu/cu ft. 

TABLE 1. Analyses of pU1'ified methane 

Analysis b y mass 
spectrometer Calcu-

Cylinder lated P robable 
heating errors a 

Const it- Mole value 
uen t percent 

---------------
I~tu/c-u ft Btu 

{ C H, 99.93 } 127 C,H, 0.00 996.7 ± 0. 1 
1\, .07 

{ Cll, 99.92 } 130 C,H, 0.00 996.6 ±0. 1 
N, .08 

{ Clf, 99.93 } 133 C, li , 0.00 996.7 ± 0. 1 
N 2 . 07 

{ CH , 99.93 } 134 C,H , 0.00 996.7 ± 0. 1 
N 2 . 07 

II. The probable orrors gi\"cn refer io the cUcct of errors 
in gas analysis oul y (see footuote 5 below). 

The spectrograms from which the analyses of the 
California gas were calculated are shown in figmes 
7 and 8. Figure 7 shows the spectrogram of the gas 
before purification and indicates the presence of 
nitrogen, ethane, propylene, propane, butane, and 
carbon dioxide by the peaks at 28, 30, 42 , 43, and 
44. Figure 8 shows the results obtained after puri
fica tion and indicates that all of the above constit
uents, with the excep tion of nitrogen, at peak 28, 
have been removed. This method of purification is , 
therefore, adequa te to produce methane of sufficient 
pmity to be analyzed with the desired precision by 
means of the mass spectrometer. The heating value 
calculated from t.his analysis is much more accurate 
than the resul ts to b e expected from the recording 
calorimeter. Therefore , the gas is suitable for use 
as a primary standard . Any stable gas of compar
able heating value may be properly compared with 

, The h eatin g values in t Il is table were ealculated on the basis that the heat of 
combustion of pure meth a ne is 997.4 n tu per standard cu bic foot, as given iu 
N BS Circular C417, Gas ca lorimeter tables (1938). A later re\'ision of this Cir· 
cular, C464 (1948), gives 906.9 Btu per standard cubic foot. 'l'he difference in 
these two values is due to a diUerence in the defi n ition of the Btu ll sed in the two 
p ublicat ions. The Btu used in 0 464 is defi ned in terms of tbe specific beat of 
water at 59° F (15° C) and is the unit generally used in the gas industry [2]. 
The usc of the older value in this paper is justified by the fact that the hydrogen 
u sed in t est, of the calorimeter contained about 0.06 perccnt of iner t impurity, 
so that a calorimeter calibrated with hydrogen on the assumptiou tbat it is pure 
would read too h igh by 0.06 percent in the hydrogen test. 

H ence a value of 996.7 Btu on the methane of 99.93·per cent purity is sub· 
stantiall y equivalent to th e manu facturers recommended reading of 1,046 Btu 
in a hyd rogen test with h ydrogen of 99.94·percent purity. It may he noted that 
the heat of com bustion of methane in terms of t he International Steam Ta ble 
B tu (defined as 1,055.07 absolu te joules) is 996.0 B tu/cu ft . '1'he Term "cu ble 
foot" as used in this paper is an ab breviation for "standard cubic foot,ll defined 
as the quantity of gas that would fill a space of 1 cu ft a t 60° F if sa turated with 
water vapor and undol' a total pressure of 30 in. of mercury. 

Tbe above values for the heat of combustion of methane are based on the 
experi mental value per mole reported by Rossini [5], the value 0.5218 in . of mer · 
cur y for the vapor pressure of water at 60° F , ancl the value (1-(pv/RT)=0.0020) 
for the deviat ion of methane from the ideal gas law at 60° F and a pressure of 30 
in. of mercury. Rossini assigned an uncer tainty of about 0.03 percent to his 
result. Th is corresponds to 0.3 B tu/cu ft. 'r aking accoun t of the uncer tainty in 
tbe analysis corresponding to 0. 1 ntu/cu ft, aud making some allowance for the 
uncerta inty in the deviat ion from the ideal gas law, an uncertainty of ±OA Btu 
is assigned to the heat of co mbustion of the pu rified methane. 

this primary standard gas and may then be used as a 
secondary standard gas for testing or calibl'aLing 
purposcs (see appendix C) . 

3 . Comparison of Hydrogen and Methane 
as Calibrating Gases 

One of the questions that led to this s tudy was 
the suitabili ty of hydrogen for calibrating pmposes 
when the calorimeter was to be used with gases 
having several times the heating value of the cali
brating gas. The answer to this question coulclnow 
be obtained by making a direct comparison betwcen 
the use of hydrogen and the standard methane. 

It was recognized that the use of hydrogen as a 
calibrating gas affects the normal operating con(Ii
tions in the tank in a number of respects. For ex
ample, the use of hydrogen r equires certain changes 
from the normal operating conditions of the instru
ment, including shutting off the primary air supply 
to the bmner and the inser tion of a special orifice in 
the gas line a t the en trance t.o the burner. The 
,vater level surrounding the meters and the weir is 
disturbed when the gas metcr is "blown" to refresh 
the water contained in the gas metcl' in order to 
facilita te a new saturation equilibrium, and when 
the gas meter is turning at the increased rate deter
mined by the special hydrogen gears. Because thc 
hea t of combustion of hydrogen (approximately 319 
Btu/cu ft ) is much lower than that of most fuel 
gn.ses, the speed of the gas meter is inereased by a 
definite amount in order to bring the rate of heat 
production and eonsequen tly the reading with 
hydrogen in to the range of the scale used during 
normal operation with fu el gases. Another change 
is caused by the purge flame burning at its temporary 
down-in-the-tank location, causing temperatures 
under the tank cover to be different. 

In comparing the two gases, the calorimeter was 
first proved to be in normal operating condition in 
accordance with the manufacturer 's instructions [4]. 
It was then calibrated with hydrogen by the method 
recommended in the same instruction manual, using 
H ydrone hydrogen. As a part of the calibration, a 
small ch ange in the cold-balance rheostat was neces
sary in order to make the record er show the propel' 
reading of 1,046 Btu on its 900- to 1,200-Btu-range 
scale.6 Then, making only the necessary changes 
from the conditions of the hydrogen t est to those of 
normal operation, the standard gas was connected 
and the chart observed until the maximum change 
had taken place and a steady reading was obtained , 

' A table of theoreticall y correct readings in the hydrogen test for various 
rauges of the instrument is given in the manufactm er 's instr uction book [4] for 
use in the periodic testing of the instrument by the user. The values given in 
this table were calculated from a selected value for the heat of combustion of 
h ydrogen together with valu es for the ratio of the speed of rotation of tbe gas meter 
in the h ydrogen test to that in normal operation. Some allowauee was also made 
for other etrects, includi ng the "chimney effect" diseussed later in this report. 
T he valne give n i.l the table, whieb is applicable for a methane range instrument, 
is 1,046 B tu. 'l'he final step in the calibration refereed to is a n ad justmen t of the 
cold·balance rheostat (S •. fig. 2) in order to brlng the readi.ng as nearly as possible 
to the desired value of 1,046 Btu. This procedure, rather tban additional trial 
and error adjustments of the bame in the burner jacket, greatly shortens the 
calibration time and is very etrective for giving the desired calibration reading 
for a known gas, even thougb the record will be lncorreet at tbe lower end of the 
scale. However, this method of adjustment does not introduce a si,gnificant 
errol' in co mparisons such as those reported in th is paper, in which the calorimeter 
read ings are well above the lower end of the scale and arc fairl y closc together on 
the gases being co III pared (sce appendix D ). 
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as had been done for the hydrogen. The time for 
each evaluation averaged about 90 min. Instead of 
the recorder showing the expected value of 997 Btu 
for the standard gas, a reading of 1,000 was obtained, 
which was 3 Btu too high. 

The procedure was then reversed. The instru
ment was calibrated with the methane to give a 
reading of 997 Btu and was then checked with the 
hydrogen, with a resultant reading of 1,043, or 3 
.Btu too low. 

In order to determine whether the same results 
would be obtained on another calorimeter, a similar 
series of tests was repeated twice on a calorimeter 
located in the air-conditioned laboratory of the Gas 
Inspection Bureau of the District of Coumbia, with 
identical results. 

I t was first thought that the difference found 
might be caused by the type or source of the hy
drogen used, but this proved not to be the case. A 
carefuJ examination was made of the qualities of all 
of the gases involved in this problem. The composi
tion and heating value of the methane and cylinder 
hydrogen used were accurately known by analysis. 
However, because the purity of the hydrogen gen
eI·ated from Hydrone had only been assumed to be 
sufficient not to introduce a significant error, a sample 
of this gas was also analyzed by means of the mass 
spectrometer, and the results obtained proved to be 
identical with the analysis obtained from the cylinder 
hydrogen used. The analysis is shown below: 

Mole % 
Hydrogen _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 99. 94 
Oxygen _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ O. 01 
Nitrogen __ _ _ _ __ __ __ _ ___ _ _ _ _ _ . 05 

The question could arise as to whether all samples 
of hydrogen generated from different batches of 
Hydrone would give an analysis identical with the 
one listed, but it is felt that any such differences 
would be slight. 

Additional dual tests were run, first calibrating 
with hydrogen and then operating with methane, 
with tank-water temperatures at representative 
equilibrium points between 60.2° and 90.5° F . In 
24 such tests the resul ts with methane differed from 
its known value by amounts varying from - 0.3 
Btu to + 4.0 Btu and averaging + 1.68 Btu. 

These differences showed no systematic variation 
with temperature. It may be concluded that there 
is a systematic difference of the order of 0.2 percent 
on the average between the results of calibration 
with hydrogen and with methane. 

It seems unlikely that errors in the accepted 
values for the heats of combustion of methane and 
hydrogen could be responsible for more than a small 
portion of the differences found. In view of the 
facts that methane has physical and chemical 
properties approximating those of natural gas, and 
that calibration with methane is carried out in 
exactly the same manner as measurements on 
natural gas, it is believed that for a calorimeter to 
be used for measurements on natural gas, calibration 
with methane of accurately known composition is 
preferable to calibration with hydrogen. 

4 . Effect of Changes in Bleeder Burner 
Height 

One factor which affects the performance of the 
Cutler-Hammer calorimeter is a so-called "chimney 
effect" , which may be explained in principle as fol
lows: The bleeder burner of the calorimeter is located 
above the water level in the tank, the effective 
height of the burner above water level being about 
8 7~ in. Consequently the gas pressure in the inlet 
chamber of the gas meter will be less in experiments 
with hydrogen than in experiments with methane. 

This difference in pressure is too small to affect 
the density of the gas appreciably, but it is large 
enough to have a significant effect on the water 
level in the meter, and therefore on the quantity of 
gas delivered by it per l'evolution. The effect on 
the calorimeter reading is approximately equal in 
magnitude but opposite in sign to that (discussed in 
reference [3]) resulting from differences between the 
amounts of water vapor entering and leaving the 
calorimeter. Both effects, and possibly others, 
were considered in arriving at the table of calorim
eter readings for the hydl'Ogen test [4]. If all perti
nent factors were properly considered, then calibra
tion with hydrogen and methane should yield 
equivalent accuracy. In view of the differences 
reported in the preceding section, a few experiments 
were performed to confirm the existence of the chim
ney effect and to obtain some idea of its magnitude. 

The existence of differing chimney effects was 
proved by exaggerating the chimney height in the 
following manner. Two special tubes of the same 
inside diameter as the bleeder outlet tube, one 15 in. 
and the other 30 in. in length, were successively 
connected to the bleeder outlet tube in place of the 
regular bleeder burner, first , while hydrogen was be
ing supplied to the calorimeter and again while 
methane was being used. It was found with the 
calorimeter properly calibrated and reading 1,046 
Btu with the hydrogen that with the 15-in. bleeder 
extension connected to the bleeder outlet tube, the 
chart or scale reading was 1,039.5 , or 6.5 Btu low, 
and with the 30-in. tube the reading leveled off 
at 1,033, or 13 Btu low. When methane was burned 
under the same procedures the effects were in the 
same direction but of less magnitude, the drop being 
2 Btu when the 15-in. tube was used, and 4 Btu 
when the 30-in. tube was used. 

The chimney effect was further investigated by 
measuring the delivery rate of the gas meter through 
the means of a suitable laboratory wet-test meter, 
first with the calorimeter operating normally with 
the regular bleeder burner in place and then with the 
30-in. extension tube replacing the regular bleeder 
burner, while each of the respective gases was being 
tested. The laboratory meter was connected to the 
gas burner tube or outlet of the calorimeter gas 
meter and read when the calorimeter meter had 
made 10 revolutions- which was the number causing 
the laboratory meter most nearly to make 1 complete 
revolution. The average of the 10 revolutions of 
the calorimeter meter in each situation is shown 

220 

-------



III table 2. The effect on the heating value of the 
volumetric differences is also shown, first according 
to calculation and again according to the results of 
the "chimney-action" tesLs. 

TABLE 2. E.O'ect of chimney action on gas passed by calori
m ete?' gas meter 

T est conditiOll Gas used 

DirTercnce in heat· 
Average in g valu e 
volume 1---,----1 
of gas 

delivered Caleu· Found 
pel' revo· lated from Ln the 
JULion of differen ce "chimney 

meter in deliv- action" 
cry rates tests 

1-------1--------1---------

cuft Btu/cu f t Btu/cu f t 
)\T or mal use ________ Ork. __ . __________ __ 0. 00947 
30-ill . bleeder ex- orr. ____ . ____________ . 009'13 4.2 4. 0 

ten sion . 
)Jormal U8c ________ H ydrogen from JJy. . 00947 

drone. 
30·in . bleed er ex- H ydrogen from ITy· .00934 14.3 13. 0 

tension. drone. 

These tests confirm the existence of the chimney 
effect , and show that it varies wi th the density of 
the gas and with the height of the bleeder burner 
(see appendix: E ) . Figure 9 shows th at th e effect is 
a linear function of the height of the bleeder burner 
for both hydrogen and methane. 
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5 . Effect of Changes in Ambient Tempera
ture Upon the Accuracy of the Calorimeter 

B efore th e beginning of this study complaints-had 
been received that cha nges in the term perature of 
the calorimeter 's surroundings had an effect upon 
the aceuraey of the instrumen t. Preliminary test 
substan tiated the valicli t~T of these eomplaints . A 
complete inves tigation of the effects of ambient 
temperatW'es upon the instrument's accuracy was 
made w ithin the operating temperatures of 50° to 
100° F.7 In selecting these limitations it was fel t 

7 At the factory, when calibrating the calorimeter with n early pure hydrogen 
as t he test gas, t he manufacturer mainta ins the temperature of the tank water a t 
73° F and adjusts the ball e in t he burner jacket (fig . 2), so as to obtain a specified 
readin g at t he recorder 0.4 percen t higher t han the 1,046 figure stated in the in· 
struction manual (or the met hane-range instrument. The manufacturer 's ex
planation is tha t the calorimeter would then be more nearly correct 0 11 t he average 
if t he tempera ture of thc water in t he tank should vary between the extremes of 
60° to 90° F . 
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that a leeway of 10 cleg beyond the 60° to 90° limita
tions advocated by the m anufacturer of the calori
meter was sufficien't, and also well beyond the averaO'e 
temperature l imi ts of operation. 

After a great deal of trial and error it was found 
that ordinary control of room temperatures was no t 
sufficient for our purpose . Also, that the tempera
ture of the water in the calorimeter cannot b e as
sumed to be the same as that of the room, no m atter 
how closely the temperature of the room is h eld to a 
selected figure, because of the effect of the relative 
humidity of the room air upon the evaporation of the 
tank water. Therefore, it was necessary to install 
adequate air-conditioning equipment for the testing 
room. 

Using the standard methane of known heating 
value, the instrument was calibrated under carefully 
controlled conditions at a predetermined basic 
equilibrium tempera tm e. After the calibra tion was 
completed and after all per t inent data h ad been 
r ecorded, either the room. temperatme was ch anged 
by ± 10 deg from the current calibration or equilib
rium temperature, while holding th e temperatm e of 
the tank water constant, or else the room tempera
ture was held constant and the temperature of the 
ta.nk water was ch anged by ± 10 deg F. During tests 
under each of these conditions the recorded heating 
value was closely observed until the m aximum of 
any ehanges h ad been reached and remained con
stan t following the maximum ch ange in temper a
ture during that palticular test. 

In this study, Chis double series of Lests of plus and 
minus ch anges from selected calibraLion Le mpera
tures was run a number of times a t each of the equi
librium temperatm es of 60°, 70°, 80°, and 90° F. 
For each temperature change the r esul ts in each 
respec Live plus and minus direction were pra,cti cally 
identical. T ests of the effect of variation of room 
temperature showed no signifi can t ch anges of re
corded heating va lue if th e wa ter temperature re
mained constan t. But because the water tempera
ture does ch ange with time and follows th e room 
temperature, a special test wa s made to determine 
the time in which the tank water would ch ange at 
least 10 deg wi th a room ch ange of 20 deg, and it 
was found that this could happen in approximately 
10 hI'. This is illustrated by fi gure 10 . 

In table 3 are summarized the pertinent data from 
tests in which the tank-water tempera ture was 
ch anged by 10 deg F after the calibration. These 
figures are the average to the nearest 0.5 B tu of the 
results of the several tests in each respective direc
tion at each selected temperature. 

It will be seen from table 3, tha t with one excep
tion, any ch ange in the temperature of the tank 
water from the temperature at which the instrument 
was calibrated causes a ch ange in th e accuracy of the 
calorimeter that is reflected in the recorded heating 
value. 

The magnitude of the effect on accuracy will 
depend upon two things, (1) the pla.ce in the tempera
ture scale at which the temperature divergen ce takes 
place , and (2) th e extent of such temperature ch ange. 
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FIGU RE 10. An example of the time required for a 20-deg F 
change in room temperature to effect a 10-deg F change in lank
water temperature. 

TABLE 3. Effect on calorimeter 1'eading of changes in tempera
ture of tank water 

EquiJib- Tank Change in 
rium cal- Room water Recorded recorded 

Type of gas used ibration tempera- tempera- heating beating 
tempera- ture ture value value 

ture 
--- ---------

of of of Btu/cult Btu/cult 
60.0 60.0 60.0 997.0 --- - --
60.0 60.0 70. 0 997.0 0.0 
60.0 60.0 50. 0 993.5 -3.5 

70.0 70.0 70.0 997.0 --- ---
70.0 70.0 80.0 995.0 -2.0 
70.0 70.0 60.0 997.0 0. 0 

::Ir etbano (997 B lu l._ 
80.0 80.0 80.0 997.0 --- ---
80.0 80.0 90. 0 989.5 -7.5 
80.0 80.0 70.0 999.0 +2.0 

90.0 90.0 90.0 997.0 - --- --
90.0 90.0 100. 0 983.5 - 13.5 
90.0 90.0 80.0 1004. 5 +7.5 

For example, if a 10-deg deviation occurs between 
60° and 70° F, regardless of whether the instrument 
was calibrated at 60° or 70° F , no appreciable change 
in accuracy takes place. But if the instrument is 
calibrated at 60° F , and the temperature of the water 
subsequently decreases to 50° F , an error of 0.35 
percent appears in the heating value, and it is that 
percentage too low. If the instrument is calibrated 
at 70° F and the temperature of the wa tel' sub
sequently increases to 80° F , an error of 0.2 percent 
on the low side results. In the same way, if the 
change is from 90° to 100° F, the instrument will 
read low by 1.35 percent. Conversely, if the instru
ment is calibrated at 90° and the temperature of the 
water subsequently changes to 80° F , the error is in 
the opposite direction and the heating value reads 
high by 0.75 percent. 

Figures 11 and 12 illustrate the effect on the hea t
ing value recorded by the calorimeter "vhen the tem
perature of the water is varied both ways from the 
calibration temperature. 

The data of table 3 may be used to plot ar curve 
showing the variation with temperature of the read-

ing of a calorimeter calibrated to read correctly on 
methane at any given temperature of the water in 
the tank. The solid curve in figure 13 is such a 
curve for a calorimeter calibrated at 60° F (or 70° F ) . 
It will be seen that the reading will be approximately 
correct in the range 60° to 70° F , but will be too low 
at temperatures below 60° and above 70°. At 90°, 
for example, the error will be nearly 1 percent. A 
similar curve for a calorimeter calibrated at any 
other temperature, t, would be of the same form, but 
would be displaced vertically by the amount neces
sary to make it pass through the correct heating 
value (997 Btu) at the temperature t. The dotted 
curve in figure 13 represents the reading of a calorim
eter calibrated with methane to read 0.4 percent 
high at 73° F (or to read correctly at about 83° F). 
A calorimeter thus calibrated would read high on 
methane by about 0.5 percent at 65° F and would 
read low by about the same amount at 90° F . 
The maximum error in the range 60° to 90° F would 

FIGURE 11. E.ffect of lowering tank-water temperature on 
Btu l'eadl:n g. 
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then be less than if the calorimeter had been cali
brated to read correctly on methane at 73 0 F, 
although the error in some parts of the range would 
be greater in the former case than in the latter. It 
is obvious from the results shown in table 3 and 
figure 13 that the temperature of the water in the 
calorimeter should not be allowed to go below 60° F 
or above 80° F , if errors in recorded heating value 
greater than 0.2 percent from this cause alone are to 
be avoided. For maximum accuracy the calorimeter 
should be calibrated to read correctly at some con
venient temperature of the water in the tank, and 
this temperature should be maintained constant in 
the subsequent use of the calorimeter. 

6 . Accuracy of the Calorimeter on a Sample 
of Known Propane 

Because propane is being used more and more 
extensively in the gas industry, it was selected as a 
good example of one of the higher heating value 
gases for the purposes of our study. Accordingly , 
a cylinder of "instrument-grade" propane was ob
tained from the Phillips Petroleum Co. After 
analysis by the Bureau, by a combination of mass 
spectrometer and infrared spectrometer determina
tions, its heating value was calculated and found 
to be 2,523 ±3.5 Btu/cu ft. The results of the 
analysis, together with the values used for calculating 
the total heating value of the gas, are given in 
table 4. 

T ABLE 4. Analysis oj propane sam ple 

Gas Mole % 

M ethane__ ______________________ ___ 0. 15 
Ethane____ ______ ___ __________ __ __ . 01 
N itrogen _______ _ ___ __ ___ ___ _ __ __ _ ___ . Oi 
Carbondioxide__ ___ __________ ____ .07 
Propane_________ _________ ___ ____ 99.70 

-Btu/cu ft Calculated 
Btu 

996.9 
1758. 0 

2529. 0 

1. 5 
0.2 

252 1. 4 

2523.1 

-The heating values were taken from C\'BS Circular 464. 

As a part of the preparation for testing the pro
pane, the following changes were made in the 
recorder: The standard scale , instead of the ex
panded scale, was made operative, and a new heating
value scale and chart, each graduated to 3,000 Btu 
were installed. 

The calibration was accomplished by using the 
27 A- 33B test gears and a cylinder of hydrogen of 
99.94-percent purity at an inlet gas pressure of 
0.5 in. The heating value on the recorder was 
adjusted for a value of 2,613, which corrected the 
value shown in the Cutler-Hammer Instruction 
Manual [4] of 2,615 for the purity of the hydrogen 
used . 

The tank unit was then prepared for using the 
propane, by the installation of the proper gears, 
orifices, and the " bazooka" bleeder burner. The test 
of the propane was made by using an inlet pressure 
of 0.5 in., because the bleeder burner flame tended 
more and more to smoke as the 0.5-in. pressure was 
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exceeded. Sufficient time was allowed to com
pletely saturate the water in the gas meter with 
propane. At the conclusion of the test the recorder 
scale showed a heating value of 2,517 Btu, which is 
approximately 0.25 percent less than the value as 
calculated from the analysis. Judging from these 
results, the Cutler-Hammer calorimeter when cali
brated with hydrogen can be used with reasonable 
accuracy for measurements on propane. 

7. Study of Effect of Inlet Gas Pressures to 
the Calorimeter Upon the Heating Value 

A summary was made of the inlet gas pressure 
(inches water column) used during all of the tests. 
When using hydrogen generated from Hydrone the 
inlet pressure varied from 0.4 to 0.7 in. , as comp ared 
with 0.5 in. when using cylinder hydrogen. With 
methane, the inlet pressure was set at 4.5 in.,-the 
maximum of the 2)6 to 4X in. recommended in the 
instruction manual [4] for general operation. 

Because the measurements on methane were made 
with an inlet gas pressure of 4.5 in., whereas when 
calibrating with hydrogen the inlet pressure av
eraged about 0.5 in., it was decided to determine the 
resulting heating value effects when, with each type 
of gas, the instrument was calibrated at 0.5 in. and 
then operated at 4.5-in. inlet pressure. A part of 
this series of tests (calorimeter B) was repeated on 
one of the instruments, previously used , in the 
temperature-controlled laboratory of the District 
of Columbia Gas Inspection Bureau (see appendix 
F for pressure tests with propane) . 

The results of the series of inlet pressure tests are 
listed in table 5. 

TABLE 5. H eating-value chanqe when the pressure of the gas 
sample to the calorimeter is incl'eased f rom 0.5 to 4.5 inches, 
water column 

Calorimeter 
Gas 

A B 
1---------------

Btu Rtu 
Hydrogen .______________ + 2.0 + 2.0 
:'.1ethalle___ _____ ____ ____ + 1.0 + 0. 5 

8 . Conclusions 

In general, the Cutler-Hammer recording gas 
calorimeter when operated in accordance with the 
present instruction manual and at temperatures 
varying from 60 ° to 90° F will probably give results 
that are accurate to within 1.0 percent. 

If under the same type of care, the calorimeter is 
operated under controlled conditions of temperature, 
so that the instrument continues to operate at very 
close to the same temperature at which it was last 
calibrated, the average accuracy will probably be 
within 0.5 percent. However, in all considerations 
of temperature, the temperature of the water in the 
calorimeter and not the temperature of the room 
is to be used as the guide. 

The fUl1ctional accuracy of the instrument can be 
further improved as follows: 

(a) Gas for calibration purposes should be of the 
same type as the gas subsequently to be samplE'd. 
Its composition must be absolutely stable, and its 
heating value known to a degree of accuracy at 
least one order of ma.gnitude greater than the degree 
of accuracy expected from the calorimeter. (b) The 
instrument should be calibrated weekly, as a part 
of the weekly care, in order to determine and correct 
any deviations while small. (c) When possible, 
the inlet pressure used should be the same for both 
calibration and subsequent operation. 

Because the Cut.ler-Hammer recording gas calo
rimeter is a self-conta.ined instrument., a number of 
concurrent conditions and effects determine the 
a.ccuraey at any given moment. Some of the con
ditions vary with the care given to the instrument 
by the operator and some vary with time. ThE' 
accuracy is also influenced by changes accompanying 
operation, for example, chemical reactions in some 
of the burner parts cause gradual a.ccumulations of 
insulating compounds that affect the absorption 
of heat; dust from the air tends to accumulate in the 
gas and air orifices and in the fins of the fluted tube; 
physical particles and slime tend to accumulatc in 
the several meters; the meter bearings wear; and the 
surface tension characteristics of the water at thc 
weir can change. All of these have a deleterious 
effect upon the efficiency of the instrument. 

In the recorder, its sensitivity or response to small 
heating-value changes can vary because of such 
things as excessive tolerances of moving parts, the 
fineness of adjustment of the resetting levers, the 
degree of tension of the suspension strips, the presence 
of oil film or dust on the fiber pointer, imperfect 
contact with the slide 'wires, or because of a change in 
efficiency of the rectifier, etc. Also , variations in the 
humidity of the room, as well a.s improper tolerances 
in the adjustments of the rolls, can cause differences 
in agreement between the scale and chart amounting 
to as much as 2 Btu. 

For any specific summation of all such effects upon 
the recorded heating value, the cold-balance rheostat 
or the baffle in the burner ja.cket can be changed in a 
direction that will cause the pen on the properly 
alined chart to indicate a heating value in agree
ment with the heati.ng value of the calibration gas. 
But, even while the calibration is in progress, or 
cllll'ing any subsequent time interval, slight changes 
in some of the mentioned factors can bring about a 
somewhat different summation of effects. All of 
these effects prevent the behavior of the calorimcLer 
from being 100-percent predictable. However, it is 
possible for the calorimeter to operate, under the 
weekly care recommended in this paper, with weekly 
deviations in accuracy averaging less than 0.1 per 
cent (sec appendix G). 

The authors are indebted to several organizations 
and to many individuals connected with these 
organizations for valuable advice and assistance 
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during the progress of this study. Acknowledgment 
is given to Outler-Hammer, Inc. , for fmnishing a 
number of piece of calorimeter equipment that were 
essen tial to this investigation, and we particularly 
thank E. X. Schmidt, O. W. Warner, T. M. Gilbert, 
and P. T. Severson of that company for helpful 
consultation on a number of occasion . 

The Washington Gas Light Co. permitted the use 
of one of i ts calorimeters in the early part of this 
study and made available several pieces of test 
equipment, which were very useful. We express om 
thanks to H. L Ketcham, Jr. who spent many homs 
'working with us dming the early part of this study, 
and to D. L . White for his advice and counsel. 

Through the cooperation of the Rochester Gas &; 
Electric Oorp., we obtained the services of James P . 

I Cullen, who spent a full year on this study and 
I contributed greatly to its successful completion. 

I T . L . Robey, R esearch Ooordinator of the 
American Gas Association, followed the progress of 

\ t his investigation and was very helpful in obtaining 
V the support of the Association. 
i Oareful analyses of the gas samples were essential 

to this study, and i t was through the work of the 
late Martin Shepherd and that of Shuford 

i Schuhmann, Shirley Gunther, and Fred Elder of 
the Gas Ohemistry Section, that these were obtained. 

Thanks are also due to William J. Rice for his 
~ assistance while employed by NBS. 
I We are indebted to the Phillips P etroleum Co. for 

the sample of instrument-grade propane used in this 
study, and we thank Guy OOl'field of the Southern 
California Gas 00. for the supply of high-purity nat
mal gas. 

I Finally, we express om appreciation to E. R. 
( Weaver , Ohief of the Gas Ohemistry Section, under 
, whose general direction this work was conducted, for 

his continued help and understanding. 

9. References 

[1] C. W. vVaidner and E. F. Mueller, T ech. Pap. BS <1 (1914) 
T36. 

[2] Method of test for calorific value of gaseous fuels by the 
water-fiow calorimeter, A. S. T. M. D esignation: D900-
55 (1955). 

[3] R. S. Jessup, The Thomas recording gas calorimeter, BS 
J . R esearch 10, 99 (1933) RP519. 

[4] Cutler-Hammer Instruction Manual (Cutler-Hammer, 
Inc., Milwaukee, Wis., June 1950). 

[5] F. D. Rossini, Heats of combustion of methane and 
carbon monoxide, BS J . Research 6, 37 (1931) RP260 ; 
F. D. Rossini, H eat of formation of water and heats of 
combustion of methane and carbon monoxide. A 
correction, BS J . Research 7, 329 (1931) RP343. 

[6] J. H . Eiseman and Ruth F. Plapp, Weirs and the gas 
calorimeter, Am. Gas Assoc. Monthly 30, No.6, 
(June 1948). 

10. Appendixes 

10.1. Appendix A 

During some of the comparison tests, usmg 
Hydrone hydrogen and cylinder hydrogen, some 
consistent differences ~i ll heating value seemed to 

appear, with the dry gas giving slightly the higher 
value. However , upon prolonged investigation, the 
apparent difference proved to be small and also 
questionable enough to be ignored. 

10.2. Appendix B 

A study entitled Weirs and the gas calorimeter, 
Am. Gas Assn. Monthly (June 1948) [6] had pre
viously shown the crucial effect of the functioning 
of the weir in maintaining an exact level of the 
water in the calorimeter, and that accumulation of 
foreign material on the weir can easily cause errors 
in the instrument's accmacy of as much as 0.4 
percent. It was also determined that a change of 
water level of 1.00 mm changes the reading by 0.7 
percent. A fmther investigation of the effects of 
variations in water level was made dming th e 
current study, through the use of a slope gage 1 min 
length. It was observed that such factors as speed 
of rotation of the meters, differences in the tem
peratme of the water, changes in slll'face tension or 
any contamination at the weir, etc., all have an 
effect upon the level of the water. Experience in 
servicing calorimeters has indicated that the weir 
should not be touched, however, unless it is eviden t 
by observation that i t is dirty or that the water is 
no t flowing over it uniformly. 

10.3. Appendix C 

Oertain precautions should bc observed in using a 
comparison method for calibrating a gas to be em
ployed as a secondary standard, because of the possi
ble variations sometime appearing in the calorim
eter's results.s The heating value found should be 
double-checked by an immediate additional test of 
the known primary gas to determine if the primary 
value is duplicated. The change from the one gas to 
t he other should be accomplished through the facility 
of a properly designed manifold, in order that opera
tion of the calorimeter might be continued without 
cessation during the changeover. 

10.4. Appendix D 

When calibrating the Outler-Hammel' calorimeter, 
in accordance with the prescnt instruction manual, 
after all phases and parts of the various operations 
have been checked and properly adjusted, the final 
change, if necessary, to accomplish a specific reading 
on the recorder scale, is effected by adjustment of the 
baffle in the burner jacket. vVith some calorimeters, 
under cer tain circumstances, the amount of possible 
normal adjustment of this baffle is not sufficient to 
accomplish the desired change in scale reading. How
ever, this can only be determined by trial and error , 
and much time can be spent without accomplishing 
the desired result. The authors found and made use 
of the fact that a small unbalancing of the cold
balance circuit, through arbitrary adjustment of the 
cold-balance rheostat produces the desired scale 

S See variations discussed on page 224 . 
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reading in a minimum of time, and with no objec tion
able side effects upon the accuracy of the calorimeter. 
This was true because the arbitrary unbalancing 
affected the accurac:v only toward the lower end of 
the scale, whereas all of the heating values in these 
experiments gave readings toward the upper end of 
the scale. The design of the instrument is such that 
when all adjustments are properly made, the cold
balance rheostat setting is approximately midway of 
its extremes. A difference of approximately 3 scale 
divisions in the rheostat setting corresponds to a 
change of 1 Btu on the recorder scale, and differences 
up to 3 Btu can be easily and quickly compensated 
in this manner. That is, the position of the pen on 
the scale can be adjusted to read almost exactly the 
true heating value of the calibrating gas. However, 
this procedure should not be used if the gas to be 
sampled has a heating value that will be recorded on 
the chart at a point appreciably distant from that for 
the gas used for calibration. 

10.5. Appendix E 

' '\Then hydrogen is used as the calibrating gas, the 
bleeder flame is under the hood and is difficult to see. 
As the flame must be observed in order to properly 
run a test when using a hydrogen generator, some 
operators are known to add a 10- to 15-in. extension 
tube to the bleeder outlet opening during calibration, 
in order to bring this flame above the tank cover 
where it can be easily observed. This practice intro
duces an eITor in the calibration and causes future 
recordings of the calorimeter to be high. 

10.6. Appendix F 

Attempts were made to test propane at different 
inlet pressures, but it was found that as the pressure 
exceeded 0.5 in . the tendency of the bleeder flame to 
smoke became increasingly severe. Because of this 
nuisance, pressure tests using the bazooka bleeder 
burner were discontinued. However, it may be of 
interest that with an improvised bleeder burner 
replacing the bazooka type, consisting of a straight 
piece of metal tubing of the same diameter as the 
bleeder outlet tube and of the same height as the 
instrument's normal bleeder burner, pressures up to 
4.5 in. could be used without an obj ectionable bleeder 
flame. 

--..... -~-,...--~ - . 

With a preesure of 4.5 in. the heating value recorded 
was 2,522 Btu, or very close to that calculated from 
the analysis, whereas, with the bazooka bleeder 
burner and an inlet pressure of 0.5 in., the heating 
value recorded was 2,517 Btu. It is realized that 
this change of 5.0 Btu could be the result of a change 
in bleeder height along with the effect of the change 
in inlet pressure, because the position of the bleeder 
flame when the bazooka burner was used was 11 in. 
below the flame of the improvised bleeder burner. 

10.7 . Appendix G 
I 

An appro}.rimate 4-year record of three late model ~ 
Cutler-Hammer calorimeters maintained by the Gas 
Inspection Bureau of the District of Columbia, 
operating on 1,020- to 1,200-Btu gas, shows the 
average weeldy deviation in accuracy, as determined 

TABLE 6. Approximate 4-year Tecord of weekly deviations in I 
accurocy of three Cutler-Hammer calorimeters, as determined { 
by weekly checkups V , 

I N umber of times the calo-
rimeters were found to be 

Weekl y 
inaccurate by the respec-
tive Btu amounts shown 

deviation in the first column 
inaccuracy 

in terms 
orBtn Calorimeter J 

A B C 
-------------

0.0 64 85 64 
.5 24 18 

I 
28 

l.0 64 52 59 
1.5 15 9 12 
2.0 21 21 23 

2.5 2 5 
3.0 9 6 
3.5 1 2 

5 
9 
0 I 

I 
\ 

4.0 1 2 1 
4.5 1 1 1 

5.0 • 1 1 I 0 
5. 5 0 0 

I 
0 

6.0 0 • 1 • 1 

• Relates to maximum de\·iation found. 

by weeldy comparisons with a standard methane
type calibrating gas, to have been 0.93 , 0.88, and 1 
0.94 Btu, respectively (see table 6). 

WASHINGTON, August 17. 1956. 
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