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INTRODUCTION 

A boiler test as a thesis involves about an equal amount 

of mental and manual labor, The mental part requires much 

study of the code itself in order to make a proper application, 

and also, a study of the history of the development of the 

code, The manual part ITSlveE calibration of the various 

instruments, of which the V-notch meter is by far the most 

difficult. The actual test involves only the boilers of the 

University of Tennessee Power Plant, and is the latest develop- 

ment in boiler tests up to the present time. 

The boiler test was selected for this thesis first, be- 

cause it involved both mental and manual labor; second, it 

enabled the engineer to make a direct application of much in- 

formation obtained from his studies of Thermo-Dynamics and 

Steam Engineering; and third, it offered a certain amount of 

actual experience in boiler testing which will be of great 

value in specializing in Power Plant Engineering. This test 

differs from a regular class test in accuracy and thoroughness, 

Furthermore, since the engineer had charge of the test, he 

became familiar with every phase of it, and it was under his 

direct supervision and observation during the whole period of 

twenty-four hours. On the other hand, in tests conducted by 

the regular class, the students performing the same become 

familiar with only one phase, 



CHAPTER I =~ CONCLUSIONS 

The results of this test prove that: 

1, Excellent combustion is obtained. 

2. Very little heat goes to waste in dry chimney gases, 

3. The boilers are capable of producing a high efficiency 

even though operating under their rated capacities. 

4, Had the boilers been operated at their rated capacity, 

the evaporation per pound of coal would have been 

higher. 

The average CO results, a percentage of twelve per cent 
2 

(12%), indicate good combustion. The flue gas temperature in 

this experiment is entirely too low, but it does not cast any 

reflection on the boiler's ability to transfer heat. It does 

show that there was supplied considerable amount of excess air, 

oa direct result of the irregularities in the governor on the 

fan engine. An overall efficiency of sixty per cent (607) for 

the grates and boilers was obtained at a sixty-nine per cent 

(69%) reting., This result is good, but nadine rating been 

higher, the efficiency would nave been proportionally higher, 

Results in power plant tests show that maximum ef ficiency is 

obtained when water tube boilers operate between one hundred 

and sixty (160) and two hundred per cent (200%) rating. The 

evaporation of only eight (8) pounds of water to the pound of 

coal is only another indication that the boiler's load was too 

light, and that one boiler should have done the work of both, 



CHAPTER II - GENERAL SURVEY OF THE FIELD 

1. The boiler, like other new inventions and discoveries, 

in its evolutionary stage of development had a very crude be- 

ginning, Even then, man was curious to learn how well a 

boiler would perform and how much work one might expect it to 

do. The methods for measuring its capacity or power (rate of 

doing work) must necessarily have been crude since the boiler 

was a new invention and little was known about its character- 

istics of operation and the laws governing its performance. 

Then, too, the unit for measuring the boiler's usefulness had 

to be a unit easily understood and applied. This unit, which 

was called the horse power, was obtained from the device, fre- 

quently seen in farm yards in those days, by which the power of 

a horse was utilized for driving the threshing machine or 

other machinery, Since the boiler and steam engine were sub- 

stituted for doing the work of the horse, their output and 

capacity were measured in horse power, James Watt established 

this unit and sold his engines by telling his customers how 

many horses they would replace. He estimated that a strong 

London draught horse was capable of performing 550 foot 

pounds of work in one second, 33,000 foot pounds in a minute, or 

1,980,000 foot pounds in an hour. This was then accepted as an 

arbitrary value for this unit and has come down to this day as 

such. 

2. In America the practice has been to rate the capacity 

of boilers in terms of boiler horse power. Custom has brought 

this about even though it frequently leads to a misunderstanding. 



However, there is a logical tendency to abandon the use of 

horse power as a measure of boiler capacity. But, this prac- 

tice is now so universal and well established that it will re- 

quire a long time to abandon it and substitute a more rational 

basis for measuring boiler capacity. In a strictly rational 

sense horse power is a unit of work for general use among 

prime movers, such as steam engines, water wheels, etc. As 

defined and used in mechanics, "work is overcoming resistance 

through space” and "power is the rate of doing work per unit 

of time." Since the boiler, while in service, implies no 

motion, it cannot produce any power in the true sense of the 

applied term in mechanics. In actual operation the boiler athe 

only as a medium. It conveys the energy of the fuel (heat 

energy) to a prime mover which converts that energy into energy 

of motion or work, and power is thereby developed. 

A committee of judges in charge of the boiler trials at 

the Centennial Exposition at Philadelphia in 1876 sought to 

eliminate the indefiniteness of the term "boiler horse power", 

They ascertained that a good engine of the type prevailing at 

that time required approximately thirty (30) pounds of steam 

per indicated horse power developed. To establish the relation 

between the engine power and a boiler to supply that power, they 

recommended that an eveporation of thirty (30) pounds of 

water from an initial temperature of 100 degrees Fahrenheit to 

steam at 70 pounds pressure per square inch gage be considered 

as one boiler horse power, In 1889 the American Society of 

Mechanical Engineers standardized this recommendation which 

has been, until recently, the standard accepted by American 



Engineers, Whenever boiler horse power is used in America in 

connection with stationary boilers, it is understood to have 

this meaning. It is customary, however, to consider the 

standard boiler horse power as recommended by the Centennial 

Exposition Committee in terms of equivalent evaporation from 

and at 212 degrees Fahrenheit, This means that thirty (30) 

pounds of water evaporated must be multiplied by a factor of 

evaporation, This factor, which is obtained from a 70 pound 

pressure per square inch gage and 100 degrees Fahrenheit feed- 

water temperature, Yos 2 value of 1.194, This means that the 

boiler horse power is a measure of evaporation and not of 

power, Therefore, its equivalent value would be 30# X 1.194 

= 34,482f# or approximately 34.5# per horse power. 

In present day practice boiler builders rate their boiler 

horse power upon heating surface. Usually ten (10) square feet 

of boiler heating surface is allowed to the horse power. This 

is what is commonly known as the normal or builder's rating. 

This rating does not bear any significance or meaning whatever 

to boiler operation. It only means that there are so many 

square feet of heating surface to the horse power. The builders 

determined their rating from early operation by the fact that 

they considered one square foot heating surface would evaporate 

from 2,5 to 3 pounds of water per hour. The evaporation has 

increased from time to time as the art of boiler making and 

operation has progressed, until to-day one square foot of boiler 

heating surface evaporates from 4,5 to 6 pounds of water per 

hour. Therefore the normal rating is purely an arbitrary value 

and does not in any way alter the definition of boiler horse 



power as given in the preceding paragraph. 

Despite the fact that there is a growing dissatisfaction 

caused by the indefiniteness of the terms capacity and boiler 

horse power, custom has so well established these terms that 

no other proposed methods, offering a more definite and ration- 

al basis for rating capacity, have ever been universally ac- 

cepted. The most logical to rate boilers is on size only, 

(expressed in so many square feet of boiler heating surface), 

since the ultimate amount of evaporation is dependent upon the 

quantity of fuel fired. The American Society of Mechanical 

Engineers Committee on "Definitions and Values" of the Power 

Test Codes has recommended this basis of rating boilers. The 

same committee has recommended that boiler output, instead of 

being given in terms of boiler horse power, be expressed: 

(A) "By the heat output in steam delivered by the unit 

per hour, as represented by the difference between 

the total heat in steam delivered and in the feed- 

water as fed to the unit; 

(B) "By the actual evaporation in pounds of steam per 

hour at the reported steam pressure and quality or 

temperature of steam, and the reported feed water 

temperature; and 

(C) "To do away with the objection resulting from (A) 

to the use of large numbers, that the total heat 

output be expressed in ‘units of output', such 

units being determined by the total heat output, {A), 

divided by 1,000." 

supplementary definitions - See Appendix A 



3s The necessities and possibilities of boiler tests 

are best illustrated by a narrative of an actual boiler opera- 

tion*., The moral of that story is summarized in the last 

sentence, Even in the most modernly designed plant,which would 

represent the last word in power plant engineering,and under 

ideal operating conditions, a proper and sufficient number of 

instruments must be supplied and performance tests run, These 

are absolute essentials that the power plant engineer may know 

how well he is operating the plant. He may be operating it the 

very best he can, but without tests and necessary apparatus, 

he will not know how well that is. 

*See Appendix B 



CHAPTER III - STATEMENT OF PURPOSE 

The primary purpose of this thesis was to determine the 

overall efficiency of the grates, boilers, and feed water 

heater under actual operating conditions. The ulterior pur- 

pose for choosing this test as a thesis was the experience to 

be gained in running tests on power plants. Then, too, this 

test combined admirably the mental and manual labor which made 

it a creditable subject for a thesis, The secondary purpose 

was to write a brief, concise, intelligible, and interesting 

history of the development of boiler tests. The last purpose 

was to give a short, terse, and pointed statement or summary 

of the results and possibilities. 



CHAPTER IV - GENERAL THEORY 

The boiler efficiency is the ratio of the amount of heat 

absorbed by the boiler in B,T.U.'s to the amount supplied in 

B.T.U.'s, Under actual operating conditions all the combustible 

supplied to the grates in the form of coal is not burned. 

Therefore, the waste heat in the unburned combustible cannot be 

charged against the boiler. So far there is no absolutely de- 

pendable method for determining the amount of heat lost due to 

unburned combustible, and moreover, there is no reason for 

separating the boiler and the grates in calculating the efficien- 

cy. Thus, the efficiency is determined for the boiler and 

grates jointly. 

For power plant tests the one general and recognized code 

is that drafted by the Power Test Code Committee of the American 

Society of Mechanical Engineers. There is a code for each 

particular class of power plants, such as solid fuel burning, 

gaseous fuel burning, etc. The code must apply properly to the 

plant under test, 



CHAPTER V « PERFORMANCE OF TEST 

1, This test was conducted under the directions of the 

A.S.M.E.Code, because this code is most generally accepted, 

and universally employed for performing power plant tests, 

2, In this test no detailed theoretical considerations 

were involved. Everything was detailed and all calculations 

were indicated in the code. The code stated the instructions 

for making the test very thoroughly, and all that ih necessary 

was to follow carefully these instructions, record all test 

data, substitute this data in a code log, and make 211 indicated 

calculations, 

3, The greatest hindrance encountered in running this 

test was the adjustment and calibration of the V-notch weir 

(meter). The installation of the feed water heater was the 

chief cause of this impediment, The proximity to the wall 

made the approach chamber rather dark, a condition which ren- 

dered work most difficult. It is necessary to determine the 

zero level of the V-notch weir in order to adjust the meter. 

This level is obtained by adjusting the water surface of the 

approach chamber until it is exactly level with the apex of 

the weir. For this purpose the weir is manufactured with two 

lugs, one on either side and exactly in line with the weir's 

apex. The lugs, which extend one-fourth 2) of an inch from 

the weir, eliminate the possibility of any error that might be 

caused by capillary attraction. The water surface is then ad- 

justed until it barely coincides with the faces of the notches, 

The accuracy of the adjustment of the water surface is raised 



1} 

to a higher degree by the use of a magnifying mirror. 

In installing the feed water heater it was leveled from 

some external place, and nét by the weir. Consequently one 

lug appeared below the surface of the water, and the other a- 

bove, Also, in all probability the weir was not leveled in a 

vertical position. Under these conditions it was impossible to 

determine the zero level with any degree of accuracy. Since 

this condition could not be remedied, the zero level was got as 

well as possible by approximation, but this was not any better 

than a good guess. The meter was then calibrated and its read- 

ings showed an error of 13.9%* low. This error is mostly, if 

not wholly, due to the installation of the feed water heater, 

4, The possibilities of error in this test were confined 

mostly to the human element. The Co, recorder presented another 

possibility of error in that on the day of the test it regis=- 

tered from five (5) to seventeen (17) per cent CO, Very like- 

ly this was a correct reading because the instrument was checked 

and adjusted with the Orsat apparatus only two days before the 

test. However, this apparatus was not an accurate instrument 

for checking the CO, recorder, because it was later found that 
2 

the liquids were slightly mixed, and air leaks appeared in the 

tubing. An attempt was made to analyze the fluegas with the 

Orsat apparatus,but because of the facts just mentioned, the 

results of these analyses were disregarded and only the COg 

readings were accepted. 

5. To reduce all eroors to a minimum, proper log charts 

were compiled, students were assisted and instructed in their 

* See Appendix Fig. 4a and 4D 



particular parts, the work of one shift was co-ordinated with 

that of another, and the entire test was conducted under pers 

sonal observation. 

6. The average COo percentage may not be considered 

unique, but it is extraordinary. Most power plant engineers 

would seriously question this value on the ground that values 

for COy results from six (6) to nine (9) per cent are good 

for best equipped plants operating under fairly ideal conditions. 

There are even some engineers who are skeptical of automatic 

devices for producing dependable and reliable results. Auto- 

matic devices cannot be relied upon too much for reliable re=- 

sults, though they are capable of furnishing fairly accurate 

records when the engineer understands their operation and cares 

for them properly. In running tests, these records should be 

checked and supplemented by other apparatus for that purpose, 

Excess air, which varied from a small to a large per cent, and 

the Hay's recorder, which fluctuated between five (5) and 

seventeen (17) per cent may be interpreted to indicate that the 

recorder is a reliable indicating device and that the results 

in this test are approximately correct, Furthermore, while no 

smoke observations were recorded, smoke from the chimney was 

conspicuous by its absences 2nd this also indicates that fairly 

complete combustion took place, and that the Cog results are 

fairly reliable, Also these results are possible because the 

official tests on the famous Hell Gate Station show Coy percent- 

age 11.69% and 12.01%. 

Fluegas temperature might be considered another extra- 

ordinary feature of this test. A comparison of the Coy results 

12 



13 

in this test with Table B* of the Thirty-sixth Bditién of 

Steam shows that percentages of excess air varied from ten 

(10) to one hundred and fifty (150) per cent. Thus, this was 

the chief cause of COg percentage varying from low to high per 

cents, The chief cause for excess air was the irregularities 

of the action of the governor on the fan engine. At times the 

fan raced at high speed and at others it ran at decidedly low 

speeds, This condition,coupled with the operation of the 

boiler under rated capacity, served to reduce the temperature 

of the fluegas outlet, 

* See Appendix 
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CHAPTER VI ~- DATA AND CALCULATIONS 

General Information 
1. Date of test . . ’ . . 4/30/26 
2. Location . . . . Knoxville, Tennessee 
3. Owner . o . « University of Tennessee 
4, Maker of boiler . . . Walsh & Wiedner Boiler Co. 

Chattanooga, Tennessee 
5, Type of boiler . . . Two-Water Tube Boiler 
6. Maker and type of fuel burning equipment 

Two-Taylor Underfeed Stokers 
7. Test conducted by . . . Everett Dee Phillips 
8. Object of test . . . «To determine the overall 

working efficeincy 

IT 

Descriptions, Dimensions, etc, 
9. 5 Boiler heating surface . 5 boiler) 3270 sq.ft, 

b nw 2 Hn . (total) . 6740 " 
10, (a) Grate surface . gor grate) . . . 66 

b " " « (total) . . 132 " 
11, Draft . . . . Forced and chimney draft 
12. Fuel , . . . . Bituminous, nut, and slack 

Fields .. IaFollete and Jellico 
13.(a) Volume of combustible space . (per boiler)... 

597 cu.ft. 
(pb) n " n " (total) . 1194 " 

14, Furnace, center of grate to nearest heating 
surface . 0 ft, 

15, Furnace volume per square foot boiler heating 
surface. oo 0,177 cu.ft, 

1371 

Fuel and Gas Analyses and Data 
A, Fuel approximate analysis 
16, Volatile matter . . . . . . 32.81% 
1%. Fixed carbon ° ® ® ° . . 57.11% 

18, Ash ® ° ° ° . ° . ° 8. 79% 

19. Moisture . (as fired), . . . 1.29% 
20, Heating value per pound . (as fired). «13, 349 B.2.Y. 
21, Size of coal . (as fired) . . nut and slack 

Be. Fuel, ultimate analysis . (Sulphur, ash, moisture free) 

e 
®
 

©
 

o 
5
0
 
~
~
 

0
 

0
 

®
 

22. Carbon ° ° . ° ° ° . . 33. 75% 

23, Hydrogen . . . . . . . 5.29% 
24, Nitrogen ° ® ® . . ® ° 1.66% 

25. Oxygen . . . . . : . 9.30% 
Ce Gas 
26, Fluegas analysis, boiler outlet 

a COg ® . . ° ° ® ® ° 12. 00% 

b Og El ® ® » ® . ° 3 8. 00% 

14 



(c Ld LJ LJ ® [J LJ ® . 1.00% 

(a . . 79.00% 
27. Dry i Bez pound of fuel, boiler outlet. . 15.08 1b, 
28. " u u * , theoretical . . 11.73 1b, 
29. Air supplied per pound of fuel, furnace . 

(as fired) . e 15.44 1b. 

Iv 

- Pressures 
30, Moisture in air . . 0.0049764 # per 1b, of air 
31. Steam pressure by gage, boiler . oe . 

166 1b, pressure per Sq. ine. 

- 

Temperatures 
32, Steam pressure (oy Splerineter) 259 deg.Fah, 
3%, Moisture in steam . . . 2.91% 
34, Temperature in boiler room . (ave. ) . 82 deg. Fah. 
35, Temperature gases leaving boiler . 2%% J 
36, Temperature of feedwater éntering boiler, 190 * " 

VI 

Hourly Quantities 
37. Duration of test . . . o . 24 hrs, 
38. Fuel as fired per hour . . . . 1876 1b, 
39. Fuel as fired per sy. ft. of grate por hour 14.21 1D, 
40. Fuel as fired retort per Aad . 234 1b, 
41, Combustion space per pound of coal per hour 

(as fired). . 0.637 cu.ft, 
42, Refuse per hour o . . . . 188 10, 

43, Actual water per hour . . N . 15,150 1h. 
44, Factor of evaporation . . . 1.046 10, 
45, Equivalent evaporations per hour . . 15,847 1b, 
46, (= Units of evaporation . . . . 153,779 U.E. 

b) Boiler horse power . (avge) . 459.3 Hp. 

VIX 

Refuse 
47, Refuse per cent of fuel . (as fired) . . 10.00% 
48, Percentage of combustible in refuse o . 18.00% 
49, Carbon burned per pound of fuel . (as fired). 0.8195 1b, 

viii 

Evaporation 
50, Actual evaporation per pound of fuel . (as fired) 

51, Equivalent evaporation per pound of fuel . 
(as fired) . 

8.076 1b, 

8.045 1b. 
52, Equivalent evaporation per sq.ft. heating surface 

per hour . 
53, Units of evaporation absorbed per sq.ft. of 

2.35 1b, 

15



boiler heating surface per hours... 12.8 UE, 
54, Percentage rating . . . . ” 66.29% 

= 

Efficiency 
55, Efficiency of boiler, furnace, grate . . 81.45% 
56, Efficiency . (overall, including feedwater 

heater) . . . 70.99% 

X 

Heat Balance Bel. Us Per cent 

1. Heat absorbed by water and 
steam in boiler : 8,190 61630 

2. Heat loss due to moisture in coal 15 0.12 
3¢ Heat loss due to water from 

combustion of hydrogen 561 4,20 
4, Heat loss due to moisture in air 10 0.10 
5, Heat loss due to chimney gases 1,101 8.26 

6, Heat loss due to imcomplete 
combustion of carbon 640 4,%9 

7. Heat loss due to unconsumed 
combustible in refuse 1,345 10.08 

8. Heat loss due to unconsumed 
hydrogens, hydro-carbons, 

radiations, and unaccounted for 1,485 1leal 

Total 13,347 99,97 
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APPENDIX 

“ 

AJ*Supplementary Definitions: 

1. 

2e 

Se 

4, 

BoM 

The measure of the efficiency of a boiler is the number 

of pounds of water evaporated per pound of combustible 

(coal less moisture and ash), the evaporation being re- 

duced to the standard of from and at 212 degrees Fah, 

The capacity of a boiler is the amount of boiler "horse 

power" developed. A horse power for this purpose is de- 

fined as the evaporation of 34.5 pounds of water per 

hour "from and at 212 degrees Fah," 

The relative rapidity of steaming of boilers is the 

number of pounds of water evaporated "from and at 212 

degrees Fah." per hour per square foot of heating surface. 

The relative rapidity of combustion of fuel in boiler 

furnaces is the number of pounds burned per hour per 

square foot of heating surface. 

A manager of a large industrial corporation in Chicago 

was showing me, with a great deal of justifiable pride, the 

intricate and comprehensive system of cost accounting adopted 

by his organization. Every phase of manufacture from selection 

of raw material to merchandizing of the finished product was 

covered with records of material used, time studies, labor 

costs, power requirements, and overhead charges. Thousands of 

*From Kent's Handbook % From Boiler Room Operation 
by G.F.Gebhart 
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dollars were invested in testing machines, counters and other 

labor saving devices and a small army of clerks was employed 

to take care of the records. All together it was the last 

word in scientific management and accounting -- for the 

factory. The power plant, and particularly the boiler room, 

was apparently not included in the magic circle, because no 

attempt was made to record other than the electrical output, 

cost of labor and supplies; and boiler room instruments were 

conspicuous by their absence, 

When asked why he did not apply efficiency methods to 

the power plant as well as to the factory, he said, "Why in- 

stall instruments that only increase the plant overhead and 

maintenance charges, and why collect a bunch of records that 

only conjest the files? In my old plant I dolled up the boilers 

with every contrivance that the engineer called for and I got 

a lot of charts -- pressures, temperatures, drafts, steam 

flow, COs, and the like, but the coal bill was just the same 

as the year before the instruments were installed, The weather 

conditions both years were about the same and there was no 

increase in the electrical output, On the other hand the records 

in the factory mean something. They tell us just exactly what 

each department is doing and where the trouble lies in case the 

output is not what it should be. No sir! Not for me! TI know 

when I am well off! I still have my old engineer because he 

knows how to keep my factory running, and he is operating it 

satisfactorily without a lot of expensive power plant orna- 

ments," 

"But," I replied, "how do you know that your power plant 



is operating at its best commercial efficiency, and how did 

you arrive at the power and steam costs for your factory 

records? And, furthermore, are you sure that the use of the 

boiler room instruments in the old plant did not better the 

economy of operation?! 

"Well," he said, "we are getting all the power and steam 

that we need at practically the same costs as the old plant and 

we have added considerably to the equipment -- that answers 

your first question. We took the total boiler and power plant 

operating costs and prorated them to the best of our knowledge 

among the various departments -- that answers your second 

question. As for the old plant, I have already told you that 

the yearly cost of operation with instruments showed no im- 

provement over the AION CY year when we operated without them, 

and heating and power loads were approximately the same." ; 

The chief engineer, who had been called into the office 

and who had been listening to the discussion, remarked at this 

point, "ir.llanager, as I have told you before, I am positive 

that I made good use of the instruments inasmuch as I raised 

the average rate of evaporation from 6 lb. per lb. of coal, the 

day the instruments were put into service, to 7.2 1b, the day 

we abandoned the old plant. You did not want me to overhaul the 

steam appliances in the process rooms and heating system because 

of the building of the new plant, and I feel sure in view of 

the run-down condition of the equipment, that we generated 

considerably more steam than we did the year before even if the 

weather and electrical load conditions were about the same. We 

had no steam-flow records for the earlier years and so were un- 

III 



able to make comparisons, I am doing my best with the new 

plant,but how good that is, I don't know, and I never will 

know without some sort of check." 

Ce Variation of Cog with Different Percentages of Excess 

Air 

Excess Air Per Cent —— COg Per Cent 

0 18.43 

20 15.29 

40 13,06 

60 11.40 

80 10.11 

100 | 9.09 



APPENDIX — F/G. 4a 
CALIGRAI/ON CF VNCICH METER 

METER READINGS 
2022 £43602 

(SI 643431 : 
: LYE QOL 7] 

MULT. METERDIFE X230 7008? AN AWAT EAL 
{7/X250 =42730 # WATER 

L831 AUN— MONDAY 

TANK—A TANK — B 
INLWTE FINWT. | DIFF. WUNIWTIFINWTIDI FF. EE 
23/1/1276 | /O043 | 2401/7376 | 1/36 Pare 
3251//80 S55 1 270/223 1/023 1/878 
325/208 833 i 32/7421 1 //00 | /9283 
721/273 00/ 29211403 | 11] { 1455 
(2/25) 232 1 3201/1332 | 1012 [944 
322) // 66 844 | 305] /404 | 1099. | 1943 | 
360] 066 206 § 30/1/3557 1/056 J /762 
3(4)| /072 758 299] /2685 | /066 || 1824 
309] 1299 290 | 302 1762 | 1066 | 2056 
30/1} 1383 [082 | 217  /358 | 1041 2{23 
2731 1205 927 | [218 1 1/21 2048 | 

L296! 164 S65 || 1296 | 999 [867 
282] /358 | 1076 | /340 | 10/8 ra 
2235. J/355 1 030 7289 | 2083 
2621 /334 | /07/ {3c | a7 2/63 
2771/2899 | [0/2 [397 F YY ei 
2961 /262 P66 / 331 1282 
300] /200 900 | | 384 108 1981 | 

2931 /233 | 35012 Sol [4/0 | 1124 | 2084 | 
3/3] [265 | D2 02 "2062 | 
300] /200 JOC | 3/31 /4/C 797 1 (797 | 
F851 12. 573 3/19 | /4Z {0 20% 

: [280 787 1 360] / | 
F716 1 33 



APPENDIX —F16G. 4s 
/ 

MET INGS 
289 640 
[52 640462 
DIEE. 000/20 
[20X 250 =30000#WATER 

| SECONDRUN—TUESDAY 
| WEIGHTS OF TANKS WATER IN £2 

TANK—A TANK — | 
INIWTIEINWTI DIFF. WUINIWTIFINWTI DIFF. | TOTAL 

| [56] /100 944 | /o00| 1/24 | /034 | 1/978 
227 240 | [013 ll 282 1285 | i004 | 20174 
239 1306 j067 ll 209! /420 | 1110 

| 260| /343 | 1083 274| /434 | [1&6] 4 | 
2711 /13092 | 10381 29/1 (172 38 1t / 
295] 1276 98 | 302! (177 874 [B58 | 

288| 1241 953 Ll 2981 139 841 1794 

| 289] (20! 9121 2589] 1/88 399 7811 
290| /224 934 | 2501 13/8 | 71069 200] 
27/1 1298 1027 | 265] 1234 269 19926 

2931 /3é2 [1069 || 332] /224 | 992 206/( 
288| 1366 1078 350) /13501 1000 || 2078 

276| /334 [058 | 308 1/325 | /0(7 2074 

289 /350 (06! || 346| [344 998 | 2059 
284 /336 [052 | 347 | 1395 | i048 2100 

| 288] [1221 933 | 342 1/1349 | 1006 || (2372 
| 296] /294 998 Il 3561 1249 1 993 I (129/ 

SUM TOTAL 4097 

WATER USED BY WEIGHT = 34097 

ud REG. MEIER = 30000 

DIFFERENCE = 04097 
PER CENT ERROR=4097+30000X/00= [366 
MEAN PERCENT ERROR =/4./14+/3.66 +2=/3. 9 

ATMOSPHERIC CONDITIONS— U.S. BUREAU 4-30-2 

BAR. VAP PRESIREL HUM| DRY BIWETE. 
2A. MT 30]7 0237  S7dr¢ 53.8% 463°F 

| /2 NOON 0.211 ely 16.2" 5477 
7 PMI 30.04 | 0.195 £3 4 76.0" 3520" 
AV’GE | 50.10 | 0.221 Tg ex 771 82.1" 
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