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DEVELOPMENT OF AN ACCURATE METHOD FOR TESTING 
WARM AIR FURNACES 

DESCRIPTION OF APPARATUS 

Important equipment and apparatus required in conducting an ef- 

ficiency test on gas warm air furnaces under the method developed 

herein includes the following: 

1. Modified form of Thomas Meter (No. A174165) manually 

controlled, 110 V - 60 cycle A.C., capacity 15,000 - 

100,000 Cu. ft. per hour at 30" Hg. 60°F. 

2. No. 24341 Type A.S. Size 2 Sirocco Blower. 

3. l-H.P. G.E. Motor, Type 13.S.R. 110-220 Volts, A.C. 

5.1-11.4 Amps. 

4. Copper constantan and iron-oonstantan thermocouples of 

the number and size specified. 

5. Wet test of proper capacity. 

6. Junkers calorimeter. 

7. Orsat gas analysis apparatus (Haldane type). 

8. Complete gas analysis apparatus (Burrell). 

9. Potentiometers, stop watches, anemometers, and other 

miscellaneous laboratory equipment. 

Air measurements are made with a modified type of Thomas meter. 

This set-up (See Fig. 1.) includes the meter mounted on a platforuL with 

the heating element and resistance thermometers located in a 12-inch 

duct. Motive force necessary to meve the quantity of air to be measured 

through the metering device is supplied by a Sirocco blower connected to 

the meter and driven by a 1 H.P. variable speed 110-220 V A.C. motor. 

Ciroulatthg air temperatures are obtained by the use of copper 

constantan thermocouples, size No. 24 A.W.G. These temperature ineasur- 
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ing units may be and were employed singly and in groups, depending upon 

the relative importance and accuracy of the readings under consideration. 

Any ordinary type of Orsat apparatus with an accuracy of at least 

0.01 of one per cent should be satisfactory for use in conducting the 

tests specified herein. Such equipment is employed primarily for de- 

termining the percentage of 002 in the flue gases. Knowing the ultimate 

002 of the fuel gases burned andthe percentage of 002 in the flue gases 

provides the operator with information from which he can compute the 

percentage of excess air in the flue gases and with other information 

generally available, arrive at the flue losses from the furnace. 

Flue gas temperatures are determined by use of a three or five 

junction parallel-connected iron-oonstantan thermocouple located in the 

flue outlet of the furnace. Duct casing and other exterior surface 

temperatures may also be obtained by means of a special surface tempera- 

ture measuring couple (See Fig. 2.). 

Although a complete analysis of the city gas supplied in almost 

every important locality in the United States can readily be obtained; 

in the absence of such information it can be determined, for example, 

by the Burrell complete gas analysis apparatus or any equipment of 

equal accuracy and reproducibility. 

Other laboratory equipment mentioned is more or less standard for 

all laboratories and does not seem to warrant further comment. 

DISCUSSION OF TEST METHODS 

Realizing that the problem of testing hot air furnaces was es- 

sentially one associated with the measurement of large volumes of air, 

this subject wasgiven first consideration. As has previously been 

indicated, it was felt that the use of Pitot tubes in conjuntion with 
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slope gages or mioronanometers was not only a very laborious procedure 

but consumed entirely too much time. Moreover, methods invo1vin the 

use of anemometers or orifice meters had been investigated by the author 

and were not found to be entirely suitable for such purposes. Conse- 

quently an investigation was made to secure a more rapid and, if pos- 

sible, more accurate procedure for conducting such tests. It was known 

that the Thomas meter, manufactured and sold by the Cutler-ilaimner Corn- 

pany, had been employed for many years quite satisfactorily for meas- 

uring large volumes of gas but as far as it was known it had never 

been employed for the purpose of measuring the amount of air passing 

from or entering warm air furnaces. 

Broadly speaking, the principle of operation of the Thomas meter 

is to raise the temperature of the quantity of air passing through it 

(usually about 2°F.) by means of electrical heating coils. The heat 

is measured by a standard watt-meter and the temperature rise of the 

gas is indicated by means of resistance thermometers and a galvanometer 

connected across a Wheatstone bridge. The heater unit and the ther- 

mometer units are mounted in a housing with the thermometer units 

equally spaced on either side of the heater unit. These units and 

the housing form a conduit for the passage of gas to be measured. 

In the type of Thomas meter employed, the apparatus operates 

with a predetermined temperature rise. The Wheatstone bridge and 

resistance thermometers are so connected that the galvanometer in 

the bridge shows a null deflection when the predetermined tempera. 

ture rise of the air is obtained. Thus, with the meter accurately 

balanced, the flow of air is directly proportional to the electrical 

input to the heater as indicated by a wattineter. The governing equa- 



tion when water vapor in the air is neglected is, 

Where: 

Q - air flow, ou. ft. of dry air per hour at 30" 
Hg- 60°F 

W electrical energy supplied to the heater in 
watts 

K heat equivalent of a watt = 3.413 Btu 
S - specific heat of air (c) Btu, per ou. ft. per 

°F and 
t = temperature rise of flowing air = 2.22°F 

If water vapor content of the air is considered then 

Where: 

YK 

r/l +( 
L l0,000 / o,000 )J 

Q, W, K, S and t are same as before 

V percentage of water vapor by volume in 
saturated mixture at 30"/Hg 

R = per cent saturation, and 

s = specific heat of water vapor, Btu per 
cubic foot per °F. 

4 

Comparing the two foregoing equations it will be seen that the 

flow indicated by the first which neglects water vapor will be slightly 

higher than the true value. The error involved, however, is about 0.4 

per cent, assuming the air is saturated at 60°F and 30" Hg and less 

than 0.1 per cent at 40 per cent saturation. As a consequence, the 

former equation may be used without introducing any measurable error. 

Moreover, it should be used in preference to the latter equation where 

the water vaoor content in the ciroulating air is not considered when 
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computing the heat output of a furnace. 

If air from the above mentioned meter were passed through any fur- 

nace at a previously determined rate and the temperature of this air in 

the cold air inlet of the furnace and that leaving the hot air ducts 

were obtained, it is obvious that the quantity of air expressed in cubic 

feet x its weighted average temperature rise x the specific heat of the 

air . the cubic feet of gas burned (corrected) x its total heating 

value in Btu/cu. ft. would provide the observer with the heating ef- 

ficiency of the furnace. 

In order that the reader may obtain a complete understanding of 

arrangement of important test apparatus, Figure 1 has been supplied. 

While slight modifications of this test set-up may be emoloyed with 

an equal degree of satisfaction and accuracy, the suggested layout has 

been found by experience to rove quite satisfactory. 

Where the hot air duct outlet openings have not been supplied by 

the manufacturer, their total area may be readily computed by applica- 

tion of the following formula: 

0.75 R 
A 

111 

Where: 

A total area of warm air ducts in square inches, 

0.75: assumed efficiency of the furnace, 

R manufacturer's input rating in Btu per hour, and 

lii National Warm Air Heating Association's recom- 

mended heat carrying capacity for first floor 
hot air ducts in Btu per square inch. 

If the hot air outlet openings have been provided, their combined 

area should be checked by use of this formula. In the interest of 
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standardization it has been found practical to employ openings properly 

and as uniformly spaced as possible to accommodate 10-inch hot air ducts. 

Where the estimated duct area does not exactly equal n integral number 

of 10-inch openings, which is seldom the case, one smaller sized duct 

providing the necessary additional area should be added. Unless the 

location of the openings has been previously provided or specified by 

the furnace manufacturer, the arrangement of openings in the casing 

should be such as to simulate as nearly as possible conditions of actual 

servios. 

To insure ample room for the installation of thermocouples in hot 

air pipes and also to provide reasonably uniform velocity of the hot 

air flowing across a plane containing such temperature measuring ap- 

paratus, it has been found desirable to provide 2-foot duct lengths. 

Although this figure need not be adhered to exactly, all of them should 

be of the same length. Otherwise the resistance to air flow created 

by different length ducts would naturally not be the saine and the ac- 

curacy of temperature readings obtained under such conditions would be 

open to considerable question. 

Temperatures of the inlet air are secured by plaoing a thermo- 

couple at the center of the inlet air duct opening. The cold air 

inlet is usually provided by the manufacturer. Where this has not 

been done, however, an opening or openings equal in total area to at 

least 80 per cent of the free area through the furnace and not more 

than 100 per cent, preferably located on each side of the furnace and 

as near as possible to the bottom of the furnace casing should be pro- 

vided for the admission of cold air. 

Assuming that the furnace supplied fer test has been properly in- 

stalled on the test floor, one of the first steps is to determine 
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whether it is consuming the correct amount of gas. It is customary 

to adjust gas appliances to burn within ± 2 per cent of the inanufac- 

turer's specified hourly Btu input rating. Wet test meters are strongly 

recommended for gas measurement purposes. Other types are not consid- 

ered sufficiently sensitive for such accurate types of test work. 

Before any actual efficienoy tests are undertaken the furnace 

should be operated for at least one hour under normal operating con- 

ditions without connection to the modified form of Thomas meter. Once 

the average temperature in the outlet ducts, as indicated by potenti- 

ometer readings, becomes reasonably constant the Thoinasmeter is con- 

neoted as shown in Figure 1 and the variable speed motor used in con- 

neotion with it is adjusted until the observer has duplicated the aver- 

age outlet air temperature conditions prevailing when the furnace was 

operated as a gravity system. When the furnace under test is provided 

with a circulating fan, experience has indicated that reducers of equal 

outlet area should be supplied to each of the hot air ducts, effecting 

a sufficient reduction in size to product a static resistance of 0.2 

inch water column at the center of eaoh of the outlet ducts when the 

reading is taken in a plane containing the duct openings at the point 

which they enter the furnace casing. 

Where a furnace is normally insulated in service it should be 

tested in this manner. Usually this implies that it should be equipped 

with the same type and thickness of insulation as supplied by the manu- 

facturer. 

While any reasonable length test method may be chosen, there seems 

to be no theoretical justification for continuing efficiency tests on 

gas furnaces for more than one hour. It is appreciated, however, that 

central heating units consuming solid fuel might, for many different 
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reasons, he tested for a greater length of time. Even in the ease of 

gas furnaces a preliminary heating-up period of at least one hour 

should be allotted in order that equilibrium conditions may be approxi- 

mated in the temperature of the heated air. 

Once a furnace has been adjusted to consume within 2 per cent 

of itsnorinal Btu input rating, it is operated for a preliminary heating- 

up ?eriod of at least one hour before any readings are taken, for the 

purpose of computing the average temperature of the heated air. Ex- 

perienee has indicated that a group of five copper constantan therme- 

coupleslocated so that they will reflect the weighted distribution of 

air velocity in each duct, provides a very satisfactory temperature 

measuring medium. The size of these thermocouples, it seems, should not 

be greater than No. 24 A.W.G. (American Wire Gage) and they should be 

so located that they will be protected from direct radiation from heat- 

ing surfaces of the furnace. This is ordinarily accomplished by- the 

addition of 45-degree elbows between the top of the furnace and each 

of the heat ducts, although there are many other equally acceptable 

methods of accomplishing this same purpose. 

The true average temperature of heated air from a furnace under 

test is obtained by observing the average temperature indicated by 

thermocouples located in each duct and weighting this reading by the 

air velocity in the duct. A calibrated anemometer can be employed 

with a sufficient degree of accuracy for determining the relative 

velocities in the various ducts. 

After the Thomas meter has been oonnected to the furnace and the 

outlet temperature as measured at the hot air ducts has duplicated 

conditions existing when the furnace was operating under gravity con- 

ditions the test is started. Gas meter, gas temperature, and gas pres- 
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sure readings are recorded and the barometer should also be read at the 

beginning and end of each test. A heating value determination of the 

gas oonswred by the furnace should, if possible, be made during the 

period of test. Temperature of the inlet air, average temperature of 

the heated air, temperature of the flue gases and the air throughout 

should be read at lr-minute intervals. The temperature of the flue 

gases should be secured at a suitable point immediately after discharge 

from the furnace but in no case after the draft hood where one is sup- 

plied. Samples of the flue gases should also be secured at this point 

and analyzed for carbon dioxide at least once during eaoh test. A 

suitable arrangement of the test data and sample calculations thereof 

are shovin in Table I. 

After the test has proceeded for one hour the heat output of the 

furnace during this period may be computed by use of the following 

formula: Hourly heat output in Btu per hour - Q x (T1 - T2) x s, and 

the heating efficiency of the furnace secured by dividing the product 

of this equation and 100 by the corrected cubic feet of gas burned z 

the total heating value of the gas. The complete formula for deter- 

mination of the furnace heating efficiency follows: 

Where: 

E = 
x (T1 - T2) x s 

100 
G x (CF) x H 

E heating efficiency of furnace, per cent, 

Q computed volume of heated air in ou. ft. per hour, 

s - average specific heat of the air at constant 
pressure, Btu per ou. ft. per °F, 

T2 average temperature of air at inlet duct, °F 

T1 weighted average temperature of heated air at 
outlet ducts, °F 



TABLE I 

TYPIC..L G FURA £hL .FICT.CY £ET DL 

te Furnace: Gus Coke Cven Thermocouples: 
_fg. lnpute: 90,OOu Btu/}Ir. heat.V'ilue: ¡48 Btu/cu.ft. Cir. ¡dr CU-Con. 

Lserver No. outlet Ducts; 6 p.Gr: 0.38 Flue as FE-Con. 

Size Cutlet rct5: 10" Dia. Norn.1 Terip.ise: l2.8°F Surface CU-Con. 

Total rea Outlet Lcts: 471 sq.in. Circulation:'avity 
Inlet ir Thomas Flue Gas 

HEAT INPUT OUTLET JtI1 TE:.P.TURES - LOELLIVOLTS Temp.-.v. eter Temp. 

eter Temp. 67°F. Reading v. 
.eter Pres. O.27"Jig. Duot 1 2 3 4 5 6 latta 
ar.Pres. 29.73t1H. 4.62 4.40 4.93 5.09 4.58 4.46 l.5 333 8.78 

Corr.Fact. 0.982 4.CO 4.40 4.90 506 4.60 4.48 1.53 333 8.81 
!:eter iìeadings 4.60 4.40 4.95 5.07 4.61 4.50 l.5 .33 8.80 

nd of Test, 48,792.63 ou.ft. 4.63 4.44 4.95 5.02 4.57 4.47 l.5 363 8.79 
Start of Test,48,625.03 ou.ft. 4.60 4.42 4.94 5.06 4.59 4.49 1.54 333 8.80 

Ga Consumption Ave.7T tT2 T4 tV T4 T2 333 8.796 
Uncorr. 167.60 cu.ft./hr. 
Corrected 164.58 cu.ft./hr. EIGHThD OUTLET AL TZLP4'T1J - ÌLv. 

Corroted 90,189 Btu/hr. Velocity Average .rea ieighted 
Duct t./3o Sec. Potential Sq. Potential 

FL1J LOSS :v. In. ieiçhted Average 1796.9 
Ave.Flue c;s Temp. 352.2°F. 1 68.1 4.61 313.9 Cutlet Air Temp..g 
ioorn Temp. 67.0F. 2 64.2 4.412 283.0 
Texip. Rise 290.2°F. . 

3 65.9 4.934 Rqual 325.0 Average Inlet 
Flue Gas .tnalysis 4 63.9 5.06 323.5 Air Temp. ..1.4S4Mv 

Carbon Äonoxide 0.00 5 64.3 4.59 295.5 -68.9°F 
Carbox Dioxide 7.80 6 57.0 4.48 256.0 Teinp.Riae .132.ô°F 
Oxygen o.96 Total 383.4 1796.9 

Flue_Loss_(From_Chart)__l8._ ________________________________________________________ 
EEAT OUTPUT 

.Lemperature Rise - 162.5 F. 

______ 

DUCT L$S 
,- JUot srea . Surfcoe eter Reading 333 .iatts 

Sq.Ft. Temp. F. Volume Ciroulatimg ir 27,730 .'t./Hr. 
0.01846x2.22 

2 5 117 heat Output 27,730 x 132.5 x 0.01846 - 67,825 __________ 
3 5 131 IiET BALA10E 67 825 
4 5 135 . Observed Thermal Efficiency - 9)189 lOO - 75.2O 
5 5 120 B. Flue Loss .............................. 1800 
6 5 113 C. Duot Loss .............................. 2.42 

verge 123°F D. radiation ¿ Una000unted For ............ = 4.38. 
iuct Lo8s.(123-67)X3Qxl.3-2l943tu/i E. 'Thermal Eff. of Frnaco Proper (Is A+) 77.62 

- 2184 - 2.42,. 
90,189 

I-J 
o 
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G = gas rate, ou. ft. per hr., as measured by a wet 
test meter, 

CF a gas volume correction factor, and 

H total heating value of gas, Btu per ou. ft. 

Engineers are often quite interested in securing rather complete 

information on flue losses. These data are especially valuable to ob- 

servers studying the effects of various furnace design features. Ordi- 

narily the greatest amount of heat actually lost is that which passes 

out of the furnace flue. In addition to this major loss are the radia- 

tion and convection losses. In ordinary installations, however, the 

latter are generally usefully employed, to a partial extent at least, 

in heating the home. 

Accurate determination of flue losses while somewhat complicated 

should, it is believed, be quite thoroughly outlined as there are a 

number of different methods employed for determining such information, 

some of which are not in very close agreement. It is not implied that 

the following method is the only one that should be used. However, it 

is found to give satisfactory results and is supplied for what it may 

be worth. 

One of two general conditions will ordinarily prevail in a study 

of flue losses. Either the temperature of the flue gases will be found 

to be above the condensing point of their water vapor content, whioh is 

usually the case, or else they will be below. In the first instance 

the latent heat of the water vapor content i8 lost and passes from the 

appliance through the furnace flue and into the chimney. Where the 

temperature of the flue gases is below their dew point, however, the 

greater pDrtion of the latent heat of vaporization is recovered and 

can be utilized to raise the temperature of the air passing through 



12 

the furnace. 

It might appear that a so-called condensing condition in the flue 

passage of the furnace is desirable. Admittedly it tends towards 

greater operating efficiency but many aythorities feel that the prac- 

tical difficulties which it introduces in the way of corrosion problems 

more than offsetthe advantages accruing from slightly higher efficiencies. 

During the complete combustion of city gas, oxygen in the air corn- 

bines in the furnace combustion chamber with hydrogen and carbon of the 

gas, forming water vapor and carbon dioxide. These gases, accompanied 

by nitrogen from the air used during combustion and by some 

excess air, leave the combustion chamber of the appliance ordinarily 

at rather high temperatures. On passing over the heated surfaces of 

the furnace these flue gases give up a large amount of their heat and, 

except in the case of water vapor, their temperature is reduced In 

nearly direct proportion to the amount of heat extracted from them. 

If the water vapor content is condensed to a liquid, heat is recovered 

due to this change in state. The heat imparted during a change In tem- 

perature is known as sensible heat and that during a change from the 

vapor state to a liquid as latent heat. 

It should not be supposed that condensation of all the water vapor 

occurs at any given temperature of the flue gases. The temperature at 

whIch condensation will take place depends upon the proportion of water 

vapor in the flue gases, as shown by Figure 4 and, consequently, as 

water vapor Is condensed the condensation temperature is correspondingly 

lowered. The amount of heat given up during condensation of water vapor 

varieswith temperature, being higher with a lower temperature and the 

specific heat of water is higher in the liquid state than in the vapor. 
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Applying these theories to flue loss detcrminations it will be found 

that the results obtained are likely to depend ou the temperature at 

which one considers a change from liquid to a vapor state. 

Taking the following representative flue gas analyses and tern-. 

CO2 - 8.8% 

02 4.1% 

N2 87.1% 

Flue Gas Temperature, Degrees Fahrenheit - 350 

Room Temperature, Degrees Fahrenheit - 60 

Assume the following analysis of a city gas and compute its 

oxygen requirements in theoretical combuition products as follows: 

Fuel Gas Combustion Gases - 

Analysis Oxygen Cu. Ft. 

Component Amount 

- 

Required CO2 1120 N2 

CO2 .020 - .020 - - 

C2H4 .028 .084 .056 .056 .317 

06116 .010 .075 .060 .030 .283 

02 .002 ...002 - - -.008 

112 .536 .268 - .536 1.012 

CO .060 .030 .060 - .113 

CH4 .300 .600 .300 .600 2.268 

C2116 .000 - - - - 

N2 .044 - - - .044 

Total 1.000. 1.055 0.496 1.222 4.029 
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Total volume of theoretical dry products 

(co2 N2) 0.496 4.029 a 4.525 

Ultimate CO2 : 
0.496 

x loo 10.96% 
4.525 

Heating Value = 580 Btu per cubic foot 

The flue gas analysis shows that excess air constitutes: 

ioo 
8,5 x 100 

19.8% of the dry gases or 
10.96 

19.8 X 4.525 a 1.116 ou. ft. per ou. ft. of gas burned. 
(100.0 - 19.8) 

To determine the sensible heat loss from any of the dry gases 

multiply its volume by its mean specific heat and temperature rise 

(3500 - 600 2900). For the determination of specifio heat, Figure 

5 has been supplied. The heat carried away by the dry gases is as 

follows: 

a. 0.496 x 290 x 0.02517 3.62 Btu. 

N2 4.029 x 290 x 0.01855 a 21.67 Btu. 

Air 1.116 x 290 x 0.01855 = 6.01 Btu. 

31.30 Btu per Cu. ft. of gas 
burned 

Having obtained the sensible heat loss of the dry gases, a method 

of computing water vapor losses is next presented. Water vapor is con- 

sidered as liquid below the dew point, and as a vapor above. The dew 

point is determined by the law of partial pressures for an atmospheric 

pressure of 14.7 lbs. per sq. in. 

14.7 x 1.222 
Vapor tension 

= (4.525 1.116 1.222) 
2.62 lbs. per sq. in. 

Corresponding to a dew point of 136.2°F. 

Latent heat of water vapor at 136.2° 1015 Btu per pound. 
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Sensible heat, vapor; 1.222 x 0.0222 x (350-136.2) 5.80 Btu. 

Sensible heat, liquid;l.222 x 0.04758*x(136.2 -60) 4.43 Btu. 

Latent heat; 1.222 x 0.04758 x 1015 .59.05 Btu. 

Total 69.28 Btu. 

Total Flue Loss 31.30 69.28 100.58 Btu 

Flue Loss x 100 17.3 per cent 
580 

The data necessary to determine the flue loss from any appliance 

by the above method is as follows: 

1. Amount of fuel gas being burned per unit of time. 

2. Per cent CO2 in the flue products. 

3. Flue gas temperature. 

4. Room temperature. 

5. Total heating value of gas burned. 

6. Analysis of fuel gas burned. 

7. Ultimate CO2 of gas burned. 

It is necessary to perform the following steps: 

1. Compute the temperature rise above room temperature of 

the flue products. Flue gas temperature - room tempera- 

ture = temperature rise. 

2. Compite the Cu. t. of excess air/cu. ft. of gas burned 

as follows; 

% CO2 in flue gas x 100 

Ultimate % 002 

% of flue gases which are theoretical products. 

100% - % of flue gases which are theoretical products 

excess air (going out flue with products of combustion). 

* 
Weight of 1 ou. t. of water vapor at 60°F. and 30" Hg. 
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Cu. ft. excess air/cu. ft. fuel gas burned = 

excess air x total theoretical dry products 

% of flue gases which are theoretical products 

(See analysis of fuel gas for total dry products) 

By referring to the analysis of the fuel gas, the ou. ft. of 

products (co2, N2, and H20) per ou. ft. of fuel gas may be determined. 

3. By referring to Fig. 5 determine for the flue gas 

temperature, themean specific heatsof the CO2, N2, 

Air and 1120. 

4. Compute the sensible heat content of each of the dry 

flue gases by multiplying the quantity of gas (as 

determined in item 2) by the mean specific heat (as 

determined in item 3), and by the temperature rise 

(as determined in item 1). 

5. Compute the sensible heat of the water vapor by multi- 

plying the quantity of water vapor (as determined in 

item 2) by the mean specific heat, and by the tempera- 

ture rise (flue gas temperature - condensation tempera- 

ture). 

6. Compute the sensible heat of the liquid by multiplying 

the quantity of water vapor (as determined in item 2) 

by the weight of a cubic foot of water vapor at 60°F. 

and 30" Hg, and by the temperature rise (condensation 

temperature - room temperature). 

7. Compute the latent heat of the water vapor by multiply- 

ing the quantity of water vapor (as determined in item 

2) by the weight of water vapor at 60°F. and 30" Hg 

(0.u4758 lbs.per cu. ft.) and by the latent heat of 
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vaporization at the temperature of condensation. 

8. The flue loss is then the sum of the Btu from the dry 

gases, the sensible heat of the water vapor, the latent 

heat of the water vapor, and the sensible heat of the 

liquid. 

The following precautions should be taken in flue loss deter.- 

minations: 

1. For very accurate work, the analysis of CO2 may be 

conducted with an apparatus of the modified Haldane 

type, which is sensitive to 0.01%. 

2. It is also imperative that accurate measurements be 

made when recording flue gas temperatures. 

A therm000uple reading may be in a hot spot or a cold spot, and 

a number of readings in zones of equal areas should be taken to es- 

tablish an average figure. Although a velocity thermocouple is the 

most accurate instrument for these purposes, there is not a great 

amount of radiation at the temperatures found in ordinary gas ap- 

pliances and thermocouplesmade of small gage wire are not materially 

affected by it. 

Two alignment charts, Figures 6 and 7, are supplied for oonveni- 

ent determination of flue losses for manufactured and natural gases 

respectively. These charts are particularly valuable in that by 

their use it is possible to avoid the rather tedious computations 

outlined in the foregoing example8. Each chart is capable of being 

read to within about 1 per cent of the result calculated by previously 

mentioned methods, that is, the charts yield results accurate to from 

0.1 to 0.2 per cent in the range of flue losses generally encountered 

in furnace testing. 
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In view of the fact that radiation and convection losses are 

nominal in the case of gas furnaces, no great amount of space will 

be devoted to their consideration. It seems, though, that they should, 

in the interest of oomleteness, be referred to herein. Carpenter, 

in his book entitled "Heating and Ventilating" supplies radiation 

factors for various types of materials, which may be read directly 

from the table. In the case of convection losses, however, the con- 

stant "K" must be computed from the following formula: 

For Vertical Planes Height (h) 

K 1.764 0.636 

h 

A standard method for setting forth these losses in a logical 

manner follows: 

RADIATION LOSSES 

Skin Rise 
Temp. Temp. Radia- Btu Total 

Furnace Area °F. Ave. tion per Btu 
Surface Sq.F. Ave. OF. Factor k Sq.Ft. Loss 

Front .... .... .... ... .... 

Doar ... e... .... .. .... 

Back .... ... .... .... .... .... 

Sides e... .... .... .... .... . 
Top .... .... .... .... .... .... 

Hot air ducts .... .,.. ... I. . e... 

Total radiation losses 

Convection losses may be summarized by filling in the following 

table: 
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CONVECTION LOSSES 

Temp. Loss per Total 

Furnace Area Skin Temp. Rise Cony. Sq. Ft. Loss 

Surface Sq.Ft. Temp. °F. °F. Fact. K Btu Btu 

Front ... .... .... ... .. 
Door ... .... .... . .... .. .. 
Back e... ... .... .... .., .... 

Sides .... . .... .... .... I... 

Hot air ducts... .... .... ... . .,. 1S 

Total loss Btu due to convection 

Per cent of total heat loss a 
R +- C 

G xB 

R Total radiation loss in Btu 
C Total convection loss in Btu 
G : Cu. ft. of gas burned 
B Total Btu value of gas 

Heat losses by radiation or convection from surfaces of the fur- 

noe casing or ducts is, as must be evident from the preceding tabu- 

lations, a function of the temperature of such surfaces. It is neces- 

sary, therefore, to determine accurately and conveniently surface tem- 

peratures. An accepted method of making such measurementsis by means 

of a surface temperature thermocouple and potentiometer. A special 

and inexpensive surface couple, shown in Figure 2, was developed and 

has proven to yield results approximating very closely true surface 

temperatures. 

GENERAL DISCUSSION 

In the foregoing pages a relatively simple yet accurate method 

of testing gas furnaces has been explained. While it does, as has 

often been stated, apply specifically to gas furnaces, there is no 

fundamental reason why it should not with appropriate modifications 

be utilized with equal satisfaction in determining the efficiency of 

similar types of equipment consuming solid or liquid fuels. Extensive 

use of this method during the past 10 years at the American Gas Associ- 
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ation Laboratories in Cleveland and Los Angeles has indicated that fur- 

nace heating efficiency can be determined with an accuracy of - 1%. 

Methods specified for determination of flue, radiation and con- 

veotion losses, particularly in the case of the latter two, are approx- 

imate and the writer does not claim authorship of these methods,as has 

been indicated. 

The use of Pitot tubes in conjunction with even the most sensitive 

types of micromanometers for testing warm air furnaces consume entirely 

too much time and involves a large number of laborious computations. 

There a Thomas meter is not available,large capacity rotary type test 

meters used in conjunction with blowers can be employed fairly satis- 

factorily. 'Fhere the quantity of heated air to be determined does not 

exceed 5000 cubic feet per hour it may be quite accurately measured by 

employing a large capacity dry tjpe of gas meter. Even the smallest 

floor furnaces, however, usually ass far in excess of the latter figure 

and about the only olace where the dry type of meter can be successfully 

employed is for measuring relatively small quantities of air during the 

conduct of special studies. 

As is the oase in all scientific determinations there are numerous 

precautions that must be followed if it is desired to secure truly 

representative and accurate results. Most of such items involve common- 

place errors with which almost all graduate engineers are entirely 

familiar. There are, however, a number of items that have a most im- 

portant bearing on the accuracy of the results obtained by application 

of the previously mentioned methods. The first item of this nature re- 

lates to the determination of flue gas temperatures. Mercury bulb 

thermometers should not be used for such purposes. Even where they are 

protected from radiant heat, the readings obtained are usually too low, 
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due partially no doubt to the formation of eddy currents around the 

bulb of the thermometer. On the other hand,if radiant heat froni the 

furnace surfaces is not diverted by a shield it is quite probable that 

the indicated temperatures will be too high. Still further, the tern- 

perature of the flue gases varies to a marked extent when nieasured 

across a horizontal plane extending through the center of the flue. 

Although it is admittedly possible to divide any given sized flue area 

into a great number of equal areas and secure temperature readings in 

the center of each by using a thermometer, much more satisfactory and 

rapid results can be obtained by substituting a battery of thermocouples. 

Under certain conditions the number of thermocouples necessary for an 

accurate determination of the average flue gas temperature will be 

found to restrict the flow of flue gases too much. 'here this condi- 

tion is encountered the average flue gas temperature may be obtained 

by careful use of a single junction thermocouple to exlore a repre- 

sentative cross-section of the flue pipe area. Where only one reading 

is taken in the center of the flue irrespective of the method employed, 

it will almost invariably be found to be considerably higher than the 

average, which is the figure desired. 

The same general methods suggested for determining flue gas tern- 

neratures should be ernployed,with appropriate modifications, of course, 

in determining the average weighted temperature of the heated air 

emitted from the hot air ducts. Here again it becomes important to 

protect temperature indicating devices from radiated heat, this con- 

sideration becoming more important in some instances than in the case 

of determination of flue losses. Recent experimental work conducted 

at the Laboratories with whiøh the writer is associated indicates that 

the accuracy of such determinations increases with the number of ther- 
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mocouples employed up to the point where they begin to interfere with 

the norma]. discharge of heated air from the furnace ducts. Despite 

this assumption, however, it is doubtful if the normal degree of ac- 

curacy desired in furnace testing would justify the use of more than 

5 thermocouples in any standard 10-inch duct, nor more than i couple 

for each 15 square inches on rectangular ducts, except for exceedingly 

low temperature rises of the circulating air. In the latter case, i 

thermocouple junction for each 5 square inches gives more accurate 

results. 

Another precaution that seems to be justified is the obtainment of 

weighted average velocity figures for the heated air issuing from the 

hot air ducts by use of a Pitot tube in conjunction with a differential 

slope gage reading to 0.005 inch water for higher rates of flow and a 

micromanometer reading to 0.002 inch water for lower rates rather than 

by the use of an anemometer. 

Although the manually controlled modified type of Thomas meter 

utilized in conducting all of the furnace efficiency tests supervised 

by the writer during the past 10 years is specified by the manufacturer 

as being acceptable for measuring rates of flow between 15,000 and 

100,000 oubio feet of air per hour, exoerience has indicated that it 

does not give as consistent results as desired when employed for de- 

ter]flining rates of flow below 25,000 cubic feet per hour. Fortunately, 

however, most furnaces pass considerably in excess of the latter amount, 

which makes this oonsideration of little more than academic interest. 

It will expedite the obtainment of potentiometer readings con- 

siderably if the banks of thermocouples used in indicating hot air 

duct temperatures are connected in parallel. If this practice is fol- 

lowed, readings secured automatically indicate the weighted average 
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temperature in such ducts. Furthermore, the leads from all of these 

thermocouples can be connected to a conmion switchboard, resembling in 

appearance that portion of a rheostat (See Fig. 1). This arrangement 

will also expedite considerably the work of securing potentiometer 

readings. A typical example for converting millivolt readings to 

degrees Fahrenheit follows: 

Assume the ootentiometer utilized is equipped with a ninual or 

automatic reference (cold) ,lunction compensator and that the average 

millivolt reading equals 4.80,by refernce to the Leeds and Northrup 

conversion tables it will be noted that one degree Fahrenheit equals 

approximately 0.0233 millivolts where the reference junction is com- 

pensated to degrees Fahrenheit. Hence, the average temperature indi- 

cated would equal 4.80 ± 0.0233 206 degrees Fahrenheit. 

While it is possible for one observer to conduct an efficiency 

test on a warm air gas furnace in an 8-hour day, assuming the furnace 

has previously been installed, it is much more satisfactory and more 

accurate results will probably be obtained if two men can be employed. 

Ordinarily, furnaces will not be initially installed as carefully in 

the laboratory for test as they would be on the consumer's premises. 

Consequently, it is usually necessary to tape all joints in the fur- 

nace casing, around the Thomas meter connections and occasionally the 

hot air pipes leading from the furnace to prevent leakage. Asbestos 

tape or some other equally satisfactory material may be used for such 

purposes. 

If an appreciable amount of testing is involved it seems desirable 

to make the Thomas meter test set-up portable (See Fig. 1). This can 

be done rather inexpensively by mounting the whole apparatus on a 

wooden platform properly braced and supported by casters. This arrange- 
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ment avoids the necessity of having to assemble the various parts of 

the aooaratus before each test and adds considerably to the efficiency 

and convenience with which the air measuring apparatus may be employed. 

If for any reason it should be considered desirable to compute 

either the radiation or convection losses by subtracting the heating 

efficiency olus flue losses plus either the computed radiation or con- 

vection from 100 ?er cent, it is suggested that for gas furnaces this 

practice be confined to obtainment of the former item. In any event 

radiation losses should be found relatively low and where any errors 

are present, their magnitude would probably not be as great as though 

the percentage of heat lost by convection were arrived at by such a 

method. 
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CONCLUS IONS 

1. An accurate and raid method for determining the thermal 

efficiency of gas warm air furnaces has been oresented herein. With 

unimportant modifications it should be possible to apply it in test- 

Ing similar types of furnaces consuming solid or liquid fuels. 

2. The method described by the author has been successfully 

employed by the American Gas Association Laboratories for the past 

10 years in making hundreds of tests. This fact seems to prove its 

worth not only from a theoretioal but a practical standpoint. 

3. It is hoped and believed that the development of the test 

method outlined in the foregoing pages will ultimately prove a de- 

cisive factor in the continued and satisfactory growtn of the warm 

air heating business which has been such an important cnnsideration 

in contributing to the comfort and oonvenience f so many American 

homes. 
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