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CHAPTER I
INTRCDUCTION

The addition of extended surfaces, such as fins and
splines, which are intended to increase the heat transfer
through the original surfece, is usually justified when
the thermal resistance of the original surface 1s large,
relative to other resistances in the system. In the case
of tubes with liquids flowing through them, for instance,
the thermel resistance due to the liquid may be small,
relative to the resistance associsted with a still or movim
gas surrounding the tubes. The addition of fins to the
outsides of the tubes, in this case, by providing additionsl
surface aree, should increase the heat transfer through the
tubes,

Since the temperatures on the fin surface will be less
than temperatures on the original surface because of the
temperature drop in the fin material due to heat conduction,
the heat transfer will not increase in the same proportion
as the amount of added fin area. An expression, called
the fin efficliency, can be calculated to account for the
difference in temperature between the fins and the original
base surface. The concept of fin efficliency 1s also useful
in defining a coefficlent of heat transfer of extended

surface,



It is difficult to estimate the overall coefficient
of heat transfer between two fluids through a finned tube
because of the problem of predicting a heat transfer coeffi-
cient over the finned surface of the tube. The heat trans-
fer coefficient over fins is determined from experimental
tests, where, in most cases, this coefficient is deter-
mined indirectly, such as by subtraction of known thermal
resistances from the measured overall thermal resistance.

The purpose of this research was to devise a test
procedure and means of instrumentation so that the coeffi-
cient of heat transfer over finned tubes could be deter-
mined directly from the experimental measurements and from

knowledge of the fin efficiency.



CHAPTER II
LITERATURE REVIEW

The earlier work on the conduction heat transfer
through extended surfaces, especlally that work of Murray
(1) and Douglass (2), was extended by Gardner (3) in gener=-
2lizing the analytical solution for conduction through
surfaces of various geometries. In addition to assuming
an isotropic, homogeneous fin materiasl with constant
thermal conduetivity, Gardner assumed

{1) o uniform temperature of the sure
rounding fluid,

(2) no heat transfer through the fin
edge,

(3) the coefficient of heat transfer
to be uniform over all fin surface,

(4) & uniform temperature across the
root of the fin,

(5) there was no temperature gradient
in the fin in the axlel direction
of the tube.
Gerdner's solutions for the fin efﬂciencleal of many
different surfaces, in the form of Bessel functions, were

also presented in a2 useful graphical form in his paper.

Trhe efficlency of extended surfaces 1s defined as the ratio
of the heat actuslly tranasferred through the fin surface to
the heat transfer through the fin surface had the entire
surface of the fin remeined at the temperature of the fin
root.



Figure 5 of that peper was used by the present author in
later calculations.

Assumption (2) sbove, by Gardner, which neglects the
heat transferred through the fin edge, was necessary only
to simplify the mathematical expression for efficlency.
Harper end Brown (4) suggest that the additional heat flux
through a fictitious surface resulting from an extension
of the fin helght will account for neglecting the edge heat
trensfer,

Assumption (3) concerning a uniform coefficlent over
all fin surface 1s far from being true in practice, parti-
cularly for circumferentially finned tubes. Hany studies,
such as those of Thompson (5), Lemmon (6), and McAdams (7),
indicate that there is usually a large variation of the
forced convection coefficlient with angle around the tube
and fin and with radius along 2 fin. The distribution in
the magnitude of the coefficient appears to be dependent on
the Reynolds number of the flow and on the spacling between
the fins eslong the tube.

Williems and Katz (8) determined the surface coeffici-
ent for copper and admiralty metal finned tube bundles
from the value of the overall coefficient which was obtainel
by the Wilson plot procedure. Thelr tests included the use
of water, glycerine and lube oil as the shell side fluids.
The resulting data were correlated very well by the rela-

tionship



Ny = C(Nre).GS (Npr)'375 (fEQ'14
The values of the constant C ranged from 0,115 to 0,182
depending on the tube arrangement and fin materisal.
eCright (9) measured the surface temperature of a
single finned tube while using an unguarded electric heat-
ing element to provide for heat fluxes. His data were
reduced and compared to that obtained 1n this investige-
tion.
A guarded electric heater slmilar to the one used in
this inventigation was used earlier by Snyder (10) in 2
gsomewhat simlilar fashion. Snyder's heater replaced, and

theraby simulated, a2 tube in a bank of plein tubes in

crossflow with air.

(62



CHAPTER III

THE THESIS PROBLEM

The following dlscussilon pertains particularly to the
circumferentially finned tube which was used in this re-
search, A simplified single fin and tube segment is
represented in Figure 1, The complete finned tube consists

of many equally spaced fins along its length.

T 2 2
t Ap = L 4(De=D
I‘” ¢ = 2 x nL x 4(Ds-Dg)
—€—~ 1 f Ag =nDglL -~ nLuDgt
8 Dy D¢
L B K A, = Ap + Ag + A,

Ap = nLyr Det
Fig. 1 Section of Circumferentially Finned Tube.

The significance of the fin efficiency expression is
in providing a tool with which to form a loglical definition
of the surface coefficlent of heat transfer on extended
surfaces., Two ways of defining a coefficlent are discussed
here. The mean coefficlient of heat transfer may be defined

over all extended and base area by

A
a=h, S ° ¢ da (1)
[o]

If equation (1) is written as
q =h, A, 6 (2)

then 6, 18 interpreted as the mean temperature excess for

6



all surface. The heat transfer may also be written as the
sum of the heat flows through fin and tube surfeces
qQ =qf + qg = he Ap 6 + hg Ag O4 (3)
Assuming that the heat transfer coefficient 1s the
same for all tube and fin surfaces, he = hg = hy, and that
the tube surface temperature is the same as the fin root

temperature, 64 = 6, the equation for fin efficiency is

ﬁ:%:m%:ﬂ:h (4)
qr for 6 = 8, Dhe Ar € ©p Op

and equation (3) becomes
q = hog (fAr + Ag) (5)
If equation (5) is multiplied and divided by A,

A A
a=noto [0 B3L + 3D | (6)

The quantity in brackets in (6) may be interpreted es
the mean temperature excess, ©,, over all outside tube and
fin surface, as in equation (2).

An alternative procedure 1s to define the quantity in
parenthesis in equation (5) as the effective area for heat
transfer,

Ag = (ﬂﬂf + AB) (7)
This method was used by Williams and Katz (8) and was
followed by the present author. In other words, the outslde
coefficient of heat transfer was defined for the finned

tube as

=_0° (8)
ho eﬂ Ae




The problem in this research was to develop a pro-
cedure for obtaining the measurements needed to calculate
the surface coefficient for the finned tube from equation
(8). In equation (8), the total heat transfer q, the mean
temperature excess of the tube surface, 85, and the effec~
tive tube area, Ay, are required.

An electric heater, in tubular form, guarded at the
ends, was considered ss & sultable means of providing for
heat fluxes which could be readily controlled and measured.

Considering the relative ease of instrumentation,
the mean tube surface temperature was deflined in terme of
the temperatures st several stations on the periphery of
the tube and st the midpoints between the fins.

The effective area of the tube could be calculated
wvhen the fin efficiency was determined. The fin efficiency
was avallable from Gardner's solutions, previously dis-

cussed.



CHAPTER IV
TEST REQUIPMENT

The finned tube employed in the experiment was instale
led in the 14 in. by 5 in. test section of a sheet metal
duet system, shown in Figure 2., The test section was pre-
ceded by a bank of 1 in. straightening tubes of 1 ft length.
Following the test section was a transition section snd a
7 ft. length of straight 6 in. nominasl diameter pipe in
which a square-edged orifice, with flange taps, wes instale
led. A stove plpe damper was used as a bleed valve for
regulating the flow of alr induced by the compressor
through the test section.

Minned Tube Deacrintion

The finned tube was a model 6K16, supplied through
the courtesy of the Griscom~Russel Company. The fins on
the tube were heliecally wound at the rate of 8 fins per
inch of tube length. The tube was 3/4 in, 0.D. and 0,62
in., I.D., The fins were 13/32 in. high with a thickness of
0.014 in. The tube material was sluminum. The tube was
tested as received from the manufacturer, in s clean con-
dition, with no surface preparation of any sort. The tube

was ecut to a2 length of about 14 in. prior to installation.
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The CGuard-Heater

Detalls of the electrical guerded heater are shown in
Flge 3. The heater includes three separately controlled
heating circults: two guard-heester coils, each 4 in, long,
and one test heater coill, 6 in. long.

Epach heating coll was lathe=-wound from #2656 gage B & S
chromel wire stock., The colles were secured on short cylin-
driecal sections of 7/32 in. 0.D, high-temperature ceranmic.
The heater leads were brought out the end of the heater
assembly through holes along the centers of the ceramic
sections. Assembly wae completed by positioning the heater
core in 2 cylindrical copper sheath of 0.60 in. 0.D, and
7/16 in. I.D. and filling the annular space between the
core and sheath with a high-temperature plastic porcelain
cement. A spacer of ceramic cement was bullt up on the
center of the heater core before assembly into the sheath
to provide for centering the core.

Preliminary tests with this heater showed that the
resistance of the test heater coll was 36 ohms and of the
guard heaters, 27 ohms each., The surface of the copper
sheath oxidized badly at high temperstures, necessitating
polishing of the heater surface after each test. Becsuse
of the closge spacing of the hester colls, short circuit
fellures occurred with the first two heaters which were

constructed, A third heater, which was used successfully

11
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in these tests, falled in 2 similar way when additional
tests were attempted,

The effect of different degrees of contact of the
heater wlth the inside finned tube walls was briefly in-
vestigated. The heater was rotated about 90° for successive
tests without chenging its axiel position in the tube. The
average surface temperature meassurements recorded for the
different heater positions differed from each other by less
than 3°F. After 2 high temperature test of the heater
wvhen instzlled in the finned tube, it was often difficult
to remove the hester from the tube, apparently due to oxida=-
tion of the heater surfsce. The bulld-up of oxide on the
heater surface might have been sufficlent to effectively
"seal" the gap between the heater and tube surfaces, al=-
though this effect was not investigated beyond the cursory

steps taken above,
Instrumentation

The central 6 in. of the finned tube was considered
to be the test section of the tube and the central coll of
the heater was aligned accordingly.« Thermocouples were
affixed to the tube only on and near the test section, as
1llustrsted in Fig. 4. Thermocouples 1 through 8 were
attoched, consecutively, cbout 5/8 in. apart along the tube
axis and 900 apart around the tube circumference. ZEach
Thermocouple Junetion was attached, as neerly as possible,

midway between adjacent fins,



A1l thermocounles were made from iron-constantan /30
Be & S. gage wire manufactured by Leeds and Northrup
Company. The thermocouple junctions were made by electro-
welding under o1l so as to form unoxidized beads.

The circults of thermocouples 1 through 8 on the tube
surface were connected so that measurements of the averace
emnf could be made in parallel or the individual emfs could
be measured separately. Therefore, the junctions of these
thermocounles were electrically insulated from the tube.
Insulation of the jJunctions from one another wae achieved
by applying two coats of high=-temperature varnish to the
Junction beads and adjoining wire and then cementing the
beads into 1/32 in. diameter drilled holes on the surface
of the tube with plastic porcelasin cement. The cement
thickness on the thermocounle junction beads was on the
order of 0.01 in. The thermocouple leads were wravped at
lezst one complete turn around the tube base and were
brought away from the tube on the downstream side.

The circuit for thermocouple mezsurements 16 shown 1in
Flge 5. The circuit was made so that measurements of the
averege tube tempernture were accomplished normally with
the thermocounles in varellel. In order to compare the
average of measurements from single thermocouples, the
circuit could also be swltiched to o series circult. The
required common Junctlons for the parallel thermocouple

circuit were formed by the use of bottles of mercury. All

13
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positive leads were inserted in one bottle of mercury, sll
negative leads in 2another. Removal of 21l leads from the
nercury returned the circult to a serles circuit for measure-
mentes from the individual thermocouples. Once the leads
were removed from the mercury, however, care had to be

talzen to remove the high resistance oxide fllm that formed
on the portion of the ther iocouple leads that had been in
contact with the mercury before the leads were replaced in
the mercury.

In preliminery tests, the averasge of tube temperatures
neasured singly was, within the accurscy of measurement,
the same as the single measurement 1ln parsllel of the
average tube temperature. For the actual tests, only the
perallel clrcuit was used.

Thernocouples vere also Iinstalled in the air stream at
the entrance section of the duect and in the 2ir stream at
damper valve secctlon for determining temnperatures before and
after the test section, respectively.

A Leeds and Northrup potentiometer, model no. 8662, a
calibrated standard mercury thermomneter, snd an ice bath
were used for all thermocouple messurenents.

Varisble power transformers of C to 140 volt renge
were used to control the power supplled to the test end
guard heaters. The electriczl power to the tect heater was
neasured with a portable incduction test watt-hour meter,
type J=3, manufactured by the Sangamo Electric Conpeny.

Power circults for the heater are shown in Fig. 5.



CHAPTER V
TEST PROCEDURE

With the desired flow rate of alr estahlished, as indi-
cated by the orifice mnnoneter, the voltages of the guard
heaters were adjusted untll differentlal thermocouple pairs,
9 end 10 (Fig. 4) indicated a temperature difference of
19F between the guard nnd the test sections of the tube.
Falanecing, of the puard heaters required about 12 tno 15 min-
utes. When the above condltion wos satisfied eand when spot
checks on tube temperatures indicated a reasonsbly stecdy
condition, the test was begun.

Temperature and mononeter readings were recorded every
5 mimites. The count on the watt<hour meter was recorded
at the beginning and end of each test, wvhlch was of 15
minutes duration, o2s timed with a2 stop watch,

The borometric pressure was constant at 29,15 in. Hg.
and the ice bath tempersture was constant at 32.0°F for
all tests,

The time required to sttalr stendiness In the gir
flow and in temperatures between succeasive test runs was
about 15 to 20 minutes, depending primerily on the speed
with which the guard heaters could be hrnlanced.

Teet rune 2t thirteen different tube Eeynolds nunmbers

1€



were conducted, the Reynolds numbers ranging from 1980 to
11,600.

Test measurocments are shown in TABLE I.

17



TABLE I

TEST MEASUREMENTS FROY HEAT TRANSFER
STUDIES OF A SINCLE FINRED TUBE

Test Time w=h AP APy Tg ﬂ'i'ru Ta
10, meter
min. rev, in.Hy0 in. HaC my v av
1 0 0.00 0.30 0.00 833 158 1.87
5 0.30 0.00 8,41 | 1,86 | 1.88
10 0.30 0.00 857 | 156 | 1.86
15 98.12 030 0.00 Bodtt | 1.56 | 1.85
2 0 0,00 C.70 0405 683 | 1.56 | 1.83
0.70 ~0.05 £4T 1.56 1.84
10 0.70 -0.05 6,40 | 1.67 | 1.82
15 96.83 070 =005 6.51 1.57 1.83
3 0 000 1.10 -0410 .61 | 1.55 | 1.75
- 1.10 -0, 10 5.61 | 1.57 | 1.20
10 1.10 ~0.10 5«70 | 1.58 | 1.78
15 97 .60 1.10 0,10 5.72 | 1.57 | 1.78
4 0 0.00 1.62 -, 15 Se14 | 1,856 | 1.62
& 1,62 -3, 15 .12 | 1,40 | 1.57
10 1.62 -0.15 Sa13 | 1.49 | 1.57
15 983.2% 1.62 U G 1T 1.4% 1.64
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TATLE T {Continued)

Test | Time | w-h AT, AT, k2 38 Ty
HOe neter

min. rev, in. HaO | 1n. HpO nv nv mv

5 0 213 - 15 4,68 1.27 1.45
& 213 =C .15 L,72 1.28 143

1C 2.13 -0, 15 L,E6T 1.28 1.48

1 98.38 213 015 LoAT | 1.28 | 1.45

6 0 0,00 2.87 0,25 4,38 1.28 1.42
g 2.87 =) 425 4,40 1.30 1.44

10 2.87 0,25 4.42 | 1.30 | 1.44

15 97.88 207 0,25 4,50 | 1.3 1.46

7 G 000 X652 -0 35 4,24 1.52 1.20
5 Ze52 ~0 435 4,25 132 1.42

10 352 -0.35 4.27 | 1.32 | 1,40

15 98,00 D52 «0 435 4,283 1.33 1.43

a8 0 0400 4,35 =0 .40 4,00 136 1.43
5 4,35 =0 40 4,10 | 134 | 1,44

10 4435 «0 .40 4,11 135 | 1.43

1e 98,32 4,35 «0 .40 4,12 1.36 1.46

G 0 0.C0 EeJ0 =} ¢ 50 %15 1.51 1.56

5 Ce20 «0 o E0 4,14 152 | 1.59

12 5e30 w(} ¢ 50 4,18 1.49 1.57

15 06,29 5e20 ~0.50 4,15 | 1.52 | 1.58




TADLY I (Centinued)
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Test [Time [ w-n ATp AT, s % | Iax
NO . meter
nine. rev, in. HaO in. H?O nv BnY "y
10 o] 00.00 € o545 ~0 .60 3.98 | 1,82 | 1.60
5 6 AE -0 o 50 3692 153 1.60
10 €45 ~0 450 291 | 1.51 | 1.58
15 98,70 £ 45 -0 .0 3.92 | 1.5 1.59
11 0 0.00 T 45 -0.75 3.80 | 1.49 | 1.52
g 745 ~0.75 3.90 | 1.50 | 1.55
10 T 45 -0 eTH 3«79 1.50 1.58
15 95.32 7ol «0.75 3615 1.51 1.55
12 0 0.00 3665 =086 363 1.49 1.54
3 2.05 =D,08 D56 149 1.54
10 8.05 0,085 253 | 1.50 1.53
15 05,20 865 0635 3632 1.20 1.52
13 0 10.20 -1.00 3.54 | 1.50 | 1.52
5 10.20 -1.00 354 | 1,50 | 1.55
10 10.20 -1.00 3.53 | 1.50 | 1.55
15 05,38 10.20 -1.00 353 1.50 1.56




CHAPTER VI
SAMPLE CALCULATIONS

The following sample calculations are from the data

for Test 1, Table I.
Temperatures

The emf-temperature iron constantan thermocouple
tables 1n the National Bureau of Standards Circular 561 (12)
were used to obtain all temperatures from emf reasdinrs or

averages of emf readings, where appropriate.
Air Properties

A1l properties of alr were obtained from Table II-2,

Elements of Heat Transfer (13). At an average air tempera-
ture of 92.5°F,

k = 0.0153 B/hr ft F
Y = 0.633 £t2/hr
M = 0,0455 1by/hr ft
Npp = 0.712

and at the surface temperature of the tube, 316°F,

M,= 0.586 1by/hr ft.

21
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Velocity

The volumetric flow of alr through the orifice wes
determined by the method outlined in The Orifice lMeter (14).
The following terminology 1s defined on page 36.
ap = 'V, x Py
Pe = 14,29 psisa

h,,

t _
c' = Fb x Fr X Y, b4 pr x Ftb ¥ th b Fé > 4 va

C' = 3711.4 x 1.0175 x 0.9998 x 1.,0008 x 1.0481 x 0.9680 x

Qu = C'V/hy, x Pp = 38451/0.30 x 14.29 = 7970 cfh
Test section area, A = 5 x 14/144 = 0,486 sq ft

0.30 in. Hy0

V = Q,/60 x A = 7960/60 x 0,486 = 273 fpnm

Heat Transfer through Test Section

a = (Heter constant, w=h/rev) (rev., of meter) (3,413 B/w=h)

time of test, hr,

q = (0.6) (385%2) (3.413) - 804 B/hr

Finned Tube Areoss

Fin area, Ap = Tr/#(DfQ - D52) x2xnzxL

Ap = T/4(1,75% - 0,79%) x 2 x B X6 = 1,31 sq Tt
144

Tube area,Ag = TTDSL.- nL 1Dt

T (0.75) (6) = fgi(ﬁ)“ (0.75)(0.014)  oo75 oq £t

A




&3

Fin edge area, A, =TTDgtln

Total finned tube area, Ay = Ap + Ag 4 A,
Ay, = 1.31 4 0.0875 4 0,0257 = 1.423 sq ft

Fin Efficiency and Heat Transfer Coefficient

Fig. 5 of Reference 3, for a fin diameter to tube dia-
meter ratio of 2.34 is shown in Fig. 6.

1.0

0.\

0.6 \

0.4 <

e
e

042 =
'\
w EEP
0 t
0 1.0 2!0 3.0 4.0 5.0

Fig. 6. Gardner's Solution for Fin Efficlency for a Fin to
Tube Diameter Ratlo of 2.34
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The trisl-and-error solution for fin efficiency, P,

and the heat transfer coefficient, h

o* 18 obtalned by assum=-

ing a value for efflciency, calculating h, from

o = Og (A%E + Ag)

and then cslculating the parameter W\/Qho to obtalin 2 new
kt
value for the fin efficiency from Fig. 6.

Assume £ = 0.90
= -] - ) o |
o S S A B Ry T TETL33 % 0.00 5 0.0575) T 277 T

ho _ o 1 2. X 2,73 x 12 _ o.266
Parameter “VEE‘ .5/12 R TE +25

From Fig. 6, £ = 0,97

- 4 = 2
ho = T TITE X 00T T OO = 254 B 2 ¥

| g _ o 1\/2/2154x12=o.248
Parameter w = e 5/12 124 x 0.014

From Fig. 6, § = 0.97, unchanged.
Equivalent Tube Diameter

The equivalent tube diameter 1s defined as the dia=-
meter of & plain tube having the same inside dlameter and

weight as that of the finned tube.
welght of plain tube of Dg = welght of finned tube of D¢

L le'/l}(Deg - DY) = nLt xTT/4(Dg° - Dg?) +TT/4L(Dg? = D4°)



Nusselt number, N,, = 7%
Reynolds number, Npo =

Viscosity correction, (f%i)

25

Do = \/Bt(Dg? - Dg?) + D2

D, = \KB](O.014J(1.752 - 0.752) + 0.752 /12 = 0,0765 ft

Dimensionless Croups for Equation (9)

2o De - (2.54)(0.0765) _ 15,7
0.0153

_ V De _ (273 x 60)(0,0765) _
SV A 0.533 = 1are

0,14 - (0.04 )—0.1& = 1 086

(M) (N5)702375 (17014 = (12,7)(1.136) (1.036) = 14.9

The calculated results for Tests 1 through 13 are

shown in TABLE II,



TABLT II

CALCULATED RESULTS FRCM HEAT TRANSFER STUDIES
C¥ A SINGLE FINNED TURE

et [T T Teal v T oo o] b | ine | gy | BT [(hew) O™ S50
. : v r| £ : : . n |
1 92.5 | 316 |229 | 273 2,54 O7| 1980 | 12,7 | 1.036 14,9
2 91,5 | 251 |164 | 415 3460 24 | 3020 | 18,0 | 1,027 21,0
3 90.5 | 225 |138 | 520 4,30 03| 3780 | 21.5] 1,023 25.0
4 8640 | 203 [124 | 633 4,88 93| 4680 | 24,6 | 1.021 28.5
5 20,0 | 152 |115] 718 5429 93| 5320 | 26.8| 1.020 31,0
6 0.5 | 183 105 | 833 5.71 92| 6270 | 28,0 ] 1.019 33.4
7 80,5 |178 | 92| 923 G.03 92| 6950 | 30.6 | 1,018 353
3 81,5 | 173 | 93 |10%0 653 01| 7880 | 33,1 | 1,017 38,2
9 86,0 |174 | 39 1138 6.75 W01 | 8420 | 34,0 | 1,016 39.2
10 7.0 | 167 | 81 1253 Te35 o900 | 8250 | 37.0| 1.015 42,6
11 86,0 | 163 | 78 1342 7.65 00| 9950 | 38.5| 1.014 by 3
12 85,5 | 156 | 71 [1845 8,43 89 [10700 | 42.4 | 1.013 48,7
13 A5.5 | 154 | 69 l1s6s B.69 L9 111600 | 43,71 1,012 50,2

9g



CHAPTER VII

RESULTS AND COMPARISONS WITH OTHER INVESTIGATORS

The results were expressed and compared with results of

other investigators by use of the equation

(_h_;%?g)= G(.‘%j.?.) .65 (%&).375(§j-; 14 (9)

wvhich was suggested by Williams and Katz (8). In equation

(9) Deg 1s the equivalent diameter of the finned tube defined

ag the dlameter of a plain tube having the same inside dia-

meter snd the same weight of metal as the finned tube. V is

the face velocity at the tube. All properties of the shell

side fluild, alr, are tzken at the mean temperature of the air,

before and after the tube, with the exception ot}Jw, teken

at the surface temperature of the tube. The coefficient

h, 18 the same as that coefflelient defined by eguation (8).
The calculated data from thls experiment zre shown in

Table II. The coordinates for the plotted data were the

- - 14
, hoDe) /Cp U '375}1 * rd d th
quantity ( = )( 2 ) (:Ix:) as ordinate and the
Reynolds number, 332 » a8 abscissa, as shown in Fig. 7. The

stralght line which appears to best fit the plotted data hes
a slope of 0.65, which corresponds to the exponent of the
Reynolds number in equation (9). The value of the coeffici-

ent C in equation (9) was determined from this straight line

27
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to be 0,115, The straight 1ine fits the test results to
within about 5 per cent, in the worst cases.

The results in Fig. 7 are also plotted in Fig. 8 with
the results of ¥Williams and Xatz =nd of MeCright (9).

Some deteils concerning these tests are summarized in TABLE

I11.
TABLE III
FINNED TUBL MATERIALS
Investi- Curve Value of Tube(s) Tube Est. Fin
gator no.on C in material efficlency
Fig.7 __eaqn (7) 4

Willienms, (a) 0.143 0 tubes admiralty 85
Katz C.735 OD
Williams, (b) 0©0.115 114 tubes copper 95
Katz 0.486 OD
Williams, {c) 0.182 40 tubes admiralty 85
Katz 0.620 0D
YeCright (a) o0.187 one tube cupro- 65

0,625 OD nickel
Burley (e) 0.115 one tube aluminun 90

0.750 OD

Williams and ¥Xatz correlasted measurements on bundles

of plain and finned tubes.

The coefflclent hy in thelr

investigations was determined from the outside thermal

reslstance found by the Wilson plot procedure.

The measurements of MeCright were determined from a

single finned tube with the use of an unguarded electric

heater and with measurements of the tube surface temperature.
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MeCright's original dsota have been put in the form of equa=
tion (9) by the present author.

Referring to Fig. 8, the author's data fit curve (b)
for the copper tube bundle of Williems and Katz with the
same value of C, 0.115, as a coefficient in equation (9).
Also MeCright's date compare favorably with curve (e¢) for
the admiralty metal tube bundle of Willlams and Katz.

One might suspect a correlatlion in the above cases on the
basis of the fin efficlencies, which are near each other.
However, curves (a) and (e) by Williame and Katz are each
for admiralty tubes of about the same efficlency, but of
glightly different tube bundle arrangements, and the curves

differ from one another by about 30 per cent,.
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CHAPTER VIII
DISCUSSION

The results for the single finned tube studied esteb-
lished that the heat transfer coefficient 1s proportional
to the velocity to the 0,65 power, which 18 in agreement
wlth the results of other investigators cited. An sgree-
ment in the magnitude of the coefficients was not estab-
lised.

Fundamentally, there appesr to be two reasons why
results of finned tube Ilnvestigations heve not been corre=-
lated entirely successfully. First, a mathematically=
derived fin efficlency expression based on highly simplify-
ing essumptions, such £s a uniform surface coefficient and
surrounding temperature, is never entirely correct because
the assumptions are not satisfied in practice. The degree
of applicability of such an expression 1g always uncertain
in & particular application. GSecondly, simplified fin
efficlency expressions do not lend themselves well to exper-
imental applicatlons because the temperature terms resulting
in the efficliency expressions are not those temperatures
which are readily obtainable experimentally.

Since, for some finned tube geometries, 1t would be

desireble to instrument the tube on the base surface

31
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between the flns, the following concept of fin efficlency
suggests ltself. If, in developing the relationship for
the heat transfer, discussed in CHAPTER II, the tube base
and fin root temperatures had not been assumed to be equal,

then the expression for the fin effieciency, equation (4),

would remailn

=&
£ =5

If thls were combined with equation (3)
q =hp Ap @p + hy Ay O

then the heat transfer coefficlient could be defined as

h, = -l
S (8 g0 Ar + 4g)

The quantity 6,/6g times ¢ suggests that such a modified
"efficlency" term might be useful to simplify the experi=-
mental determination of heat transfer coefficlents on fin-
ned tubes. Such a solution for efficliency would necessitate
o three~dimensional anelysis for the heat conduction of the
fin and tube system together.

For the tests in thie investigation, the accuracy of
the measured deta depends on the accuracy of determining
the heat trensfer through the test section, and on the
accuracy of the temperature measurements of the tube sur-
face, That the power loss from the main heater coll was
indeed the radial heat flux through the test section of the

tube was essumed primarlly because this heater coll wes
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aligned with the test section. The temperature difference
nmeasured by the differentlal thermocouples at the ends of
the test cectlion on the tube was held, by controlling the
guardheaters, to 1°F or less during the experiments, but
this temperature difference 1s of the same order of magni=-
tude as the estimated temperature drop radially through the
base of the finned tube.

The accuracy of the temperature measurements was
believed to be on the order of about 1 per cent. However,
the temperatures which were measured were assumed to be the
same a8 temperatures at the fin base, which is not true.

The fins were spuced at 8 fins per inch which corresponds

to a distence of 0.125 in. between successive fins, Thermo=-
couples were Installed approximately midway between fins, or
0.0625 in. from the fin base. For the aluminum tube of

hizh thermal conductivity used in this investigatlion the
difference in temperatures at the station measured and at
the fin base was probebly quite small. For poorer conduct-
ing tubes, of wider f{in spacing, this temperature difference
might be conslderable.

The tube surface thermocouple lead wires, which were
wound once or more around the tube and trailed in the zir
gtream, interfered to some unknown extent with the normal
flow around the tube.

The correction in Gardner's efficiency term due to

neglecting the fin edge ares was investipgated. The
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correction was on the order of one to two per cent, but the
correction was not made (11)., The correction to the fin
area of the tube due to the fins being helically wound was

not made, since this correction 1ls less than one tenth of

one per cent (9).



CHAPTER IX
SUMMARY

A heat transfer coefficlent for a finned tube was de-
fined in terms of the radlal heat flux through a test
section of the tube, the average temperature of the base
surface, snd the effective arsza of the tube which depended
on the fin efficiency. An electric heater was manufactured
and, in use, was aligned inside the finned tube so that
guard heating elements would reduce or eliminate the heat
fluxes away from the test sectlion of the tube.

A serles of thirteen tesis was conducted with the
heated tube in an induced flow of alr, with the tube Rey-
nolds numbers ranging from 1580 to 11,600. Results compared
setisfactorily to thoee of other investigators with the re-
lationship

Ny = 04115 Npge65 N,1#375 (“’—,uuw)'m

Additional studles of the constructlon and use of a
guard-heater should be performed, especlally regarding the
effects of the lack of uniform contact between the heater
end tube surfacea. A refinement of the surface temperature
necsurements, in which thermocouple lesd wires interfere
with the flow around the tube, should be considered. A

definition of the heat transfer coefficient in terme of

35



a modifled notion of the fin efficlency is suggested, so
that the measured tube base temperature could be employed
correctly in this definition.

Advantages of the test equipment are simplicity and
low cost, and ease and speed of use in testing. The
results of this investigation, whlle Iinconclusive because
of the limnited number of tests, appear to be good. The
principal disadvantoge is the requirement for Instrumente=-
tion for surface temperature measurements on individual

tubes.
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