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PREFACE 

This thesis is divided into three parts:- 

{1) Radiation loss in the two main pipe lines on the Univer- 

sity Campus; (2) Construction of Iso-Temperature curves, 

showing the temperature distribution around the conduit carry- 

ing the steam main; and, (3) Determination of the total heat- 

ing load supplied from the present heating plant, 

This subject was chosen for a thesis because comparatively 

little is known about the subject, Each individual installation 

is at best only an experiment, Also, the facet that no previous 

tests have been made on these two pipe lines, was a chief in- 

fluence in selecting the subject. It was thought that the con- 

struction of Iso-Temperature curves, spowing the temperature 

distribution around the pipe line, would be very interesting, 

as no such data is at present available. 

At this time we wish to express our indebtedness to W. Re. 

Woolrich, Proffessor of Mechanieal Engineering at the Univer- 

sity of Tennessee, and Leo Holdredge, Instructor of Mechan- 

ical Engineering at the University of Tennessee, for their 

valuable assistance. It is hoped that the information obtained 

in this thesis can be of use to Mr. Holdredge in his lectures 

on "Heating and Ventilating”. 

77 SES 
( 

University of Tennessee 

May 25, 1927 



CHAPTER I 

RADIATION LOSS IN THE STEAM DISTRIBUTION SYSTEM OF THE 

UNIVERSITY OF TENNESSEE 

1. GENERAL SURVEY. A short time ago the authorities of the 

University of Tennessee, desiring to heat all the buildings on 

the campus as economically as possible, decided to replace the 

several small low-pressure heating plants with one large central 

heating plant. 

In preparing plans and specifications for an underground 

system of insulation, the MeColl system was decided upon. In 

this system 85% Magnesia is used, and is placed on the pipe in 

sections. Open joint underdrains were placed in sub-trenches 

at the bottom of the conduit trenches. The bottom halves of the 

conduit were then laid on a crushed stone bed, and at 14 foot 

centers roll frames, with rollers to allow for the steam pipe 

expansion, were set in concrete piers. The piping was then 

lowered onto the roll frames and the joints were screwed, After 

the piping had been subjected to a hydrostatic test, the sec- 

tional insulation was placed around the pipes and the top sec- 

tions of the tile-containing members were applied. All joints 

were cemented and waterproofed and the tunnel backfilled. (See 

plan map of campus, in Appendix, for details of construction 

of conduit, expansion joints and manholes for the Strong Hall 

line). Work on the main to Strong Hall was completed in the 

Spring of 1925. 

The line to the new Home Economics Building, however, was 



not installed until the Summer of 1926. A new system was em- 

ployed throughout on this line. All joints were welded, except 

on the high-pressure return line, which was screwed pipe. The 

- method of anchoring the pipe line was different from that shown 

in the detail drawing in the Appendix. The insulation was seal- 

ed to preveht heat transfer between manholes. Also different 

tyres of expansion joints were used. On the whole, however, it 

may be said that this method used on this line is a better 

system of underground inshlation. 

2. PURPOSE OF TEST. The purpose of this thesis test was to 

determine the radiation loss, expressed in B.t.u, per sq. ft. 

of exterior pipe area per deg. Fahr. difference in temperature 

per hour; and also to determine the efficiency of the insula- 

tion on the pipes. It is also intended to show the decrease of 

efficiency caused by the radiation in the manholes. 

3, GENERAL THEORY, The heat losses from bare pipe in still 

air have been determined by numerous investigators under vari- 

_ ous differences of temperature between outside and inside of 

pipe, and these agree very closely. There is, therefore, no 

feason why the loss from bare pipe should not be adopted as the 

standard on which the efficiency of underground covering should 

be based, The thermal efficiency of underground pipe insulation 

can, therefore, be stated as follows: 

"The thermal efficiency of an underground pipe comering is 

the ratio of the saving effected by the insulation, to the loss 

from bare pipes under similar temperatures installed in still 

air; or, in other words, it is the saving of heat effected by 



the insulation over what the same area of bare pipe would 

lose in still air at the same temperature difference. 

The above expressed in a formula would be = BL 

E =the thermal efficiency of the pipe covering 

B = the loss from bare pipe 

C =the loss from covered pipe, the conditions of 

temperature difference, etc., being the same in 

both cases, 

The effieiency of the insulation was caleulated under two 

different conditions:- (1) The efficiency was caleulated for 

the unit as a whole--that is, from the time the steam leaves 

the heating plant in the high-pressure feeder main, until it 

returns to the heating plant in the high-pressure trap dis- 

charge line. In this case the heat loss per pound of conden- 

sate returned, will be the difference in heat content of the 

steam in the line and the water that is collected. (2) The eff- 

iciency was then calculated, neglecting the effect produced by 

the high-pressure return line--that is, from heating plant to 

trap. In this case, the radiation loss per pound of condensate 

will be equal to the latent heat of the steam in the line, as 

the condensate will be delivered to the high-pressure return 

line at a temperature corresponding to the pressure in the 

steam line. 

4, METHOD OF PERFORMANCE. The test in general consisted in 

supplying steam to the high-pressure feeder line being tested, 

and collecting and weighing the water condensed and returned 

through the trap discharge line. The pressure on the line was 

maintained constant through a pressure-reducing valve. Each of 
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the two lines was tested seperately. 

Readings were taken to determine the boiler pressure, the 

quality of the steam leaving the boiler, pressure on the line 

being tested, temperature of the condensate returned, temper- 

ature in each manhole on the line, temperature of the ground 

320 £t. away from the conduit, and the temperature of the out- 

side air. 

When steam passes through a pressure-reducing valve, the 

change is a constant heat content change. This law of thermo- 

dynamics was made use of to determine the heat content of the 

steam in the feeder line being tested; the quality and the 

boiler pressure being known. 

The total number of sq. ft. of pipe surface was calculated 

from the length of the line and the sizes of the mains (see 

plot plan in Appendix). Knowing the &emperature of the steam 

in the main and the temperature of the ground, the temperature 

difference was calculated. From a chart furnished by Johns- 

Mansville Inc. (see Fig. 1) the B.t.u. loss in still air per 

sq. ft, of exterior pipe area per deg. Fahr, temperature dif- 

ference per hour, was obtained. From these, the heat loss per 

hour from the equivalent bare surface in still air, was calcu- 

lated. Knowing the equivalent heat loss in still air and the 

actual heat loss in the line, the efficiency was calculated 

as shown on page 4. 

5. DATA AND CALCULATIONS. (See next page). 



DATA FOR STRONG HALL LINE 

Date of teSt-—-wenecccc cme merce —————— May 8, 1927 

WER ERO TL mm re mr cn res en ee ee tt Clear 

DUTSLION OF 108 bac mmmmm rrr mwa we cam mw —— 4 fre, 

Average temperature outdoorS-----eeeccccmaaaa. 65 deg. Fahr, 

Average temperature of ground 30 ft, from 

eonduit----mm mmm eee 58 deg. Fahr, 

Average temperature in manholeS~e-—eceme—cace= 137.6 deg. Fahr, 

Average boiler pressure, gauge---==-mmeece—a== 150# 

Average steam pressure on line, gauge-~--=e=—- 35# 

Average steam temperature on linee-ceecemeeeeaa 281 deg. Fahr, 

Average quality of steam leaving boiler--meee- 97.6% 

Average quality at Reese Halleweememeocmacaaaa 90.1% 

Average quality at Strong Hall-~meeencececcnea 98 . 7% 

Tatal weight of condensate-~-mmemmmrrenccecan 682# 

Total weight of condensate per hour--eeeececa- 170.5# 

Average temperature of condensat@e--——ececeee-- 189 deg. Fahr, 

Heat content of steam (from Mollier chart)----1176 B.t.u. 

Latent heat of 1 1b. of steam at 35# pres.----927 B.t.u. 

Difference in temperature between steam 

in pipe and surrounding earth---—eemececeen= 223% deg. Fahr, 

fotal area Of insulated pPlpe-we—mwewwwcecwawes 4914.6 sq. ft. 

Tetal area of bare pipe in manholeSe-—eemmeen= 155.189. Tt. 

Linear ft. of high-pressure return main, 2 in,1285.7 ft. 

n n n n n "n "n 1 2 n 1 83 2 Pt - 



CALCULATIONS FOR STRONG HALL LINE 

Calculation of total heat loss 

Total heat loss per 1b, of steam condensed in high 

pressure line =1176-(189-32) =1019 B.t.u. 

Total B.t.u. loss per hour =170.5x1019 =173,739.5 B.t.u. 

Calculation of heat loss per hr, for equivalent bare 

surface in still air 

Temperature difference $53 deg. Fahr. 

B.$.u. loss per sq. ft. per hr. per deg, difference 

in temperature =2.8 B.t.u., (see Fig. 1) 

Total B.¥.u. loss in still air =223x2.8x4914.6 

=23,068,676.2 B.t.u. 

Temperature difference between manholes and ground 

=137.6-58 =79.6 deg. Fahr, 

Heat loss per sq. ft. per hr, by bare surface in manholes 

ver deg, difference in temperature =2.06 B.t.u. 

Total heat loss per hr, by bare surface in manholes 

= 79.6%x2.06x155.1 =25,436.4 B.t.u. 

Net loss per hour from insulated surfaces under test 

=113,739.5-25,436.4 =148,303.1 B.t.u. 

Efficiency of unit as a whole = dE AR 
2,008,5676,0 

Efficiency of unit considering heat loss in manholes 

= 68,676.2-148.303.,1 _ 6 
i 3,068,676.2 = 95.147 

Efficiency from heating plant to traps 

Heat loss per lb. of condensate =1176-(281-32)= 927 B.t.u. 

Total heat loss per hour =927x170.5 =158,053.5 B.t.u. 



CALCULATIONS FOR STRONG HALL LINE (Contimaed) 

’ 

Efficiency of unit as a whole =3,068,676 251 Ly £5294 .85% 
3,0 ] Ld 

Net loss per hr. from insulated surfaces under test 

=158,053.5-25,436.4=133,617.1 B,t.u. 

Efficiency congidering the effect of manholes 

* 68.676,.2-1 517.1 + 
= 250,100 xl pintllel 5 

95.022 

B.t.u. loss per hr, per sq. ft. of pipe surface per deg. 

difference in temperature 1 Ded 9 : $y 247ye0.159 B.t.u 



DATA FOR HOME ECONOMICS LINE 

Date Of teSt----—moocm mmol May 9, 1927 

WB ERB we cr ioe cere mn om sm mn mri ere ai wn ev we Clear 

DUTBELION OF aS ow—rrm mmr ws om ve ————— 5 Hrs. 

Average temperature outdoors----eeecemeeceamen- 65 deg. Fahr, 

Average temperature of ground 30 ft. from 

eonduitem mmc ce eee 58 deg. Fahr, 

Average temperature in manholeS---eemceccmccee- 113.5 deg. Fahr, 

Average boiler pressure, gaUge---=-—-—=c-em—cecmaa- +504 

Average steam pressure on line, gauge---—-a-—--- 25# 

Average temperature of steam on linee--—ceame-a- 277 deg, Fahr, 

Average quality of steam leaving boiler---—-—---- 97.6% 

Total wekght of cONAeNstt@—m—mmmmmmm—e——————— 33 6# 

Weight of condensate per hour—--=-—--cccececmeaa 67.2# 

Average temperature of condensate--——--emeemaaaa 167 deg. Fahr, 

Heat content of steam (from Mollier chart)----- 1176 B.t.u, 

Latent heat of 1 1b. of steam at 25 lbs, 

Pressure me mmm rec ccm ccc mcm cm — mec ————— me 932 B.t.u. 

Difference Bn temperature between steam in 

Pipe and surrounding earthe--cceececacaaaaaaa. 219 deg. Fahr, 

Total area of insulated pipe--~---~——mme—cenun- 2710.1 ‘sq. Et. 

Total area of bare pipe in manholeS--e—cmmceemas 147.9 sq, It, 

Linear feet of high-pressure return main, 2 in.1788.4 ft, 



CALCULATIONS FOR HOME ECONOMICS LINE 

Calculation of total heat loss 

Total heat loss per lb. of steam condensed 

in high-pressure line =1176-(167-32) = 1041 B.t.u. 

Total B.$.u., loss per hr, = 1041x67.2 =69,955.2 B.t.u, 

Calculation of heat loss per hr. for equivalent bare 

surface in still air 

Temperature difference---eeecmcccmm cman 219 deg. Fahr, 

B.t.u. loss per sq. ft. per hr, per deg. difference 

in temperature=2.75 B.t.u. (see Fig, 1) 

Total B.t.u. loss in still air =2.75x219x3710.1 

=2,2%4,407.7 B.t.u, 

Temperature difference between manholes and ground 

=113.5-58 = 55.5 deg. Fahr. 

Heat loss per sq. ft. per hr, per deg. difference in 

temperature of manholes and ground =1.95 B.t.u. 

Total loss per hr, by bare surface in manhole 

= 55.5%1.95%x147.9 =16,006.5 B.t.u. 

Net loss per hr, from insulated surfaces under test 

=69,955.2-16,006.5 =53,948.7 B.t.u, 

Efficiency of unit as a whole =z2,234,407.7-69,955.2 ~ 96.86% 
2,234,4017.17 

Efficiency of unit considering heat loss in manholes 

2,254,407.7] =97.57% 

Efficiency from heating plant to traps 

Heat loss per lb. of condensate =1176-(277-32)= 932 B.t.u. 

Total heat loss per hr. = 932x67.2 = 62,630.4 B.t.u. 

i 

10 



1 

CALCULATIONS FOR HOME ECONOMICS LINE (Continued) 

Efficiency of unit as a wholes 2,234,407.7-62,630.4 _ 97, 19% 
2,234,407.7 

Net loss per hr. from insulated surfaces under test 

=62,630.4-16,006.5 = 46,623.9 B.t.u. 
Efficiency considering the effect of manholes 

-2.23%4.407.7-46,623.9 . 
= 2,234,407.7 =97:31% 

B.t.,u, loss per hr, per sq. ft. of pipe surface per deg. 

difference in temperature —-_69,955.2 . SLE ISEZIE: 0.086 B.t.u, 

5. CONCLUSIONS. The foregoing results indicate an unusually 

high efficiency for this type of underground pipe insulation. 

However, considering the construction of the line, in which 

there is the high-pressure feeder main, the high-pressure re- 

turn main, and the low-pressure return main, it is very prob- 

able that 50% of the radiated heat is carried away by the low- 

pressure return main, 

A slightly higher efficiency was noted in the case of the 

Home Economics line, This can be explained by the fact that 

there is less leakage at manholes, and by the fact that in the 

case of this line, the insulation is sealed, thus preventing 

heat transfer from one manhole to the next, 
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CHAPTER II 

ISO-TEMPERATURE CURVES AROUND CONDUIT 

1. STATEMENT OF PURPOSE. It is interesting to know just how 

the heat is radiated around a conduit carrying a steam main, 

and it was with this in mind that iso-temperature curves were 

drawn, 

2, METHOD OF PERFORMANCE. To find out something of this con- 

dition, a number of pipes were driven vertically into the 

ground to different depths. And in order to find how far away 

from the conduit heat was being radiated, these pipes were 

driven at intervals of one foot, in a direction perpendicular 

to the pipe line, until a distance was reached where the 

ground temperature was constant. The temperature was taken at 

the bottom of each pipe on different days with varying weather 

conditions, andi the average taken as the temperature for that 

point, By plotting these points and connecting points of equal 

temperature, iso-temperature curves were obtained (see Fig. 2}. 

It was interesting to note that the widest variation in temp- 

erature for any one point was two deg. Fahr, 

A curve showing how the temperature drops as the distance 

from the pipe line increases is shown in Fig. 3. This curve was 

drawn from temperature taken at a constant depth. 

A place on the line to the new Home Economics Building 

about 40 ft. east of manhole "F", was selected as the location 

for the test (see plan of campus in Appendix). This location was 

selected because of convenience in driving pipes at this point, 

and because it seemed to be a representative location along the 
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Pipe line, 

3. CONCLUSION. From the curves plotted it was noted that the 

temperature around the conduit became constant at a distance 

of 11 ft, from the conduit. Fig. 2 showed that the heat travel- 

ed better in a horizontal direction than in a vertical one. 

This, however, may have been influence@ somewhat by the geolog- 

ical formation of the ground. 

It is frequently possible to note that snow is melted from 

above the conduit during winter. The temperature at the aver- 

age depth, which is four feet, is sufficiently high to cause 

this snow to melt. Freezing of the ground would hardly be prob- 

able under the weather conditions of this section, and snow 

will always melt above the conduit. 

CHAPTER III 

HEATING LOAD SUPPLIED BY CENTRAL HEATING PLANT 

1. STATEMENT OF PURPOSE. At present the total heating load 

supplied by the central heating plant is not known, and it is 

the purpose of this phase of the thesis investigation to make 

a systematic determination of this heating load. In those 

buildings where the number of sq. ft. of radiating surface was 

not known, it was necessary to secure such daga, either from 

specifications for the heating equipment for the building, or 

where this was not available, it was necessary to measure each 

radiator in the building being tested, and from tables fur- 

nished by the Amerisan Radiator Co,, determine the radiating 

surface, 

2. GENERAL SURVEY. Upon investigation, the heating surface 

13 



for the following buildings was found:- 

Ayers Hall---owomeeee- 10,633 sa. ft. 
- Barbara Blount Hall--- 2,500 

Carrick Halleeemcocmaa 1.500 "ow 

Estabrook Halleeeeeee- 9,000 n v 

-Humes Hall-eeeeeeeeaw- 1,258 ® om 

Library--——-cecceceaaeu- 2.027 ®. in 

Morrill Hall -—--meeec-- 4,258 

Reese Hall--coooeaea-- 199." on 
Seience Hollemememeaa-= 4,410 Tm nw 

South C@llege----==--= 1,825 nm »w 

Ye Me Co Avcmmmmoneean 1,509 " on 

Total 39,717 © n 

Buildings where radiating surface was 

measured are: - 

‘Ayers HOuS@-=—==——mo—me= 767 8g. £5. 
'BleecheP RoOMSewceeme== 447 n 
Chamberlain Dormitory--1,214 © n 
Green HOUS@w=—eccncenax 712 n 
GyMnasiume--ccem ccm e—— ¥,795-" " 
‘Home Economics Bldg.---4, 1558 n " 
Infirmarye-—e-eemae—ce- 639. nn 
Jefferson Hall--eeeee-- 3.550. 
‘New Strong Hall----cee- 5,2%5..%.-% 
Power Plante-ccecececmcea- 2,240 % n 
Strong Halleceeecmmaaax 2,340 n 
Turner HOUSE=——=—m——m—a= 496 ww ow 

Total 23,719." " 

Total Heating Load 

39,7117 sq.ft, 

23.779 sq.ft, 

63,496 sq.ft. 

In addition to heating the buildings, hot water is sup- 

plied to the dormitories, Gymnasium, Morrill Hall, Home 

Economics Building, Infirmary, Estabrook Hall, and Y. M. C. A. 

It is estimated that 75 H, P. in heating load is carried by 

the cehtral heating plant, 

14 
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