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Presface:

This Thesis, as the title suggests, is a comparison
of the heat transfer rates of galvanized iron and
aluminum pipe., This subject was chosen at the
suggestion of Prof, W.R. Woolrich, under whose
direction the Thesis was preparsad.

It is the writer's wish to acknowledge the
very valuable aid anda suggestions of Prof. Woolrich

in preparing this material, Thanks are also ex-

tended to lir, Paul W. Scates, a graduate student,

o

of the University of Tennessee,” for the assistance

which he very kindly gave.




General Survey of the Pield.

It has only been within the last few years
that aluminum has come into practical use, espscially
aluminum pipe, Because of this fact there has beén,
so fur, no necessity in knowing definitely just
what the heat transfer rate of aluminum pipe: is,
or how it comparss with the much more usasd iron
pipe, Therefore, no other experiments similar to
this have been performed. This does not mean,
nowever, that the rssult of an experiment such as
this will not be of value in the future, especially
in the rapidly expanding field of air conditioning
in the modern industrial plant and the up=-to-date
home., ZIHven though it may not be practical to
use aluminum pipe in the air conditioning, or cooling
unit, it is important to know just why it should
not be used,

In 1929, Prof. W.,R. Woolrich, of the University
of Tennessee, made extsensive expsriments on the
effect of the humidity on the heat transfer rate,
using black and galvanized iron pipe as the heat
transferring material, This Thesis is, therefore,

continuation, to a limited extent, of these pre-
vious tests., The difference was that aluminunm
pipe was used instead of the iron pipe, and the
tests were not so extensive; but sufficient to show

a comparison,




Purpose:

The chief object in performing this experiment
is to compare the heat transfer rate of aluminum
pipe with that of galvanized iron pipe under the
varying humidity conditions of the air surrounding
the pipe, and tre various temperatures of the heat
carrying medium:.within the pipe, relative to the

temperature of the outside air,




General Theory.

The apparatus used in performing this experiment
was so arranged that the témperature and the velocity
of the air flowing over the pipe were kept constant,.
Also the temperature of the heat carrying medium
within the pipe, which was water, was kept constant
at the inlet end of the test pipe. The rate of flow
of water thfough the pipe was also kept constant,

The only thing that was allowed to vary was the
relative humidity of the air surrounding the pipe.
Using this method it was possible to have two con-
ditions of heat transfer namely; cold air flowing
over a hot traensfer surface, in which case the heat
is transferred from the water to the air; and the
condition of hot air, flowing over a cold transfer
surface, in which case the heat is transferred from
the air to the water,

It was found by Prof Woolrich that a variation
in the humidity did not affect’ the heat transfer
rate if the cold air was passed over the hot surface, (1)
However it was found that if hot air was passed
over a cold surface,, the heat transfer rate in-
creased as the percent of relative humidity increased;
after the humidity had become high enough to cause
condensation on the pipe due to the lowering of the
temperature of the surrounding air.This condensation
created a wetted surface on the pipe which gives

(1). "Refrigeration Engineering", June 1931,




much better contact between the air and the pipe,
becauce here we have first a gassthen a liquid, amd
finally .a solid.through which the heat is transferred.
It is obvious that this closer contact increases

the rate of heat transfer, This theory was further
carried out recently in an experiment on the effexct
of the humidity on the melting rate of ice per=-

formed by a graduate student of the University of
Tennessee: (2)

It is quite logical that the conditiom of
having a wetted surface on thes aluminum pipe,
would have the same genersl effect on the heat
transfer rate, and as far as the closeness of
contact is concerned iti should be the same, This
assumption was made before the tests were made,

Another reason for there being a difference in
the heat transfer rate of aluminum and gaslvanized
iron pipe, is the question of the thermal conductivity
of the material., The thermal conductivity of
aluminum is: a2 small fraction less: than twice that
of ‘lron, Then one would expect a greater heat
transfer rate in the case of the aluminum pipe.

The question of the condition of the surface of
the two pipes is another element which would have
some effect on the heat transfer rate; the brighter
polish surface giving the lesser rate, The piece
of aluminum pipe used had much more of a polished
surface than did the galvsnized iron, This was:

(2) Scates, Paul W., “"Factors Effecting Ice lielting
Rate",




the natural finish of the pipe as it came from the
mililis,

The oxide coating which forms on aluminum
g

D

surfaces could also have some effect on the heat

¢

transfer,
It is not the purpose of this Thesis however,
that it be shown just to what extent each of the
above mentioned elements affect the heat transmissdon..
Our purpose 1s merely to see if there is a difference

and in which direction.




llethod and Apparatus,.

The same apparatus was used in this experiment
that has beeniused very successfully bhefore: in
several similar tests. It is probably one of the
best set-ups obtainable for this purpose. A
diagram of the essential parts of the apparatus
is shown in Figure 1, An air duct about 33 feet
long and twenty inches in ¢iameter, is connected to
the discharge of a Sirroco fan, The fan is driven
by a small steam engine, whose sp:zed can be controlled
by the throttle valve. '

Extending backward from the discharge end of
the duct and down the center of the duct,, was
placed a twenty foot! length of standard one and
one fourth galvanized iron pipe., The inlet end of
the pipe was connected to an elevated tank which was
two and a half feet deep and two and a half feet in
diameter, giving a capacity of about 90 gallons.

The tank was some ten feet from the inlet end of

the test pipe, and as near to the ceiling of the
labaratory as was possible, and still be accessible
for filling. The tank was enclosdd in a wooden box,
and insulated around the sides and bottom with saw-
gust, ana was connected to the inlet end of the test
pipe, with s piece of insulated hose,, so that the
water in flowing from the tank to the pipe would

be as small as possible,
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The outlet end of the test pipe was equipped
with a short length of smell pipe extending verticslly
downward to the outside of the duct. A three-sixteenth
inch nozzle was placed on the end of this pipe: which
regulated the rate of flow. The water discharged
into a sampling bot tle, as showfl, and from there it
Was carried to a weighing tub and scales for weighing.

The temperature of the water at the inlet and
outlet end were taken in the sampling bottles, shown
in ‘the diagram,

The air temperature was measured with a ther-
memeter placed in the air duct, between the fan and
the test pipe.,. Close besides this thermometer was
placed a wet bulb thermometer for ths purpose of
determining the psrcent of relative humidity.

The air velocity was kept constant, by adjusting
the throttle valve of the fan engine.

The greatest possible precaut ion were taken to
avoid errors in the tests, Considerable time was
required before some of them were ironed out, and
acceptible data obtained,

In making the tests with the hot water and
cold air, the overhead tank was filled about two
thirds full of water, which was then heated with
steam until the desired inlet temperature had been
reached, It was found that the water lost about
€ degrees F, in flowing from the tank to the pipe..

To avoid error the water was heasted, as near as pos--




sible to the same temperature each time, anéd if it
was not exactly the same for one test as for another,
the main object was to keep it constant during the
test, reading would

To

so thamt each inlet temperature

have a corresponding outlet reading. be able to

maintain this situstion, it required practice and was

finally done by maintaining constant head in the
tank, and by turning on just enough steam to k=e
the temperature constant, It required several
minutes sometimes to maske such an adjustment but
after it was once done, tests could be made cone
tinuously.

To produce

about half full

the cold water the tank was kept

of finely chipped ice, and the water

level kept just high enough to be seen at the low
places in the ice,

The incoming water necessary to maintain con-
stant head was distributed over the top of the ice
by letting it drain from a slightly board, so that
the warm water would not fall directly to the bottom
of the tank, and go out through the outlet,.

To avoid error in the inlet and outlet tempera=-

ture of the water the same
taking bvoth readings, The
used for this purpose was

degree Centigrade, for the

thermometer was used for
thermometer which was

graduated in tenth of a
five tenth

hot water, and

of a.degree Farenheit for the cold water tests.




The temperature of the air in the ductiwas kept
constant, as far as possible, by raising and
lowering the windows of the laboratory. This was
one of the most dif ficult features of the experiment;
especially if it was necessary to have several wine--
down open while the wind was blowing outside.. As
far as possitle, the tests were made on cold days,
so that it would not be necessary to have the windows
open,

The humidity was controlled by opening numerous
steam jet located at various points in the laboratory.
Low humidities were obtained on days or nights when
the outside air was very cold. The reason for doing
this was based on the fact that the relative humidity

of cold air is reduced when its temperature is

raised, It was found that it was not safe to g0

above 90% relative humidity, because there was such
8 small differential in thsz wet and dry bulb tem=
perature there, =nd exterpolation would be more
accurate,

For each . test novless than four temperature
readings were taken, and the fan speed was
carefully checked, Xach test dasted twenty minutes
or over, The temperature of the water at the out=-
let was tzken immediately after the dry buld tenper=-
ature was tabulated, so that they would be corres=-
ponding values., The mean of the four or more read-

ings were taken for maeking the calculation .




el

The only reason for making ths test on the
galvanized iron pipe, was to eliminate variation
caused by two different persons running tre
experiment, But since this variation was very slight
for the hot water tests, it was not necessary to
repeat the test on the galvanized iron for the cold

water,
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Calculations:

The calculations of the heat transfer rate
were: very simple,
Let ta = temp, of air deg. F.
t. = inlet temp. of water deg. F.
to = Outlet Temp. of water deg . B,
W = Rate of flowing water, lbs. / hr.
& = Ares of pipe s sq. f£t,
Then the heat transfer rate,

Pl /arsjaq. £t /deg ¥ Dif.
= tfj

W(t.=t,) is the total number of B,T.U. given

up by the water per hr. and E(th 2 'tﬂis
the difference in the msan temperature of the water

and the temperature of the air,
The following is a specific example of the
calculations. (Sse=Test No. 5)

t; = 196.3 7,

to=173.5°F,

ta=80.9°F,

W o= %‘Pﬁ = 339#/hr, .
Then,

B.T.U./ hr./ sq. ft., / deg.F. dif,
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Results and Conclusions;

The results of the experiments performed in
this Thesis are shown in the form of curves, which
are plotted with the heat transfer rate as the
ordinate, and the relative humidity as abscissa,

Figure 2 shows "the values obtained for the
galvenized iron pipe, using hot water inside of the
pipe. Also on the same sheet is sﬂ§wn the values
obtained by Prof., Woolrich in a similar experiment.(i)
This curve is the broken line. Since the scale af
ordinates is very large there. . is very little-dif-
ference in the two values 'about 2 %). ;

Figure 3 which is plotted to the same scale of
orainates, shows the value of the aluminum pipe
tests, This curve is shown in black, -On the same
sheet with this curve, is the curve for the galva-
nized iron pipe (shown in blue), The surprising

fact that the heat transfer rate of aluminum pipe

15 SHOW 7
is less than that of tke galvanized pipc}e‘e and that

the assumption mede in the beginning was wrong.
The difference is sbout one perceht.

About the only explanation that can be given
as to why the rate is less for the aluminum pipe
is that the effect of the polish snd the almost
invisible oxide film, more than counteracts: the
increase caused by the greater thermsl conductivity.

of aluminum,

(i) See Page 3.
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There is stillianother element which mey tend
to reduce the transfer Tate,” "If a piece of alu-
minum is dipped in a vessel of water it will be
noticed thati the water sheds off quigkly;; as tho
the metal were oily, This shows that there is not
so much adhesion between aluminum and water as
there is between iron and water;: consequently there
is less contacti between the water on the inside of
the pipe and the aluminum, than there is for the iron. (1)
This evidently to an unknown extent would retard the
rate of heat transfer,

Figure 4 shows a comparison between the curves
for the galvanized iron pipe (broken line) and the
aluminum pipe (solid line) using cold water., 1In
this csse the heat transfer rate of the aluminum
pipe is about on an average, lo% less than that of
the galvanized iron pipe.

Here we have again the possibility that the
heat transfer rate is reduced by the "oiliness"
of the aluminum pipe surface, This time the effect
is produced on both sides of the pipe, because there
is a film of condensed moisture on the outside
which did not exist before,

The purpose of Figure 5 is msrely to show all
of the curves om the same sheet, for comparison.

From the results of this test on aluminum pipe
it was concluded that the possibilities of using
aluminum pipe, as a heat transferring metal, are very
slight, as far as heat itransfer rate is concerned.

(1) Substance of a conversation with Prof. Woolrich.
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However, as it was stated before, it is important

10]

to know this fact, therefore a work like this i

of value,.
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AP PWRLN DT T
GALVANIZED IRON PIPE

\REA OF PIPE 9 8qQ., FT.
WATER 195 Deg. F.
AIR 80 Deg. F.

AIR VELOCITY 2240 Ft. Per Hin,




TEST NO. 1.

Duration of Test
Rate of flow
Average Int, Temp
Average Out, Temp,
Dry Bulb Temp;

Wet Buldb Temp,

AFes R PO,

20 minutes
310,060 X1bo/
196.16 Deg. F.

10086 DBw- 1

82.5 Deg. F.

63.0 Deg. F.

378

Heat Trans. Rate 8.28 B,T.U, / nr./sq.ft./Deg.

Duration of Test

Rate of Flow

Average Int, Temp,
Average Out, Temp,

Dry Bulb Temp,

Wet Bulb Teémp.

Avg., R.P.M,

21 minutes,
3140 Lb./ hAr,
195598 Do, B,
71 .68 Degii B,
83.5 Deg., F

64 .0 Deg., T,
376

B sDa

Heat Trans, Rate 8,18 B.T.U., / nr./ sq.ft./Deg. F.Dif.




TEST NO.

Duration of Test
Rate of flow
Average Int, Temp,
Average Out, Temp,
Dry Bulb Temp,
Wet Bulb Temp.
Avg., R.P. M,

it

Heat Trans, Rate 8.3 R.T.U.

Duration of Test
Rate of flow
Average Int, Temp,
Average Qut, Tenp,
Dry Bulb Temp,

Wet Bulb Temp,

AVE RPN,

ii

20 minutes

342.0 Lb./ hr,
195.9 Deg. F.
5.0 Den s P
80.6 Deg..F.
69,0 Deg. F.

3170

hr./sq. ft./deg.

20 minutes
342.0 Lv., / hr,
196 .0 Deg. F.
173.0 Deg. F,
81.0 Deg., F.
69.6 Deg., F.
374

roadlf

Heat Trans, Rate 8,35 B,T,.U./hr./sq.ft./deg.F.Dif.

\




TEST NO. 5.

Duratiom of tsst
Rate of flow
Average Int. Temp,
Average Out. Temp,
Dry Bulb Temp,
Wet Bulb Tenp,

Ave, R.P. M.

S s s

20 minutes
342.0 Lb, / hr.
196,3 Deg,F.
173.5 Deg.F.
BL Y Deg,F,
"8<6 Deg. B,

380

Heat Trans. Rate-8,25 B,T,U./hr./sq.ft./Deg. 7. dif.

TRST NO=~67;
Duration of Test
Rate of flow
Average Int., Temp,
Average Out. Temp.
Dry Bulb Temp,
Wet Bulb Temp,

Avae s RPN,

23 minutes.
318.0Lb./ hr,
196 .4 Deg.F.
77.8 Deg.F.
das e Deg .,
72.0 Deg. F.
380

Heat Trans, Rate 8,25 B,T,U, / hr./sq. ft./deg.F.dif.




Duration of test
Rate of flow
Average Int, Temp,
Average Out. Temp.
Dry Bulb Temp,

Wet Bulb Temp,

Avg., R.,P.U,

Heat Trans, Rate 8.21 B,T.U. /hr./sq.ft./deg.F. dif.

Duration of Test,
Rate of flow
Average Int,., Temp,
Average Out. Temp,
Dry Bulb Temp,

Wet Bulb Tenp,

Avg.. R, P. I,

Heat Trans. Rate 8,34

BiX.U. /hr/eeufy./d

20 minutis
342.0 Lb./ nhr,
196.5 Deg.
173.8 Deg.
80.9 Deg.F
73.0 Deg. F.
3806

22 minutes
oL0 b Lb. fihy
19%7.3 Deg. ¥,
172.4 Deg. F.
8050 . Deg .

SN0 Degi P,

370

e R

bt - LD




TEST NO. 9,

Duration of test
Rate of flow
Average Int, Temp.
Average Out, Temp,.
Dry Bulb Temp.

Wet Bulb Temp,

AVE =R B,

Heat Trans. Rate 8.22 B.T.U./hr./sq.ft./deg.F.dif,.

JEST ENCG 20

Duration of test
Rate of flow
Average Int, Temp,
Average Out. Temp,
Dry Bulb Temp,

Wet Bulb Temp,

Avg. R.P.M,.

Heat Trans. Rate 8,25 B.T.U./hr./sq.ft./deg.F.dif.

22 minutes
319.0 Lb,./ hr,
197:3 Deg. B,
131 Deg ¥
81,0 Deg P,
13 .0:Deg . B
376

23 mnminutes
8318 Lhe ok hy,
194.7 Deg.F.
172.0 Deg. ¥,
82,0 Teg . H.
63,0 Deg.F.

202




Asp Bl KRS DE T

ALUMINUM PIPE

ARBA OF PIPE 9.13 8Q. FT,

WATER TEIMP.

AIR TEWP,

AIR VELOCITY

195 DEG.F.

80 DEG, Fi

2240




TEBT RO .1,
Durastion of Test 20 minutes
Rate of flow 512.0 LB £ hv,
Average Int, Temp. 197.3 Deg.F.
Average Out, Temp, 105,60 Deg sl
Dry Bulb Temp 80.0 Deg. F.

Wet Bulb Temp, 66,0 Deg. F.

AYE. RPN, 374

Heat Trans. Rate 8.06 B,T.U.,/nr./sq. ft./deg. F. dif,

Duration of test 20 minutes

Rate of flow 342.0 Lb./

Average Int. Temp, 196 .6 Deg.

Average Out, Temp. 193 .0xDeg .

Dry Rulb Temp. 80.0 Deg. F

Wet Bulb Temp, 66,0 Deg: F.

Avg R.P.M. 380

Heat Trans. Rate 8.3 F.T.U. / hr./sq.ft./deg.F.dif,




Duration of test
ate of flow

Average Int. Temp.

Averagse Out, Temp.

Dry Bulb Temp,

Wet Bulb Temp,

Avg. R.PRHM,.

Heat Trans.

Duration of test

Rate of flow
Average Int, Temp,
Average Out!, Temp,
Dry Bulb Temp

Wet Bulb Temp,

Avg R.P.M,

Heat Trans, Rate 8 .08 B,T.U./hr./sq. ft./deg. F.dif.

TEST NO. 3.

TEST NO.

zll .

sk

20 minutes
342.0 Lb./ hr.
196 ,0 Deg.F.
172.6 Deg.F.
80.0 Deg.PF.
74.0 Deg. F.

380

Rate 8,3 B.T.U./hr./sq. ft./deg.F. dif,

20
34220 bt hr.
195.4 Deg. F.

minutes

172.8:-Deg. F,
80.0 Deg., F,

74.0 Deg.
380

hnl
SIS




Duration of Test 21 minutes
Rate of flow 339.0 Lb./ hr.
Average Int, Temp. 196 .2 Deg.F.
Average Out. Temp. 23,2 Dag P,
Dry Bulb Temp, 80, 0-Deg.

Wet Bulb Temp, 74,0 Deg. F.
Avg.R.P.M. 380
Heat Trans. Rate 8.16 R.T,U./nr./sq. ft./ deg.F.dif.

Duration of test 20 minutes
Rate of flow 342,0 Lb,/ hr,
Average Int, Temp. 196.4 Deg.F.

e Out, Temp, 193.4:Deg. W,
Dry Buldb Temp, 80.0 Deg. F.
Wet Bulb Temp, 74 .0 Deg. F.
AYg RPN, 380

Heat Trans Rate 8,14 B.T.U./hr./sq. ft./deg.F. dif.




v

THST RO.. 7.

Duration of test 21 minutes
Rate of flow 307.0: Lb. 7/ nur,
Average Int, Temp, 1950 Deg
Average Out, Temp, 170, 0: Dec P,
Dry Bulb Temp, 80 .0 Deg. B,
Wet Bulb Temp, 03,0 beg. .
Avg R.P.U, 378

Heat Trans, Rate 8,2 B,T.U./hr./sq. ft./deg.F. dif.

TEST NO., 8.

Duration of test 21 minutes
Rate of flow 33100 L./ Hr.
Average Int, Temp. 135,77 Deg. ¥,
Average Out. Temp, 170.8:Deg., F,
Dry Buld Temp. 80.9 Deg. F.
Wet Bulb Temp. 6835 Deg . I,
Avg R.P.M, 380

Heat Trans. Rate 8.25 B.T.U./hr./sq. ft./deg. F. Dif,




Duration of test

Rate of flow

Average Int, Temp,

Average Out, Temp

Dry Bulb Temp.
Wet Bulb Temp,
Avg R.P.M,

Heat Trans, Rate 8.03

20 migutes
30050k .7 hE.
19550 Deg..
L5 Deg,
80.9 Deg. F.
78.0 Deg. F
380
B2 e Jeg. £, /deg. P, dif;

F,

TEST 1

Duration of test
Rate of flow
it

Average Temp,

Average Out, Tenp,
Dry Bulb Temp
Wet Bulb Tenmp,

Avg R.,P.M,

a1
308.8 1Lb,/ hr.

minutes

195.7 Deg. F.

e

171.0 Deg.
80.9 Deg. F.
W8soDeg I,
378

Heat Trans., Rate 8.14 B,T.U./hr./mq. ft./deg.F. dif.




ALUNMINUM PIPE

AREA OF PIPE

WATER TEIWP,

AIR TBWP,

AIR VELOCITY

C.

9.135

an

O%o

40 DEG., F

90" DEG. P

2240

i i

il

PER

MIN,




TEZT

Duration of test
Rate of flow
Average Int. Temp,
Average Out, Temp,.
Dry Bulb Temp

Wet RBtlb Temp,

Avg R.P.UM.

NO.1.

Beis

328

5 minutes

sl hy.,

40.31 Deg. F.

53.
P

09 - Deg -

75 Deg. F.

5.0 Deg. ¥

378

Heat Trans. Rate 11,5 B.T.U./hr./sq. ft./deg.F.dif.

TEST

Duration of tsst
Rate of flow
Average Int, Temp,.
Average Out, Temp,
Dry Buld Temp,

Wet Bulb Temp,

Avg. R.P.M,

NOL 2

20
338

minutes

0 XB./ hr.

43,33 Deg., F.

54,0 Deg. F.

88.0 Deg. F.
88,0 Deg. 7,

376

Heat Trans, Rate 10.0 B.T.U,/hr./sq. ft./deg.

w
£

ddf.
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Duration of test 20 minutes
Rate of flow 342.0 10~/ hr,
Average Int, Temp, 41,435 Deg. F.
Average Out. Temp, 5646 "Dag. F.
Dry: Bulb:Temp, 80 .5 Deg, P,
Wet Bulb Temp. 813 Deg.F¥.
Avg R.P,.M, 378

Heat Trans. Rate 13,9 B.T.U./nr./sq. ft./deg.F. dif,

Duration of tzst 20 minutes
Rate of flow 342.,0"Lb./ hr,
Average Int. Temp,. 43,0 Deg. F.
Average Qut. Temp, S8 Deg . H,
Dry Bulb Temp, 89.9 Deg. F.
Wet Bulb Temp, 8150 Deg. 1,
AV, R, P, 380

Heat Trans. Rate 14.0 B.T.U./hr./sq. ft./deg. F. dif.




Duration of test
Rate of flow
Average Int, Temp,
Average Out, Temp,
Dry Bulb Temp.

Wet Bulb Temp.

Avg. R.P.M,

Heat Trans, Rate 16.1 B.T7.U./hr./sq, ft./deg.P. dif.

Duration of test
Rate of flow

Average Int, Temp.

Average Out, Temp .

Dry Bulbd Temp,
Wet Buldb Temp,

Avg R.P.M,

22 minutes
335.0 Lb,/ hr,
42,9 Deg . ~-H,
61,25 Deg. I,
92.9 Deg.,
87.5 Deg.

378

20 minutes

342,0 Lb,/ hr,

42 ,6 Deg, F.
S0.9 Degi B
91.0 Deg.
68,0 Deg.
380

Heat Trans, Rate 6.6 B.T.U./hr./sq. ft./deg.
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