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SOME FACTORS AFFECTING Ti-rE HEAT TRANSFER 
IN A FINNED TUBE RADIATOR USING 
ID PRESSURE STEAM AND HOT ATER 

AS A HEAT SOURCE 

I INTRODUCTION 

There are many types of finned tubes in existence today. They 

are usually rectangular, circular, or in the form of a helical 

ribbon and may be eithersmooth or crimped. The use of finned tubes 

or finned elements is generally to aid in the transfer of heat from 

a source to its surroundings. Fins are placed on the element to 

increase the surface area of that element. The fins are spaced on 

the tube at some specific interval. The equations involving heat 

transfer generally contain an area term, such as the Fourier con- 

duction equation ( q= -kA /dx ), where q is the heat transfer rate, 

k is the thermal conductivity of the material, A is the area, and 

dQ/cbc is the temperature gradient, or Newton's law of cooling 

( dq= -he dA ), where dq is the differential heat transfer rate, h 

is the heat transfer coefficient, is the temperature, and dA is 

the differential area. 

Consider a heating element composed of a tube with no fins or 

extended surfaces attached. The heat loss from the tube will be 

governed by the temperatures of the surface, surroundings, ana the 

area of the tube. The surface area of a smooth pipe is small in 

comparison to that of a finned element and, as expected, less heat 

can be transferred. The outer tube surface temperature will be 

nearly that of the fluid within the tube. This is generally con- 

sidered true because of the small wall thickness of the tube and the 
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high thermal conductivity of metals. 

If fins or thin strips oi metal are added to the tube surface, 

it is called a finned element. The addition of fins increases the 

surface area but complicates other factors involved in the anaiysis. 

Before the addition of fins the tube surface temperature, which is 

nearly that of the fluid within, was a major factor involved. It is 

still a major factor upon the addition of fins but the base of the 

fin will be the only point on the fin that could be at the tube or 

fluid temperature. If the fins are considered long (in a radial 

direction), the temperature at the tip oi the fin wilÏ approach that 

of the surrounding fluid. The Fourier conduction equation as used 

as an example because heat is transferred to the fin and along the 

fin by this method. The mechanisms by which heat is transferred 

from a finned element to the surrounding air are convection and radi- 

ation. 

Convection refers to the transfer of heat to or from a fluid 

flowing over a surface of a hotter or colder body. There are two 

types of convection, natural or free, and forced. Natural or free 

convection is produced because of the difference in density of the 

air as a result of temperature difference in the layers 01 air. 

Forced convection is produced when a fan or blower causes air to 

flow past the hot surface. As the air flows by the hot surface in 

natural convection, it is heated and the density is decreased. This 

causes it to rise and allows colder air to take its place. This is 

the mechanism by which heat is transferred from the finned elements 

used in this paper. 
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It was mentioned px'eviousi,y that the fins are spaced on the 

element at some specific interval. tin spacing is a very important 

factor in the de3ign of finned elements. iin spacing is not within 

the scope of this paper but it is considered important enough to 

mention. I fins are added to an element and the heat transferred by 

that element to its surroundings is increased, it would seem logical 

to conclude that the more fins, the more heat transferred. This is 

not the case, however, because, vhen the firs are too Close together, 

they will interfere with one another. This interference is caused 

by the boundary layers of the adjacent fins. if no interference be- 

tween the boundary layers of the adjacent fins were allowed, the 

spacing of the fins would be twice the bourary layer thickness. 

Vagener ( 13, p. 1-32 ) calculated the boundary layer thickness using 

an equation by von Kárrnhn ( 12, p. 233-252 ), C L°(v/w)° where 

6is the boundary layer thickness, y ïs the kinematic viscosity, w 

is the fluid velocity outside the boundary layer, L is the distance 

al3ng the leading edge, and C is a constant depending on the units 

used. agener recommended that the minimum fin spacing be not less 

than one boundary layer thickness. In his test results it was deter- 

mined that the most effective fin spacing was 12 percent larger than 
one boundary layer thickness. This is for fins on a straight wall and 

different from the situation encountered in finned pipes. 

The mathematical analysis of the heat transferred from finned 

elements appears to be limited to straight fins, annular fins, and 

spines (circular or regular polygonal sections). This paper deals 
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only with rectangular fins (see Figure 1, page 6) arid no data can be 

found in reference to this type. The mathematical analysis oi' any 

fin is based on the £ollowin assumptions, given by Murry ( 9, 

p. A-78 ). 

1. The heat flow and temperature d.stribution through- 

out the fin are independent of time. 

2. The fin material is homogeneous and isotropic. 

3. There is no heat source in the fin itself. 

b. The heat flow to or from the fin surface at any 

point is directly proportional to the temperature 

difference betwetm the surface at that point and 

the surrounding medium. 

;. The thermal conductivity of the fin is constant. 

6. The heat-transfer coefficient is the same all over 

the fin surface. 

7 . The temperature of the surrounding fluid is uniform. 

8. The temperature at the base of the fin is uniform. 

9. The fin thicimess is so small compared to its height 

that teriperature gradients normal to the surfaces 

may be neglected. 
10. The heat transferred through the outermost edge of 

the fin is negligible compared to that passing 

through the sides. 

Assumptions one through five appear to apply also to the situa- 

tions encountered by the finned element in the actual installation. 

Number seven states that the temperature of the surrounding fluid is 

uniform. If this were true, the isotherms for the fins would appear 

like those shown in Figure 1. Ït has been shown that this is not 

true because convection is the method of heat transfer and depends 

on the temperature differences of the air. The author aoes not want to 

criticize these assumptions because they must be applied before 

mathematics can be used to obtain a solution to the heat transferred 

from an element. 

Radiation has been neglected in Murry's assumotions and perhaps 
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it should be shovüi why radiation is neglected in the rnatheuatica1 

analysis. tefarx's equation, dqjdt = C T1, shows that the heat 

trans±er rate by radiation (dq/dt) is a Lunction of the absolute 

temperatur ot a body to the fourth power ( 
T ). This equation 

means that heat will be lost from one body and gained by another 

at a lower temperature. This heat loss can only occur if the bodies 

can be seen by one another. As for the finned element, the fins are 

spaced fairly close together and very little of the fins will see 

the surrounding bodies although enough of the fin and tube is expos- 

ed to create a small error. In heating 5ystems using hot water the 

maximum fluid temperature is in the neighborhood of 212 degrees F. 

The error introduced by omitting radiation Will be roughly less than 

one-half of one percent of the total heat loss from the finned eiern- 

ent. This is one of the reasons why it is neglected in fin analysis 

by mathematics. The second reason is that the rate of emission is a 

function of the temperature to the fourth power. Generally, the 

equations involved in a ìathernatical analysis are of the second ord- 

er and first degree. If a terrn of the fourth degree were added to 

this equation, it would become so complex that it would be imposs- 

ible to solve with the mechanics and methods available to mathemat- 

icians and engineers. 

Murry also states that the heat transfer coefficient is consid- 

ered the same all over the fin surface. ibis heat transfer coelfic- 

ient vas introduced by Newton in 1701 by the following equation, 

q = -hA (t - te), where h is the heat transfer coefficient and 
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ts and t are the surface and fluid temperatures, respectively. 

Since this heat transfer coefficient is a function ox the heat trans- 

ferred and the difference ir temperature between tne surface and its 

surroundins, how then can a value of this heat transfer coefficient 

be found that could be used in an equation t find the heat trans- 

ferred from the finned element? Values of filin coefficient aro not 

listed in tables because no element will have identical properties. 

This appears to be the biggest fallacy of all in the mathematical 

analysis of finned elements. A film coefficient must be assumed 

before the analysis can begin. It appears that testing of the finned 

element would be the answer to arrive at an average film coefficient 

to use in the mathematical analysis of finned elements. This leads 

the author to say that experimental data is necessary to determine 

the heat transferred through finned elements. As was mentioned 

earlier, the author is not criticizing the assuiption by Murry but 

has attempted to show that mathematics has its place in analysis. 

Mathematical analysis should not be used to determine the capacity 

or heat transferred but should be used in the design of an element 

that woufl give maximum benefits both in economics and heat trans- 

ferred. The heat transfer rate can only be determined by a carefully 

controlled test of the element in question under actual operating con- 

ditions. The question now is, if the rating or the heat transferred 

through the finned elements is gained by experimental results, would 

these saì:e results be determined in different parts of the country 

using the sanie finned element? 



In 19b0 a need was seen by the convector xranuíacturers and other 

organizations to solve this and other problems 
involved in the test- 

ing and rating of conveetors and finned tube 
type of radiation. A 

Joint Convector Code Committee with representatives 
from the Convec- 

tor Manufacturers t Association, The Institute of ioíler and Radiator 

Manufacturers, and assisted by members from the National ±ureau 01' 

Standards and the University of Illinois was set up 
to devise a 

method to standardize the ratings from these elements. 

The proposed draft of this standard was circulated 
in l9!5 to 

various manufacturers, distributors, testing organizations, and users. 

A revised standard was circulated in l9L6 by the 
D partment of 

Commerce for written acceptance . The acceptance was gained and the 

Department of Commerce published the Commercial Standard 
Bulletin 

Cs lLO-1.7. This particular bulletin covers only the room heaters 

called convectors. While this convectcr code was in the process of 

being written and accepted, the I-B-R was developing a 
code for 

finned tube type of radiation. This code was adopted in l9l by the 

I-T-i-R to provide a uniform method of testing and rating finned 
tube 

type of radiation without regard to the material of which they 
are 

made. The convector code, of course, had this same idea in mind 

except that it applied to convectors only. 

In the above paragraph two codes have been adopted, one for 

convectors and one for finned tube type of radiation. Finned tube 

type of radiation is a heater composed oÍ' a finned tube made from 

metal with a number of metal iins or exteride surfaces attached to 



the tubing. They are designed for installation with or without 
an 

enclosure or with opcn type enclosures having outlets 
on top, front, 

or inclined. The corivectors differ froir the finned tube t:,'pe of radi- 

ation in that they are designed only for installation 
in an enclosure. 

The convector code CS 11O-i7 has an accepted method of testing 

convectors using hot water while the I-B-R test code 
issued July, 

l9l, and the 3rd edition, l98, do not. These codes have a table 

of factors that are applied to the steam rating 
to determine the hot 

water rating. This table of factors is for average radiator temper- 

atures from lO to 220 degrees F. lt is this table of factors that 

constitutes one of the objectives of this paper. 

In l96 at Oregon State College work was done on finned tubes 

under the direction of Arthur D. Hughes, Professor of echanical 

ïngineering. The tests were for the purpose of rating the finned 

tube used in this paper. In the course of his investigation both 

steam and hot water tsts were conducted. This paper is a follow up 

of his work but more than the rating is being investigated. Through- 

out the course of Professor Hughes' investigation no correlation 

between th hot water rating3 by testing arid applying the factors 

listed in the i-B-R test code was found. It was suggested in his 

progress report that further investigation into this correlation 
be 

made to determine what factors are influencing the heat transferred 

and why this table of factors does not agree with the tested rating. 

The factors listed in the I-B-R code to convert steam ratings of 

finned tubes to hot water ratings appear tc come f ro experimental 



data. Fredrick E. Giesecke and Alonzo P. }ratz ( , p. 22 ), staff 

members of the University of Illinois, have compared the rates of 

heat emission from radiators operating with steam and hot wator. 

They used 16 different types of finned elements in their investiga- 

tion. They have developed from their results equations for the heat 

emission from finned elements using steam and hot water. Their 

equations for steam and hot water are H l2.I8 (t8 - ta)"3 and 

H U.90 (t1 - ta)L3, respectively, where H is the heat emission, t 

is the steam temperature, tw is the average hot water temperature, 

and ta is the temperature of the inlet air. Each equation is an 

average equation for the cLifferent types of finned elements tested 

by the University of Illinois Experiment Station. The factors that 

can be applied to steam ratings to determine hot water ratings can be 

calculated from the equations and are shown in Table A (page li). 

It is not the author's place t0 surmise that these are the equations 

the 'writers of the I-B-R test code used to determine their table of 

factors although the factors that can be calculated are in very close 

agreement with those listed in the I-B-R code. The I-B-R factors 

differ from the calculated factors in that they are on the average 

li percent higher. 

The test code does not specify the water velocity in the finned 

tubes during the testing and it is assumed at present that this wiLL 

have little or no effect on the rating of the finned tubes throughout 

the range of Reynolds numbers generally used in hot water heating 

systems. In most of the heat transfer literature one of the 
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listed major factors affectin heat transfer in tubes is the velocity 

of the fluid within the tubes. This is in direct disagreement with 

the above statement and it wifl be deemed necessary to determine 

whether or not fluid velocity has an arfect on the heat translerred 

during the testing. 

TABLE A 

Factors that could be used to convert Steam 
Ratings to Hot 14ater Ratings at temperatures 
indicated. 

Average Radiator I-B-R Calculated 
Temperature. Factors. Factors. 

F 

:1140 - - 0.388 

iso 0.1 

160 0.S3 0.S16 

170 0.61 o.6o0 

180 0.69 Û.67S 

190 0.78 0.75 
200 0.86 o.8L0 

2l 1.00 0.960 

It has been attempted in the introduction to show that the only 

practical and sure way to determine the heat transfer capacity of 

finned elements is by experimental results. 

The test code in use now is incomplete because the ratings with 

hot water are based on the steam rating o the element. in the hot 

water tests an attempt will be made to show: what effects, if any, 

the fluid velocity within the element has on the haat transfer rate; 

the effect oÏ air temperature on the heat transfer rate; the surface 
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temperatures along the tube to determine whether or riot the method 

of fabrication of the finned element could be improved; and other 

factors Involved. Pata will be taken in the steam tests to determine 

whether or not the conversi'n factors listed in Table î are applic- 

able to this finned element and other factors aleo involved in the 

heat tran8fer rate. 

It shoul3. be indicated that the reslts of the sbean and hot 

wter tests and any conclusions drawn can be generalied only to a 

certain degree. This is a test of only one specific íinned element 

arid some of the data therein can only be applied to this element. 
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II. IQUIP4;NT 

Test CoU 

There are three different types of test cells that may be used 

to d3terinine the capacity or rating of finned elements. These 

include: 1. A arm-aU iooth 

2. A Co1d-YaU Booth 

3. A Cold Room 

Further information in regard to the last two rooms refer to the 

l-B-R Testing and Ratin Code for finned tubo type of radiation. The 

Warm-Vall i3ooth is as follows ( U, p. 3 ): 

A warm.-wail booth is a room ith one side open located 

in a larger room. The floor of the booth shall be at 

least i foot and not more than ! feet above the larger 

room floor. The operi side of the booth s all have a 

shield projecting down 1 foot from the ceiling. The 

air in the booth shall be free from draft, except that 

created by ttthe finned tube unit" under test Jn the 
course of normal operation. The test booth shall be 

protected from the influence of uncontrolled heat sources. 

The distance between any test booth wall and the surround- 

Ing room shall be not less than 2 feet and the ceiling of 
the test booth shall be not 1ss than 1. foot from the 

ceiling of the larger room. 

In 19S6 Brod and McC1un , manufacturers of finned tube raulation in 

Portland, Oregon, authorized the Department of Mechanical ngineering 

of Oregon State College to build a warm-wall test celi for the pur- 

pose of testing the particular finned tubo that they are proposing to 

manufacture. Figures 2 and 3 (pages 1h and l) are i front elevation 

and a vertical section of the ceii,respoctiveiy. These fiures show 

the dimensions of the cell, fmnnd tube arrangement, and a portion of 
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the instrumentation used in the taking of data. iigure L (page 16 ) 

is a photograph showing the overall view of the warm-wall test cell. 

Finned Tubes 

The finned tubes used were manufactured by rod and cC1ung, 

Portland, Oregon. Figure a (page 18) is a detail of this particular 

type of fin. Brod and ?4cClung built the test cell to test a partic- 

ular type of finned tube fabrication and compare it with those 

manufactured by other methods. The fabrication method is as follows: 

The fins are stamped from a steel plate. The tube used is a 1-inch 

standard steel pipe. Much attention in the preparation of the pipe 

surface is given before the fins are attached to the tube. The fins 

are spaced on the prepared tube at an interval of 33 fins per foot of 

length. The pipe is then submitted to a high hydraulic pressure and 

expanded until the fins are securely attached to the steel pipe. In 

using rectangular fins instead of circular fins the amount of waste 

material is greatly reduced. Figure 6 (page 19) is a photograph of 

the finned tubes and their arrangement in the hot water and steam 

tests. 

Contro is 

The control system used to maintain the hot water temperatures 

at the desired level throughout the course of this test was an air- 

operated controller manufactured by the Taylor instrument Company. 

The system consists of a Taylor Fuiscope Controller with a Pre-Act 
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and Reset. Also included is a diaphragm valve which controls the 

flow of steam to the heat exchanger. There is also ¿in air filter arid 

pro-act capacity tank. The controlling element is a vapor bulb 

which is located at some point in the controlled fluid. This bulb 

senses a change in the temperature of the fluid arid sends a response 

to the controller which either opens or closes the diaphragm valve 

depending on the circumstances. It was determined from the course 

of the hot water tests that the control system could maintain the 

desired results to within 0.1 of i degree F. The location of this 

control system will be mentioned later in the test procedure and dia- 

grams will be shown as to its location in the test setup. 

Temperature Measuring Instruments 

The I-B-R test code for finned tube type of radiation and the 

Convector Code CS 110-)47 give specific detailed instructions as to 

the points arid accuracy of temperature measurements The thermometers 

that nasure the inlet and outlet terrperature of' hot water must be 

calibrated thermometers with graduations readable to of i degree f. 

The thermometers used were Taylor Cas Filled A.S.T.M. Aniline Point 

# 2307782, range 26 to 10L degrees C graduated in 0.2 of i degree C. 

Located at the midpoint of the tubes in the two-high arrangement is 

a therrometer identical to those at the inlet and outlet. These 

thermometers are then readable to the nearest 0.18 of i degree and 

well within the specified limits. The thermometer used to measure 

the entering steam temperature in the steam test was graduated in 0.2 
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of i degree F increments, range 209 to 218 degrees F. The code also 

specifies that the temperature of the air surrounding the test booth 

shall be taken at the midpoint of the closed sides of the booth 30 

inches from the iloor and 12 inches from the test booth wall. Two 

Taylor mercury thermometers with a range o1 30 to 120 degrees F and 

one Cincinnati Palmer recording thennometer were used to gather the 

data. These were calibrated with a known temperature t.o detertilne 

their accuracy. The code specifies also that the test booth air tenip- 

orature shall be taken at a number of points which include (1) 

thermometers spaced 2 feet on centers and 2 feet from the element 

under test and 3 inches from the cell floor, (2) at the midpoint of 

the test booth at points 3 inchus, 30 inches, 60 inches above the 

test booth floor and 3 inches below the test booth ceiling. Item 1 

consisted of two calibrated thertometers and three thermocouples 

(copper-constantan). See Figure 3 (page 15) for the location and 

positions of these temperature measuring instrwnents. Item 2 cori- 

sists of one calibrated thermometer and three copper-constantan 

thermocouples. See Figure 3 again for the location of these instru-. 

xnents . Temperature measuring instruments beyon:i those specified by 

the test codes consisted of ten thermocouples, again copper-constantan, 

that are installed along the tube surface of the linned element to 

determine aniong other things the temperature gradient along the tube 

surfaces. Figure % (pago 18) is a diagram of the tubes and thertio- 

couple positions. It should be mentioned that the thermocouples 

were positioned such that the tube or finned element could be rotated 

through 180 degrees to determine the tecperature gradient along the 
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tops of the elements as well as on the bottoms. 

The thermocouples vere used in conjunction with a Brown 

Electronik (16 point) recorder. This recorder is a continuous balance 

type vhere the cold junction is at the ambient air temperature. 

Weight Measuring Instruments 

The condensate for both steam and hot water tests was measured 

at the outlet of the finned tubes. The hot water test incorporated 

a Toledo scale, range zero to 200 pounds with graduations to the near- 

est pound. The test codes do not specify the accuracy of the scales 

to be used. The only specification is that the hot water collected 

during the test period be weighed to an accuracy of at least of 1 

percent. The steam test incorporated a Toledo scale that was grad- 

uated in 0.01 of a pound increments. The accuracy in measuring the 

condensed steam as specified by the test code is for the above 

mentioned 0.01 pound. 



III. PROCÌDURE 

Hot ìater Test 
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The air motion inside the test cell and the larger room shall be 

as much as rossible liniited to the natural convection created by the 

finned element under test. It would be almost impossible to elirnin- 

ate all air motion inside the larger room but by keeping all windows 

and doors closed it is believed that air motion was eliminated satis- 

factorily enough not to interfere with the testing. 

The test shall he started only after a reriod of' quilibriwn has 

been reached. This state of equilibrium shall be considered only 

after a sufficient period of time has elapsed to allow the inlet and 

outlet water temperatures to vary not more than i degree F for a 

period of thirty minutes and the water flow variation of not more 

than 2 percent. The duration of the test shall be not less than 

twelve minutes and intermediate readings at three-minute intervals. 

The air temperature required by the test codes, between 60 and 

7f degrees F, was not followed to the letter because it was felt 

that the purpose o1 this paper could be more readily exploited with a 

wider variation in air temperature. During the course of the testing 

the thermometers and thermocouples located along the front oi the 

finned element (air temperature) shall not vary more than i deree F. 

The readings of air temperature shall be taken at the start and end 

of the test and the average ol' these readings shall be used in the 

calculations of heat transferred from the element. 

The hot water temperature, as was mentioned in the section of' 
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temperature rneauring instruments, is taken froni thermometers that 

are readable to the nearest 0.18 of i degree F. During the course 

oZ the test the inlet and outlet temperatures shall not vary more 

than i degree F These temperatures shall be taken at the beginning 

and the end of the test and during the testing at intervals of three 

minutes. 

The water flow to the finned element is collected in a tank for 

the total test period. The water weight is also recorded at intervals 

of three minutes during the test period. These water weights shall 

not vry more than 2 percent during the course of the test. 

Low Pressure Steam Test 

As was stated in the hot water procedure, the air motions shall 

be limited to the natural convection created by the finned element 

during the test. 

The test shall be started only after a period of equilibrium has 

been reached. This state of equilibrium shall be considered only 

after a sufficient period of time has elapsed to allow the temper- 

atures recorded to vary not more than i degree F for a period of 

thirty minutes prior to the beginning of the test. The duration of 

the test shall be not less than one hour. 

The steam supplied to the finned element shall be at a pressure 

which corresponds to the saturation temperature of not less than 

21h degrees F or more than 217 degrees F and shall have a superheat 

of not less than 2 or more than S degrees F. The temperature of the 
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supply steam shall be measured with a thermometer placed in the pip- 

ing and directly exposed to the steam. The supply piping shall be 

insulated with at least 1 inch of insulation. A suitable seal shall 

be provided at the outlet to prevent steam from issuing from the out- 

let. 

The air temperature is taken the same way as was stated in the 

hot water test procedure. It is measured by thermocouples ann ther- 

mometers located in front of the finned element and the average 

temperature is to be used in the heat transfer calculations. The 

system shall be vented prior to arid continuously during the test by 

suitable means. This discharged steam, air, arid gases shall be dis- 

charged outside of the test booth. 

The condensate for the test shall be collected and weighed on 

scales that are accurate to the nearest 0.01 of a pound. The conden- 

sate shall be collected twice during the test at intervals of thirty 

minutes. Intermediate readings shall be taken at fifteen-minute 

intervals. The condensate weigt for the two thirty-minute periods 

shall not vary more than 3 percent. 

The air temperatures and other temperatures that are recorded 

for the test shall be taken at the start and end of the test and 

during the test at intervals of fifteen minutes. These readings 

shall not vary more than 3. degree k'. 



IV. SYSTEMS 

Hot Water 
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The flow diagram for the hot water test is shown on Figure 7 

(page 27) . The city water flows through a heat exchanger and into 

the circulation tank. A pump is located on the circulation tank and 

it pumps some of the heated water back to the heat exchanger thereby 

keeping the water in the tank at nearly a constant temperature. This 

pump also utilizes the steam in the heat exchanger to a better advan-. 

tage. From the circulation tank the water flows by gravity through 

the finned tubes. At the outlet this hot ater is collected and 

weighed by a scale accurate to - pound. It Will be noted from the 

diagram that the outlet is in such a position to assure that the fin- 

ned tubes flow full of hot water. There are three vents located in 

the system for releasing any air that may become trapped in the 

system. There is always an excess supply of water to the circula- 

tion tank and it is discharged through the overflow into the drain. 

This excess is necessary because a constant head is required for a 

constant flow. There are fluctuations In the city water pressure 

but this will have no effect on the flow as long as there is an ex- 

cess supply of water. A study of this diagram will show the piping 

layout and the location of the equipment mentioned. Also included on 

this diagram is the control system for maintaining a constant water 

temperature in the circulation tank. It will be noted that the con- 

trolling element is located in the circulation tank and the control 
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valve is located in the steam line at the inlet to the heat exchanger. 

The steam supply is obtained from the central Ìeating plant at 

Oregon State College. The air supplied to the pneumatic control 

system comes from a compressor located in the engin.ering xperi- 

ment station. Figures 8 (page 29) and 9 (page 30) are photographs 

showing the control and hot water systems for the test setup. 

Low Pressure Steam 

Figure 10 (page 31) is a schematic flow diagram of the system 

used in the steam test. The steam is admitted dirot1y into the fin- 

ned tubes. The condensate is collected at t'ne outlet and weighed. 

A steam trap is located at the outlet. The scals used to weigh the 

condensate are accurate to 0.01 of a pound. when the steam tests 

conmienced, it was found that the control system iould not control 

properly due to the small amount of steam used by the tubes. The 

pneumatic valve is 3/ii inches in diameter anci the supply steam is at 

a pressure of 8 psig. An attempt was made to throttle the steam 

with a hand valve located in front ol' the coctrol valve in the hope 

that the air-operateci valve could then stabilize the pressure at the 

inlet to the tubes. Lata was taken by this method but the controller 

was doin little and it was in a sense manua]Jy controlled. Vith 

this method of control any fluctuation in the supply steam pressure 

caused the inlet steam temperature and pressure to fluctuate and at 

no time was equilibrium attained. 

The next and last way of trying to maintain equilibrium in the 
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FIGURE 9 VIEW OF APPARATUS FOR HOT WATER TEST 
AT REAR OF TEST CELL 
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steam test was the method that should have been used originally. A 

pressure reducing valve was installed at the outlet of the main steam 

supply line. The vaLre was set to maintain 9 psig at the entrance to 

the steam system. This pressure reducing valve eliminate the fluct- 

uation in supply pressure to the system and manual control of the 

pressure at the inlet of the tubes was done with ease. 

hen the system pressure could be controlled, it was found that 

the steam entering the tubes was not in the superheated region but 

in the saturated zone. An immersion heater was installed in the 

system to dry out the steam and maintain the required superheat. A 

rheostat was installed in the heater circuit to vary the heat input 

in order to arrive at the desired end results. 

The condensate was collected in a covered container to minimize 

evaporation. The system has three vents by which the air trapped in 

the system can be released prior to and during the test. 



V. DISCUSSIOEt AND RESULTS 

Introduction 
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Control is the element necessary for solving probiams. ithout 

this contro]. there would be no po5ible way to compare data to one 

another. The control of all variables involved in the heat transfer- 

red from the finned elements was most difficult to accorlish. These 

variables include: air temperature, fluid temperature, rate of fluid 

flow, air motion, and the inner pipe surface filin coefficient. The 

inner pipe surface filin coefficient is a variable that could not be 

controlled in the test set up used. There was a constant source of 

fresh water bein- supplied to the element. In fresh water there are 

certain minerals and salts that cari be deposited ori the surface. 

Oxidation may also occur due to the air in the water and there was 

no way to control this variable. This is mentioned because the 

author iiiade a mistake and changed these variables before the stean 

date was taken. To explain, the hot water tests were distributed 

over a four-month period. The element had been used prior to this 

series of tests and it is possible that scale had been built up on 

the inner pipe surface. It is believed that during each series of 

tests the effect of this deposit on the pipe was not noticed to any 

measurabja extent. Prior to the testing of the elements with low 

pressure steam, the author inadvertently added a strong basic salt 

to the water to clean out the tubes and removed the deposit which 

had been collected during the tests. The idea was sound except that 
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it removed the deposits which had been within the tubes prior to the 

hot water testing thereby allowing no comparison between the hot 

water and steam data. The data will be compared because subsequent 

tests were made using hot water after the steani tests. The data in- 

cluded in this section Will attenipt to show all the effects that the 

different variables have on heat transfer from finned elements. 

Effect of Flow Rate on Heat Transfer 

In heat transfer literature the effect of velocity is reported 

to play a major role in the transfer of heat. The velocity is incorp- 

orated in a dimensionless number called Reynolds number. 'ith an 

increase in ieynolds number the inner surface film coefficient is 

supposed to increase by some exponential. This is believed to come 

about by the increase in scrubbing action of the turbulent fluid on 

the inner pipe surface, thereby allowing more heat to pass through 

the pipe walls , ith laminar flow the fluid appears to flow in an 

orderly manner in fluid layers between stream lines . y definition 

of laminar flow the water or fluid within a stream lino Will never 

cross the stream line boundary. With this ono would expect the fluid 

temperature nearest the pipe wall to decrease along the length of the 

tube while that at the center would change very little. 

With turbulent flow a fluid particle at one instant would be at 

some other position the next allowing the hotter particles to move 

to the tube wall and increase the surface temperature of the tube. 

A Reynolds number of 2000 is given as the practical lower critical 
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value or the transîtior point. It has been found b: investigators in 

the field that critical va1uc of LO,OOO have been reached. It is, 

however, believed that the flow rates u8ed in collecting data for 

this paper wore in the turbulent zone due to the piping layout and 

values of Reynolds number. The ninimum arid maximum values of 

Reynolds number within the 1*-inch standard steel pipo were 2.S x 

and 1,8 x 1O, respectively. 

Varren S. Harris ( , p. 19 ) found that the flow rate does have 

an effect on the heat output from radiators. This confirms the text- 

book theory that the increase in Reynolds number should increase the 

heat output. The accuracy of measuring the temperature of the hot 

water as specified by the test codes is - of 1 degree F. Professor 

Harris found that to establish accurately the effect of flow rate on 

heat transfer the temperatures should be measured with an accuracy 

of 0.073 degree F. This is much more accurate than specified or the 

o.s degree F used in this test. Since the measurements of temp- 

erature were not as accurate as that specified by Professor Harris, 

the error in measuring the heat output should overshadow any effect 

the velocity or flow rate has on the heat output from the finned 

tubes over the range of flow rates used. 

The data gathered in the experiments for the effects of flow 

rate on heat transfer are shown on Figure 11 (page 37) in graph form 

and also on Table B (page 38) It will be noted on the figure that 

there appears to be no trend for an increase or decrease in heat 

transfer as the flow rate is varied. The other variables involved 
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were controlled to eliminate any effect other than the rate of flow 

or velocity. The thermometers used in gathering the data for Figure 

U were graduated on]y to the nearest i degree F. This was changed 

immediately after completion of this series of tests because ther- 

mometers graduated to the nearest 0.18 degree F were appropriated and 

used for the rest of the tests. 

The flow was reversed for a series of hot water tests which 

allowed the hotter water to be in the lower tube. lt was determined 

that there was no measurable change in heat transfer by the reversal 

of flow. 





TABLE B 

Effects of Flow Rate 

on 
Heat Transferred (capacity) 

Hot Water 
Flow Rate 

Average Hot Water 
Temperature 

Average Inlet Air 
Temperature 

Capacity 

lb/hr F F Btu/hr 

191 179.9 80.0 8020 

418 180.5 78.4 7950 

569 180.3 78.9 8080 

595 180.6 80.3 7920 

715 180.2 79.4 8220 

890 180.4 79.8 8099 

1063 180.7 79.9 7866 

1149 180.5 80.7 7580 

1377 180.5 80.7 7642 
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Effects of Fluid and Air Temperature on Heat Transfer 

The graph on Figure 12 (page 3) was prepared to determine what 

effects, if any, were caused by the different fluid and inlet air 

temperatures. The heat transfer from the finned element is plotted 

against the difference between the average radiator temperature and 

the inlet or ambient air temperature in the test cell. The average 

radiator temperature, as now defined, is the aritthnetic average bet- 

ween the inlet and outlet hot ivater temperatures. It is known that 

the heat transferred is a function of the temperature of the body. 

The mean surface temperature was too difficult to obtain and it was 

felt the average radiator temperature by definition would show any 

differences in the heat transfer of the finned element which the 

weighted mean surface temperature would show. The points plotted on 

the graph were at a hot water flow rate between b97 and 636 pounds 

per hour. It is noted from this plot that there is no apparent de- 

viation from a straight line. The line plotted is a line which 

passes through the an of the plotted points. The most common 

factor to allow deviations in the points plotted would be misread- 

Ing the temperature of the hot water. It is conceivable that this 

is possible but not probable in the manner in which the tests were 

controlled. The inlet and outlet temperatures were taken four or 

more times during the test and. a magnifying glass was used to deter- 

mino the readings. Another possible source of error is entrapped 

air in the system. It was impossible to completely eliminate the 

air from the system due to the method of supplying the hot water to 
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the finned tubes. The tubes were arranged in such a position that 

their slope should have allowed the air to move to one of the vents 

in the system. The presence of air was noted because, as time in- 

creased from one test period to another, trie flow rate decreased. 

Since there was a constant head maintained at all times, the on1r 

reason for the decrease in f by; could be air in the system causing a 

constriction or block in the tubes. Another possible explaration is 

in the temperature difference itself. An error of plus or minus 3 

or ¿ degrees in the temperature difference could allow the points to 

fall on the same line. It is possible to assume that there were air 

currents other than the currents of natural convection (caused by the 

radiator) circulating in the test cell. This could be a possible 

source of error because these air currents could cause more heat to 

be removed Irom the finned elements although the inlet temperature 

of the air remained constant. 

Figure 13 (page ¿4L) 'was prepared to determine what effect the 

inlet air temperatures have on the heat transferred from a finned 

elerent. This figure contains points at flow rates from L7 to 636 

pounds o hot 'water per hour hut it has already been shown that flow 

rato has little or no apparent effect on the heat transferred within 

the range of flows mentioned. The lines plotted contain only two 

variables, the air temperature and the heat transferred from the fin- 

ned elements at the different average radiator temperatures. The 

lines plotted through the different sets of points were determined 

by compressing the scale of heat output and expanding the air 
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temperature scale. The coordinates were then transferrei back to the 

scale shown. It is believed by the author that the lines are the 

mean of the plotted points. The slopes of the different lines are 

shovn on the graph and the variation is between 6.23 and 7.00 Btu per 

hour per linear foot per degree F. This variation is believed to be 

in the exparimental errors involved in the tests. The average slope 

oí the points is then 6.66 btu per hour per linear foot per degree F 

or the slope of the middle set of points. It is possible that this 

is a coincidence or perhaps the difference in slope was not due to 

experimental error but to some other factor. The oniy variable not 

eliminated completely from this data is the heat transfer coefficient. 

Figure 3.2 is, in effect, a plot of the overall heat transfer coeff i- 

dent of the finned element at different surface temperatures. The 

term in effect is used because it is not the true coefficient. This 

coefficient, as defined earlier, is h Q/(t - tg)(A) or the heat 

transfer rate divided by the difference between the mean surface teìnp- 

erature o1 the element arid the air teerature. The term (te), as 

used in this paper, is the average water temperature. The mean stir- 

face temperature should be proportional to the average radiator temp.- 

erature as it increases or decreases. This was used instead to show 

a comparison only, not to determine a value of heat transfer coeffi- 

cient. The plot on Figure 12 is the relationship between the heat 

transfer coefficients at the different values of radiator tempera- 

tures. It can be seen that the coefficient appears to be constant 

over the range of temperatures indicated on the figure. Since this is 
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true, ther are no other variables involved and the deviation in 

points was due only to experimental error. 

The above paragraph substantiates the xact that for any finned 

element the heat transfer coefficient is a constant with any value of 

fluid or air temperature. One could then write an equation lor this 

particular finned element which would hold i.or any value of fluid or 

air temperature. Before this equation is written or cerivea one 

should ask the question, will this equation hold as time passes or 

ony at present? This question will he answered in the Conclusion. 







Relationship between Heat Transfer from ipper and Lower Elements 

Table C (page !7) is the relationship between the heat transfer 

from the upper and lower finned elements in the two-high arrangement. 

It was established by the ratio of the temperature drops in each of 

the finned elements. These ratios of the heat transferred from the 

lower element to that from the upper element vary from 2.0 to 2.26 

and the average is 2.]J.. Therefore, over two-thirds of the heat 

transferred is from the lower tube. This, o course, stands to rea- 

son because the inlet air or the air passing by the lower tube 

is at the lower temperature. Perhaps there should be a discussion 

on the arrangement of the finned elements used in the test and a 

reason for this type. 

Assume that there is only a certain amount of space available 

for the installation of the heating elements (finned tubes). The 

heating load of t:e building or room would be computed on the basis 

ol' design conditions. The next step would be to decide on the par- 

ticular element desired for installation. The manufacturers ot the 

elements have tested and rated the elements in some particular way 

and a table of the results is generally found in the nnufacturers' 

bulletins . ith all the data available the proper lengths of the 

elements necessary to transfer the heating load of the building or 

room can now be computed. As an example, assume this heating load 

to be 10,000 Btu per hour and oniy six feet of space is available. 

The manufacturers data give 5280 Btu per hour for one row six feet 

in length without cover. For two rows or a two-high arrangement the 



given data is 9000 Btu per hour and for three rows or three-high is 

l2,00 Btu per hour. This would mean that a three-high arrangement 

(18 feet of tubing) would be necessary for the design load. If 12 

feet of space had been available, the length of element required 

would have been less than 12 feet. This discussion is only for the 

purpose of explaining that a two-row element does not give double the 

heat that a one-row element of the same linear feet would give. The 

values given do not apply to the particular finned element used in 

this paper. The above discussion on the pos8ible necessity of 

arranging finned tubes two or more high is not applicable to testing 

of finned tubes because there is no definite heat load in the test 

cell. They were arranged in this manner for a twofold reason. The 

first was to keep all the instruments for taking data in a central- 

ized location. The second s to study and determine the temperature 

gradient along the tube surfaces. 



TABLE C 

Comparison of Heat Transfer Between 
Upper and Lower Elements In The 

Two -High Arrangement 

Run 
No. 

Temperature of Hot Water - 
F 

Temperature Difference Ratio 

1 2 3 (1 - 2) (2 - 3) (2 - 3) 
(1 - 2) 

16 159.8 155.4 146.6 4.4 8.8 2.00 

17 169.16 164.48 159.49 4.68 10.00 2.14 

ig 179.42 174.2 163.04 5.22 11.16 2.14 

19 189.86 184.1 170.96 5.76 13.14 2.26 

Symbols 

1 - Inlet water temperature 

2 - Tidpoint water temperature 

3 - Outlet water temperature 

The ratio is that of lower to upper element 
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Tube Surface Temperature Gradient and Convection Currents 

The surface temperatures were measured at nine different points 

along the two-high finned element. This tube surface is not actuaUy 

the outside of the ].j-inch steel pipe. The fins are stamped from a 

steel sheet and in the process a portion has been extruded. 

Figure a (page 18) shows this extrusion which is for the purpose of 

positioning the fins on the tube before this tube is expanded. This 

extruded portion is 1/LO of an inch thick. The pipe surface temp.- 

erature, as defined, is measured l/LO of an inch above the actual 

pipe surface. From Figure lii, (page S2) it Will be noted that there 

is quite a difference between the defined tube surface temperature 

and the fluid temperature. It should be remembered that the tubes 

were two-high in a ten foot length, so the total length of the tube 

is 20 feet. The first 13 feet is that of the upper element and the 

last 10 feet is the lower element. The points of measurement are 

shown in Figure % (page 18). Thermocouples (copper-constantan) 

were attached to th tubo at these points by means of solder. 

Possible errors involved in this method will be stated later. The 

Brown Electronik (16 point) Recorder, mentioned already under 

Equipment, recorded the temperature of the surface at the positions. 

Figure lL is a plot of the temperature gradient alon,L the tube 

surface and the fluid temperature within the pipe . There are two 

points plotted which show the actual surface temperature of the 

1*-inch pipes. There is a sizeable difference in these temperatures 

(actual tube surface and defined tube surface). If there is a 



separation between two surfaces, the mode of heat transfer is no 

longer conduction but radiation and convection. If the contact 

between tube and fin had been better, the temperature of the defined 

tube surface would be almost that of the tube itself and there would 

ho an increase in heat output. The only wa to assure good contact 

between Lin and tube for the method of fabrication used on those 

eleìients would be to solder the joints by some means. To determine 

whether the increase in heat transfer by soldering the contact joints 

would be economical is a problem for the manufacturer to analyze. 

This paper will so: only the factors affecting heat transfer. 

Figure iS (pago 3) is the same tyue plot as Figure 114 except 

that more runs re plotted and at different average radiator temp- 

eratures. Something very interesting was noted this plot. A 

table or; Figure 15 labeled Table D was deemed necessary in order 

to better understand the following statements. The flow rate is 

constant or nearly constant with a variation of only 3.6 pounds per 

hour for the four runs shown. The inlet air temperature for the 

runs can also be considered constant. lt can be seen from the table 
or plots that the difference between fluid and surface temperatures 

vary in some orderly fashion as the inlet hot water temperature is 

increased. At the highest inlet temperature this difference is 

the greatest. This shows that the convection currents have increased 

in velocity to allow more cooling of the surface temperature. iith 

an increase in velocity the flow of air must also increase, allowing 

more heat to be transferred from the element. Conïection is the 
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mode of heat transfer from these elements and without an increase 

in the convection current velocity there would be no increase in 

heat transfer as the fluid or air temperature changos. 

The surface temperatures were also recorded when low pressure 

steam was the fluid within the element. It was determined from 

the experimental data that the tube surface temperature at any 

distance along any of the surfaces was constant. The reason was that 

steam completely filled the elerfent and there was little or no 

subcooling of the condensate. 

The measurement of convection current velocities was attempted 

by using an Alnor Thermo Anemometer, type 8500, range 10 to 2000 feet 

per minute, which uses the principle of a hot wire in which the 

change in temperature due to the currents of air is registered as 

velocity on a scale. The instrument was so sensitive to changes in 

velocity that no reading could be obtained with any degree of 

accuracy. 

It should be mentioned how the surface temperatures of the tube 

were measured arid the probable errors involved in the measurements. 

The use of solder in attaching thermocouples is good if properly 

done. This was impossible under the circumstances involved. There 

was a little over of an inch beteen the fins and it was very 

difficult to work in this small area. The proper way to attach 

thermocouples would be to provide a well to insert the wires into; 

then, by filling the hole with solder no error would be involved. 

The only method that could be used to attach the thermocouples in 

this test was soldering the wires directly to the tube. This method 



would induce errors in the tennerattres recorded only in the sense 

that the temperature was measured at some point other than the deíin- 

ed pipe surface. It is again stated that actual, precise temperatures 

were not neossary as long as the data was comparable and the data 

is comparable since the thermocouple installation was the same at 

every point. 







Low Pressure Steam Test 

The results of the steam tests are shown in Table E (page 5). 

This data represents the average of ali tests and is nearly at the 

standard conditions prescribed by the test codes. If the code cor- 

rection factor to standard conditions is applied to the results, the 

correction is negligible. The capacity of the two-high finned 

element at the time of testing was U30 Btu per hour per linear foot. 

In l96 the same finned element (two-high without cover) was 

tested by Professor Arthur D. 1!ughes of the Mechanical Engineering 

Department, Oregon State College, Corvallis, Oregon. The result of 

his tests using low pressure steam was ]J9O tu per hour per linear 

foot. The difference betweeen his results and those obtained for 

this paper is 360 Ptu per hour per linear foot or a decrease of 

2L percent. This is by no means a small amount and the only ex- 

planation that can be offered is that the decrease in heat transfer 

is probably due to a scale and corrosion build up on the inner pipe 

surface. When the test was conducted in l96 by Professor Hughes, 

th tubes were new and, when the tests for this paper started, they 

had had considerable use. 
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TABLE E 

Steam Test Data 
of 

Finned Tube Radiation Tests 
Tio-High Nô Cover 

ts t(sat) Ps ta Ws Q 

F F in.Hg 
abs 

F lb/hr Btu/br-li 

216.2 213 31.03 64.6 21.95 1,130 

Sbols 

ts - Actual inlet stear temperature. 

t(sat) - Saturation steam temperature corresponding 

to absolute steam pressure. 

Pa - Average steam pressure. 

ta - Average entering air temperature. 

- Weight of steam condensate collected for test period. 

Q - Actual heat output per linear foot of element, test 
conditions as well as standard conditions. 



Comparison of Low Pressure Steam and Hot Water Results 

In the introduction to the discussion it vías stated that before 

the low pressure steam tests were conducted the tubOS were cleaned out 

with a strong basic salt. This should not have been done at this 

time because the main purpose of thìs paper other than determining 

what factors are affecting the transfer of heat from finn'd elements 

was to find a correlation between the results of steam and hot water. 

iy cleaning out the tube prior to the steam tests the hot water data 

and steam data are not comparable. There is no possible way to deter- 

mine what the heat transfer rate using steam would have been before 

the solution was added. 

Table F (page S8) is the results of the subsequent hot water 

tests after cleaning and a comparison of the results before cleaning. 

From this table it ill be noted that there was a 27 percent increase 

in heat transfer after cleaning the tubes. This shows that the scale 

and corrosion within the tubes had quite an effect on the heat trans- 

fer rate. 

Table G (page 9) is the comparison of the steam and hot water 

results to determine the accuracy of the factors listed on Table A 

(page U) of thìs paper. It will he noted that the calculated 

capacity of hot water is from 6 to 13 percent higher than the actual 

hot water capacity. It should be remembered that the factors in 

Table A are not the same as those listed in the test code for finned 

tube type of radiation. If the test code factors had been used, the 

difference would have been from 9 to 16 percent. This difference is 



S? 

not so groat that it could not be explained away by experimental 

error. This is the only explanation that can be offered with the 

exception that the factors could be in error. This does not seem 

logical and is considered to be untrue. 



TABLE F 

Comparison of' Hot 'iater Test Results 

Before arid After Cleaning Tubes 

Symbols Before After Before Alter Before After 

F 180.64 181.76 171.26 169.16 163.04 159.71 

W lb/hr 531.6 520 534 522 597 522 

dt F 17.73 20.03 15.95 20.16 12.24 17.82 

ta i 71.96 70.99 71.54 69.5 72.28 69.26 

Q. Btu/hr-Lf 491.9 624.8 444 547 380 485 

% increase 27 23 27 

Symbols 

tw - Average water temperature. 

W - Hot water flow rate. 

dt - Difference in temperature between inlet and outlet 

ta - Average entering air temperature. 

Q - Actual heat output per linear foot of element. 



TABLE G 

Comparison of Hot Water Capacities 

to 

Those Calculated Using Steam Data and 
The Table of Factors Listed in Table A 

Average - 
water 
temp. 

Calculated 
factor 

Calculateä 

Q 
Actual 

Q 

Difference Actual 
test 

Factor 

F Btu/hr-lf Btu/br -1f percent 

l9 0.75 847 750 13 0.65 

181 0.68 768 687 11.5 0.61 

171 0.60 678 629 8 0.56 

163 0.54 610 555 II 0.49 

153 0.47 531 505 5.5 0.45 

Note: The actual hot water capacities used above were determined by using the 
original data and increasing them by the 27 percent determined in Table 
F. 

The calculated factors c from the equations by Giesecke and Kratz 

(5, p. 22). 

'o 



Effects of Corrosion 

Vhen a metal such as steel is exposeJ to moisture and air, a 

chemical reaction occurs. This reaction is known as oxidation. This 

oxide will build up on the surface unless it is carried away or re- 

moved with a high fluid velocity or some type of additive. This 

deposit may continue to increase as long as air is present, reaucing 

the 1:eat transfer from the element. All water contains certain 

minerals and salts and, if the water is not treated, they wifl be 

deposited on t'ne inner surface of the tube causing a decrease in the 

heat transfer. 

In this particular test setup for hot water used in this paper, 

there was a constant source of fresh water being supplied to the 

elements. In fresh water there is a large quantity of free oxygen 

available to cause corrosion. There is also a largo quantity of 

minerals and salts that could be deposited on the pipe surface. By 

using fresh water this scale or deposit is being invited to occur. 

In hot water and steam systems for industrial or residential 

use they are generally closed systems. Py closed systems the author 

means that the sam.e water is used over and over again. if there are 

losses from the system, the make-up water that is supplied is goner- 

ally treated before it enters the system. In these closed systems 

scaling and corrosion is seldom a problem after th' initiai install- 

ation. The reason is that after the free oxygen is removed from the 

water and the minerals are removed either by initial deposits on the 
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walls or their remowil before entering the system there can be no 

more corrosion or deposits. A closed system is the only sure way to 

minimize this scale or deposit. 

To give the reader some idea as to the effects ori heat transfer 

by corrosion and mineral deposits (which shall be called scale), it 

has been found by investigators ( 1, p. 107 ) that for thick scale or 

deposits the conductance ranges from S to O Ftu/hr-sq ft-degree F. 

The con:1u:tivity for the 1-inch steel tube used in the construction 

of the finned elements is approximately 3000 Btu/hr-sq ft-degree F-ft. 

It will be state1 that iith a new tube (no corrosion or scale) the 

overall coefficiant of heat transfer is 100 peent. ith the max- 

îmum scale or minimum conductance the overall coefficient is l per- 

cent or a decrease in heat transfer of 8 percent. lt should be 

remembered that these conductances for deposits and scale are for the 

worst conditions possible. This shows the possible effect oi' cor- 

rosion and scale. Instead of transferring heat what is actually 

occurring is the inner tube wail is being insulated. It was deter- 

mined in the results that after the solution vas added to clean out 

the tubes there ias an increase of 27 percent in the heat transfer 

rate. This increase will show that there was considorable scale 

removed from the tube surface. How much was removed is impossible 

to detennine. r'ne can now see that one of the major factors that 

controls the heat transfer rate in tubes is scale, corrosion, sludge, 

and water-formed deposits. 
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Overall Heat Transfer Coefficient 

The overall heat transfer coeiJicient can be explained by the 

following equation (1, p. 106). 

U (overall heat transfer rato) i 

i i xli 
14Ç41 

hj - Conductance of the gas or liquid £iJin on the 
inside surface of the tube. 

fj - Conductance of dirt, scale, or corrosion 
product on the inside surface of the 
tube ( fouling factor). 

x - Thickness of the tube wall. 
k - Thennal conductivity of the tube alloy. 

- Conductance of dirt, scale, or orrosion 
product on the outside surface of the 
tube (fouling factor). 

- Conductance of the gas or liquid filin on the 
outside surface of the tube. 

Figure 16 (page 63) shows the barriers that heat, from the 

fluid within the tube, must pass through for the particular ele- 

ment tested. Thîs figure is hypothetical onky in the values of 

temperature gradient. The barriers in order from inside to outside 

are as follows; liquid or gas film, scale, pipe wall, air space (which 

includes two air film), the extruded fin portion, and an air film. 

The terms in the above equation for the overall heat transfer 

coefficient ( 1/y) are thermal resistances These resistances 

reduce the flow of heat through the pipe walls. The larger the 

resistance the less the heat transfer. It will be noted in the 

figure that the largest resistance appears to occur in the air 

space between the tube surface and the extruded portion of the fin. 

This is the point which the largest temperature drop occurred in the 
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finned element tested. If this air space were sealed, there would be 

more heat transferred from the particular element tested. 

The I-B-R test code states, in the table of factors for convert- 

ing steam ratings to hot water ratings, that, il' the average water 

temperature is 215 degrees F, the same amount of heat transfer will 

occur by using tea at 2l degrees F with not less than 2 nor more 

than 5 degrees superheat. 

The inner film conductance (which is h in the equation for the 

overall heat transfer coefficient) for a liquid being heated or 

cooled varies from 50 to 500 Btu/hr-sq ft-degree F ( 1, p. 107 ). 

A gas being condensed has a range in conductance from 1000 to LOOO 

Btu/hr-sq ft-degree F ( 1, p. 107 ) . These different values of 

conductances for a liquid being cooled and a gas being condensed 

would give a different value ol overall heat tran8fer coefficient 

for steam and hot water. It would then be impossible to arrive at 

the sane results using steam and hot water at the same average 

temperatures. This would mean that the I-B-R test code water rat- 

ing will be high by a certain amount. The equations for steam and 

hot water as derived by Giesecke and Kratz ( 5, p. 22 ) were 

Q l2.L8 (t8 * ta)L3 and Q 11.90 (t - ta)"3, respectively. 

Table A's conversion factors were derived from these equations. 

From those equations it can be determined that ij.5 percent more 

heat can be transferred using steam. This completely disproves 

the I-B-R test code factors but it should be mentioned that this 

is a uniform method of determining finned tube ratings using hot 



water. lt is uniform only if ail the manufacturers of finned elements 

use this code; then the ratings of aU. elements can be compared and 

the consumers can choose what finned elements they wish to install 

in their operation without any doubts about the element. 

In the discussion it is believed that some of the factors affect- 

ing the heat transfer from a finned element have been covered and the 

conclusion will follow. 



VI. CONCLUSION 

1. From the experimental data it can be concluded that the hot 

water flow rate or velocity of the fluid within the elements has no 

measurable effect on heat transfer. This is based on measuring the 

temperatures of the hot vater to the nearest O. degree F ana the 

flow rate to the nearest pound. The range of Reynolds numbers used 

in the hot water test was 2.5 x 1O to 1.8 x 1O. rren Harris 

( s, p. 19 ) determined that flow rate does have an effect but the 

temperatures were measured to the nearest 0.073 degree F. Vith the 

measurement of temperatures to the nearest O. degree F or the 

O.2S degree F recommended by the test codes the experimental errors 

could overshadow any effect that velocity has on heat transfer. 

2. The relationship between fluid ana air temperatures can be 

described by the following equation, Q h A (t8 -t ), where Q is 

the heat transferred, h is the heat transfer coefficient, A is the 

surface area, t is the surface temperature and tiS the ambient 

air temperature. If the heat transfer coefficient is constant and 

the difference between surface and air temperature increases, more 

heat Will be transferred. It was determined from the experimental 

data that the heat transfer coefficient is a constant over the range 

of temperatures used in testing the elements and the above equation, 

proved many years ago, is still applicable to this element. 

3. The relationship between the heat transferred from the 

different rows of elements in the multiple-high arrangement is 

directly related to conclusion 2. Without a difference in temperature 
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no heat cari be transferred. It was detoridned that for the two-high 

arrangement O to 5 percent more heat transfer occurred in the lower 

than in the upper element. 

¿. From the installation of thermocouples on the defined tube 

surface it was determined that there was poor contact between the 

fin and tube. On the average there was a 12 degree difference be- 

tween the actual and defined surface temperature. If the contact 

between the tube and fin had been perfect, this temperature differ-. 

erice would have been considerably less than 1 degree F. The overall 

heat transfer coefficient is dependent on different barriers. By 

eliminating this air space between lin arid tube the overall heat 

tranefer coefficient would be increased by a certain amount and a 

greater heat transfer could be realized from the same elements. 

Figure 17 (page 68) shows some of the different types of contacts 

that are possible between the lin and tubo with the method of fabri- 

cation (hydraulic expansion of the tube) used ìn constructing the 

elements tested. The three diagrams show the extreme possibilities, 

(a) is the ideal situation where there is perfect contact between the 

extruded portion of the lin and pipe, (b) is an extreme possibility 

in that the pipe has been over expanded causing a point contact to 

occur somewhere in the radius of the fin, Cc) is an extreme possibili- 

ty In that the pipe is expanded only enough to alioi the tip of the 

extrusion to be in contact with the tube. The last case, not shown, 

is where the pipe is expanded only enough to allow no real contact 

at all. There, of course, is no possible way to determine what 



xtrusio: 

wall ____ //////////i ____ 
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FIGURE 17 

POSSIBLE TYPES OF CONTACT BETWEEN 

FIN AND TUBE FOR THE ELEMENT USED 

o' 
a, 



hydraulic pressure should be applied to give perfect contact (if it 

is possible at all) unless different pressures are tried and x-raye 

taken of the element to determine how the im is positioned on the 

tubo. If this were done, it is possible that a hydraulic pressure 

could be determined that would give the best results inaofar as heat 

transfer goes. 

S. An attent was made to determine the increase in convection 

current air velocities as the fluid temperature was increased. This 

attempt failed because no instrument could be found that would give 

satisfactory results. It was determined from the data that the 

velocities do increase although no relationship could be determined 

between fluid temperatures and current velocities. 

6. The correlation of the heat transfer rate between steam and 

hot water was accomplished with fair results. The agreement between 

the factors derived from Giesecke and Kratz ( 5, p. 22 ) equations 

was within 13 percent. A definite relationship can be established 

and the calculated factors on Table A (page 11) are approximately 

this relationship. 

7. Corrosion1 sludge, water-deposits, and dirt appear to be 

one of the major factors involved in heat transfer from tubes. 

These deposits which can form on the inner and outer surfaces are 

very good insulators . If these deposits are not controlled, a 

98 percent decrease in heat transfer could occur after a period of 

time has elapsed. It is necessary for maximum heat transfer to keep 

the surfaces clean and free from rust, sludge, and wator-formed 

deposits. In the discussion section it was shown that a conductance 
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for thick scale could be Btu/hr-sq ft-degree F, for steel 

3000 Btu/hr-sq ft-degree F-ft. Air has an approximate conductivity 

of 2.1 Btu/hr-sq ft-degree F-ft. The equation given for tLe overall 

coefficient is U = i ; h, Ç f , h 
o o - * -t. 

i i 

a?oo 
have been defined on page 62. The and ka are the thickness and 

conductivity of the air space, respectively. By inserting values 

into the equation, it could appear something like this 

U:: i 
i + 3. x x 

1000 3000 

(film) (scale) (Pipe) (air space) 

i 

- 0.001 0.2 + 0.03 -t- 0.05 + 

= i U (overall) 
0.2b]. 

Vithout the scale U (overall) would be 12 or an increase of 300 

percent that of the original value. This will show that the 

greatest factors affecting the heat transfer coefficient appear 

to be the air space and scale. Without either present the heat 

transfer coefficient ould increase by approximately 700 percent 

more than the original value. This shows that by eliminating 

the air space (if present) and the scale or deposits that more 

heat can be transferred from the element. 

8. it is improbable that the same amount of heat could be 

transferred through a tube all using steam and hot water as the 

fluid (both at the same average temperature) because of the differ- 

exit values of conductance for steam condensing and hot ter cooling. 
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The range in film conductance for a fluid being cooled is less than 

the range in fi]lTk conductance for condensing steam. il the conduct- 

ance (for steam) is greater, it Will enable the overall coefficient 

of heat transfer (for steam) to be greater than that for hot water. 

If this coefficient (for steam) is greater, more heat can be trans- 

ferred through the tube wali using steam than hot water. This 

proves the inaccuracy of the I-B-R test code factors, inasmuch as it 

states that the same amount of heat can be transferred using steam 

and hot water at the same average temperature ( 7, p. 7 ). 

9. No equations can be britten governing the heat transfer rate 

from the finned elements under test because of the scale and corros- 

Ion on the inside surface of the tube. This answers a question in 

the discussion of this paper. As time increases 'Lth no or little 

control of these water and air-formed deposits, the heat transfer-. 

red from the element will decrease. It is believed by the author 

that a factor should he applied to aU elements rated to decrease 

the published ratings a certain percent. This would guarantee the 

consumer that the element purchased would deliver the heat transfer 

it is supposed to after the initial installation and initial deposits 

of rust and scale on the inside surface of the tube. 



72 

VII. RECOMMENDATIONS 

It is believed that further experimentation into the effects of 

scale, sludge, and water-formed deposith, using steam and hot water 

should be completed. There are many additives on the market to pre- 

vent thi3 scale and deposits. A thesis experiment could be set up to 

deternine: the decrease in heat transfer rate of a tube using fresh 

water as the control; the decrease in heat traier rato of a tube 

using a closed system ivith an initial charge of fresh water (this 

would determine the factor mentioned in Part nine of the conclusion); 

the effects of additives to prevent scale and deposits using a closed 

system with an initial charge of fresh water and additives. 

The above is a rough outline of further investigations into the 

factor affecting heat transfer from a finned tube (the inside 

surface fiiii coefficient). Further work and thought would be 

necessary to determine the test setups, control of variables and 

method of instrumentation. 
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HOT WATER TEST CALCULTONS Th 

r 

AND DATA r- RUN NO, HW 19 

I. AVG.CONDENSATE WEIGHT FLCW 
Net Lbs 29.82 Time min 3964 IbEj/hr 

2. AVG. BULK TEMP. 189.86 + 170,96 
2 

3. AVG. SPECèFIC HEAT 1O0 8TU. 
Lb.' F 

4. TEMPERATURE 
IN 189.86 

OUT 170.96 

. APPARENT CAPACITY of FINNED TUBES 7BT1J 
HR. 

6. AVG.AIR TEMP 64.1 

i CORRECTION FACTOR _________ 

8 CAPACITY of TUBES _IU 
HR 

9. ACTIVE LENGTH of TUBES 1917 FT. 

IO. CONDENSATION CAPACITY FOR TEST ._ BTU - ITFT, 

I I. AVG. 

& FLUID DENSITY 60.57 lb/cu0 ft0 

b. VISCOSITY O84 lb/ft-hr0 

c THERMAL CCNDUCTIVI TY --- 
d PPANDTL'S NO. 2.2 

12. FLUID VELOCITY O2i7 Ft ¡SEC 

13 REYNOLDS NO. 4W 7.81 X u'D7T - 
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HR.FT. F. 
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LOG SHEET1 FINNED TUBE RA[)ATK)N (& & HOT V/ATER ) 
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smi DATA AND CALCULATION 
SHEET 

Weight of condensate 22.94 lb/hr. 

Average steam temperature 216.4 F 

Barometric pressure 29.82 in. Hg, 

Steam pressure at inlet 1.39 in. Hg, 

Pressure corrections - 0,14 in, Hg. 

Absolute pressure of entering steam 31.07 in. Hg. 

Saturation temperature 213.9 F 

Condition of steam 3.5 deg. superheat 

Enthalpy (latent heat) 971.5 Btu/hr. 

Average entering air temperature 65.8 F 

Heat transfer rate 21,690 Btu/hr, 

Heat transfer rate per linear foot 1130 Btu/hr/lf. 

/ 
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