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A.BSTRACT

steady state turbulent flow heat transfer performance
of circular tube having integral internal fins was exper-
imentally studied. An experimental set-up was designed to
study the heat transfer performance in the entr8nc~ region
as well as in fully developed region.

The test section is 1520 mm long, 70 mm inside diameter,
fin height is 15 mm and the ratio of fin height to radius is
0.429. Six numbers of fins were made integral with circular
tube to avoid the contact resistance. The fin and tube assembly
was cast from aluminum, as aluminum has high thermalconducti-
vity and easy machinability.

Air was used as the working fluid in heating mode and
Reynolds number based on hydraulic diameter was in the range
of 104 to 105• Heat was supplied from an electric heating
syst.em and the heating mode was kept constant per unit axial
length of the tube.

Heat transfer data were presented both on the basis of
nominal area of an unfinned tube and of the effective area
of the finned tube. Nusselt number of finned tube was com-
pared. with that of theoretically obtained values for unfin-
ned tube (smooth tube) for both constant Reynolds number
and constant pumping power.

Results exhibit high pressure gradients and high heat
transfer coefficients in the entrance region,approaching,
the fully developed values away from the entrance section •

•

..~



Heat transfer results, based on inside diameter
and nominal area for finned tube exceeded unfinned tube
values by 97% to 112% for Reynolds number range from
2.66 x 104 to 7.86 x 104• When compared with a unfinned
tube (smooth tube) at constant pumping power, an impro-
vement as high as 52% was obtained in heat capacity.
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NOMENCLATURE

Open core free flow area at fin I. D.
" '
,Effective heat t'rllnsferarea.

Flow cross sectional area of finned tube.

Cross sectional area Gf"tUbehaving;no fins.~

A~

~.

-\.

A Nominal ( heat transfer ) area.

"Di .'!; Inside diameter.

D:b. H;ydraulicdiameter.

N :NUmber of fins.

H Height of the fin.

W Width,of the fin.

Re .Reynolds number.

Nn Nusselt number.

h
O

Heat transfer co-efficient of smooth tube.

h Heat transfer co-efficient of finned tube.

T Temperature.

M .Mass flow rate.
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Q Total heat input to the air.

Q' Heat input to the air per unit axial length.

Co-efficient of viscosity of air.

y .Kinematic viscosity. fLip !lei ,i
J "

k Thermal conductivity of air.

F Friction factor.

Lt Thermal entrance length.

Subscripts.

i Based on inside diameter.

h Based on hydraulic diameter.

o Smooth tube i.e. unfinned tube.



f .Finned tube.

1f Wall temperature.

b Bulk temperature •

.:z: .Axial distance.

p ,Constant pumping power.



o HA PTE R - I
INTRODUOTION

Heat Exchangers have numerous applications in power plants,
industries,automobiles and electrical and electronic equipments
etc. Efficient design of heat exchanger equipments can improve
system performance considerably. For the purpose of heat trans-
fer augmentation, the use of internal fins in tubes and annuli
have become one of the important research areas in recent years
in many countries like United states of America,Cansda,United
Kingdom,Australia and West Germany etc.

The augmentation of heat transfer performance of circular
tubes and annuli by longitudinal internal fins in laminar and
turbulent flow has been inyestigated in several recent exper-
iments (1-9). When compared with smooth tube (unfinned tube),
the finned tubes exhibited substantially higher heat transfer
coefficients.

Several investigations (10,11) were under taken recently to
analyze laminar and turbulent flow heat transfer in circular
tubes with longitudinal internal fins. The analysis is based on
the differential equations for momentum and energy cons.ervation
in the flowing fluid. The solutions were obtained by numerically
integratin~ the p.artial differential equations. Experimental
studies have also been carried out for augmentation of heat tra-
nsfer performance of circular tubes having internal fins. Most
of the research investigations of turbulent forced convection
were made with fins in tubes and annulus for fully developed
region.

'.



2

OBJECTIVE

Considering the application of finned surfaces in a
variety of practical' heat exchanger devices, a research
scheme has been undertaken to study the beat transfer
performance in the developing region of turbulent flow
of air in a circular tube having internal longitudinal
fins. The heat transfer performance in entrance region
as well as in fully developed region have been studied
and compared with that of a smooth tube.

The specific .objectives of the present work are enumer-ated below:

(1) To study the effect of internal longitudinal
fins in a circular tube on heat transfer charact-
eristics in the entrance region as well as.in
fully developed region.

(2) To study the effect of longitudinal internal
fins in a circular tubes on friction factor
and pressure drop in the entrance region as
well as in fully developed region.



C HAP T E R - II
LITERATURE SURVEY

"

With the passage of time, fins are being utilized more
and more for augmentation of heat transfer. Many research
investigations have been carried out to improve heat transfer
performance by employing internal fins in tubes. Researchers
have been trying to enhance heat transfer in tubes and annuli
by (a) making internal surface of the tube rough (b) inserting
spiral wire (c) inaerting twisted tape and (d) making internal
fins in tubes and annuli. Use of internal longitudinal fins in .~
tubes and annuli has got more importance in, the research work
to enhance heat transfer performance. Many research investigations
have been carried out both analytically and experimentally on
this topic.

2.1 ExPerimental study.

The work on heat transfer and pressure loss in finned tubes
began since 1964. Hilding, Coogan and Bargles,' et alare pioneers
of experimental investigations for this type of augmented surface.
Hilding and Coogan (5) presented air data for a variety of tubes
with internal fins. Bargles and Mortaa (6) reworked the data of
Hilding and Coogan (5) into the constant pumping power, R3 comp-
arison.

Bergles et al carried out several investigations and research
work (1,4,6) and he made remarkable contribution in this field.

During 1973-75 Watkinson did'several research work with
finned tube. Watkinson,Milette and Trassof carried out research
work (2) for turbulent flow of water in finned tube in heating
mode. In 1975,Watkinson (3) reported on turbulent air flow in '
the heating mode for tubes 9 and 14 (Table 2.1 in Appendix - A)
as well as the other tubes of (2). Watkinson (7) also conducted
experiment in laminar oil flow and presented data for eighteen

,.
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12.7 to 32 mm diameter tubes containing from 6 to 50 straight
or spiral fins over the Prandtl number range of 180 to 250 and
the Reynolds number range of 50 to 3000, based on inside tube
diameter and nominal area. At a Reynolds number of 500, heat
transfer was enhanced OVer smooth tubes values by 8 to 224%
depending on tube geometry. Watkinson used the modified equa-
tion of Bergles (1) to calculate the equivalent Reynolds number
for the constant pumping power case. At constant pumping power
and the same Reynolds number, the increase in heat transfer ranged
from 1 to 187",.6.

During 1976-77,Carnavos (8,9) experimentally determ~ned the
heat transfer performance for cooling air in turbulent flow in
tubes having integral internal spiral and straight longitudinal
fins. He used "Forged Fin" tubes that have integral internal
fins manufactured by the Forge-Fin Division of l~oranda Metal
Industries,Inc. Previous works (1,2,3,7) tested with several
fluids in tubes having 6 to 18 integral internal fins, all made
by same process with varying fin height, fin helix angles and
tube diameters. Carnavos (9) conducted experiments with 21 tubes
having integral internal spiral and longitudinal fins. He found
that these tubes were potentially cabable of increasing the capa-
city of an existing heat exchanger, at constant pumping power,
by 12% to 66% by direct substitution of an inner fin tube for
a smooth tube •.Table (2.1) in APpendix - A presents theconfi-
gurational details of tube nos. 9,14 of Watkinson (3) and 16,24
of Carnavos (9).

Carnavos presented heat transfer and pressure loss results
for all the fin tubes on hydraulic diameter and average bulk
physical property basis. All the heat transfer data were corre-
lated by Eq (2.1) to within Z 6% as follows:

Nu- .. 0.023 ( Reh ) 0.8 (I~ )0.5 (Sec IX )3

(2.1)
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Pressure data were correlated byEq (2.2) for Fanning
friction factor to.with in 7% as follows:

• (2.2)

Where 0< • Spiral fin tube helix angle.

Bergles et al (4) outlined several practical criteria for
.evaluation of the performance of augm,ented tubes, .relative to
smooth tube; performance ratios R3 and R5 have been developed
for criteria. 3 and criteria 5. Criterion R3 aim.s at improving
the heat duty for the case of constant pumping power and for
constant basic geome1;ry of the tube (i.e. same .diameter and
length of the tube), whereas criterion R5 aims at reducing
the heat exchanger size while maintaining the same pumping
power and same heat duty. Bergles (4), Watkinson (3) Carnavos
(9) and others used criteria 3 and 5 to evaluate the over all
tube performance. Table (2.2) in Appendix - A shows the values
of R3 grouped by tube type.

2.2 ANALYTICAL STUDY.

In 1979,Patankar,Ivanovic and Sparrow (10) studied turbulent
flow heat transfer in internally finned tubes and annuli. Their
research was undertaken to analyze the turbulent flow and heat
transfer characteristics of circular tubes and annuli with longi-
tudinal internal fins. They established analytical model to obtain
both average and local heat transfer results, as well as friction
factors. The local results are of special interest because they
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convey information that would be extremly difficult to obtain
exp erimentally. This includes in particular the distribution of
the heat loss along the height of the fin and the distribution
of the tube wall heat loss around the circumference. Since the
velocity varies along the fin height (.e. in the radial direc-
tion), the local fin heat loss would be expected to reflect this
variation. In particular, if the highest velocity was to occur
in the neighbourhood of the tip of the fin, the heat loss might
be largest in that neighborhood.

They found that the heat transfer coefficient increases
monotonically along the fin height and the extent of variation
is substantial. In the neighborhood of the fin tip ,the local
coefficient are large (but £inite) and in the range of 2 to 2.5
times the average,while near the base they are virtually zero.
These results stand in sharp contrast to the standard model used
in fin analysis where the heat transfer coefficient is assumed
to be uniform. The tube wall heat transfer coefficient is virtu-
allY zero at the corner and.increases monotonically along the
circumference of the tube attaining maximum at the inter fin mid-
point. Analytical predictions for the average Nusselt number and
the friction factor were not generated by them)because emprical
correlations suggested by Carnavos (9) w,ere available.

Prakash and Ye-Di Liu (11) worked on Laminar flow heat
transfer in the entrance region of an internally finned circular
duct. They analyzed steady ,laminer forced convection flow and heat
transfer in the' entrance region of finned tube by numerically
integrating the governing partial differential equations.Results,
exhibit the expected large pressure gradients and heat transfer
co efficients in the entrance region, approaching, asymptotically ,
the fully developed values away from the entrance region.



C B APT E R - III
BEAT TRANSFER PARAMETERS

In this chapter the basic definition of heat transfer
parameters and thermal boundary conditions in connection with
the present study have been introduc ed.

? 1 Thermal Boundary Conditions.

In the study of heat transfer performance in tubes two
types of thermal boundary conditions may be considered

(1) Uniform heat input per unit axial length with
uniform temperature at any eross section.

(2) Uniform temperature both axially and peripherlly.,

In the present study, we considered uniform heat input
per unit axial length.

?2 Definition of Parameters.

Hydraulic Diameter :'

For internal flows the hydraulic diameter Dh is often
used as the characteristic length. It is defined as,

I .

Dh
4 ( Cross sectional area of the flow )• wetted perimeter

If D.2J.•
11 Di + 2NH

0.1)

( Assuming thin fin )

•',' ,---
.,1 \
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In the present stUdy, fins can not be assumed ,thin and
hydraulic diameterDh can be obtained as follows

=

.WhereA:icf

.4 Axf

lID. + 2NHJ. ..

rrD?
J.

= . ( 4 -NWH)

as

Reynolds Number :

Reynolds number based on inside diameter is defined

Re.
J.

. (3.3)

Reynolds number based on hydraulic diameter is defined as

(3.4)

Pressure Drop and Fanning Friction Factor:

.The dimensionless pressure drop at any axial location x,
is given by the equation •.

•P(x) = - Li P (x) / }2 f v2 ". (3.5)'

Where'LiP = •
Pi = . pressure at inlet

P(x) = pressure at. some axial location, x
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The local friction factor based on hydraulic diameter
is defined as

••

The local friction factor based on inside diameter is
defined as

F.
J.
D-------- (3.7)

,

Heat Transfer: Uniform Heat input per unit axial length:

The local bulk temperature Tb(x) of the fluid can be
defined by a heat balance as

••T.
J.

The local heat transfer coefficient at any axial location x
( for both tube and fin ) can be defined as

,
QC3

••

Where ~3" (1T Di + 2NH ) G

(3.9)
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The local Nusselt number can be defined as

~ Dh
N~, =
U k

I
Q. I (TfDi + 2NH ) Dh

=
(Tw - Tb )x k

3.3 Thermal Entrance Length:

The thermal entrance length, Lt is defined as the length
required for the local Nusselt Number to equal (j:~.9r.)times
its fully developed value •.The results at the entrance region
can be conveyed via the temperature ratio,

( Tw - Tb )F.D
( Tw - Tb )x

The denominator is the wall to bulk temperature difference
at any axial distance XI while numerator is the axially uncha-
nging wall to bulk temperature difference in the fully developed
regime. Representative axial distributions of the temperature
ratio may be plotted as a function of the dimensionless axial,
cordinates (Xl L ). The entrance length ~ may be defined as
the length required for

(TW-T.b) F.D
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3.4' Heat Transfer in fully developed Region:

In uniform heat .input per unit axial length condition,
the wall temperature and the fluid bulk temperature increases
with axial distance of the test section upto certain length.
There will be" a portion of the test section where the wall
and fluid bulk temperature are paralleW, yielding a uniform
value. of (Tw -Tb) in the fully developed regime.

The fully developed heat transfer coefficient h can be
defined as

I
Q

h "'--------
~ (Tw - Tb)F.D

Where ~ '" (If Di + 2NH )

(3.12)

.(3.14)

Nusselt number for thermally developed regime is given by

Nu '"

3.5 Heat Transfer coefficient. !>_a.sedon..;I:~J~~.Jli..am~:t_e;r:
and Nominal area:

The heat transfer data are presented both on the basis of
the nominal (heat transfer) area, A. of an unfinned tube and
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of effective (heat transfer) area..~ of finned tube •.The heat
transfer coefficient, hi based on inside diameter and. nominal
area is then related to the coefficient, h based on hydraulic
diameter and effective area by the following equation given
below :

Therefore,

••

Thus, when heat transfer coefficient for the tubes are
reported on a nominal area basis, the coefficient inclUdes
the effect of both the finned and unfinned tube. This is a
useful means of expressing heat transfer performance, as it
allows a direct measure of the results if a smooth tube is
replaced by a finned tube.

3.6 Criteria of Evaluating Heat Transfer Performance :

•There are minor geometric differences in tube configuration
among various experiments that affect specific performance. How-
ever, to minimize the influence of this and other variables on
a direct comparison, the basis chosen is the constant pumping
power criterion, R3 directly reported in many works and which
is really a most important parameter.



Criterion 3 :

CriterionR3 aims at the increase of heat transfer for
the case of constant pumpingpower aDd constant geometry of
the tube ( exchanger ). R3canbe evaluated as

••
hi! at Rei!

hop at Reo
(3.17)

Pumpingpower can be defined as.

Pm = . ( - APjp ) M (3.18) .

4. FiL. v2 A Vpx
•• (. ~ ) , . ~- (3.19)

Di 2

For equal (orconstant ) pumpingpower in smooth and
finned. tubes,

(3.20)

.... ..' j3"1, r'
. (3.21) I i

I

\ '

~I

. "
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, Reynolds number based on inside diameter for smooth tube
is

D., 1

••

Reynolds number based on inside diameter for ,finned tube '
.is

-_..
Re.!1

.. ----
T,he,refore,

Reo
••

Re'f1 '

From equation (3.21) and (3.2,2), weyan. write,

(}'.22)

A F Re3
xo io 0

,

/, The' re'lation
t,o eliminate the

of BlasiUs, valid for 3000 < Re (1~ is used
friction faetor F. 0' in the express,ion (,~.23)., ,1,

Blasius relation : '

F.
,10,

•• 0.079 -0.25
( Reo ). ' (3.24)

(~NA
f (

\j ,
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The expression (3.23) becomes,

~------

Therefore,

(3.25)

Theeqldvalent smooth tube Reynolds number can be evaluated. .
from the equation (3.25). For constant pumping power comparison
experiments will be carried out with fin tube at Reynolds num-
ber Reif and with smooth tube at Reynolds number !teciobtained,
from the equation (3.25). It is then possible to calcualte the
constant pumping power criteria, R3 form the equation, .

hi! at. Rei!
=-------at



C HAP T E R - IV.

EXPERIMENTAL SET UP AND PROCEDURE

An experimental set up was designed, fabricated and
installed to study the friction factor and heat transfer
performance of circular tube having internal longitudinal
fins. The. schematic diagram is shown in the. figures (4.1
and 4.2). Air was used as the working fluid encompassing flow
range of 104< Re < 10? The test section air was supplied by a
centrifugal fan fitted at the end .of the set up. It was driven
by a 3 phase,}hp( 440 V,4.1 A) motor. The maximum flow rate
of the fan under free operation was approximately 30 m3/min.
A flow control valve was installed after the te.st section to
control the air flow rate during the experiment. The set up
consisted of (1) Inlet and flow measuring section (2) Heat
transfer test section (3) Fan assembly.

4.1 Inlet Section:

The unheated inlet section (shaped Inlet) and heat transfer
test section of same diameter (70 mm inside diameter) were cast
from aluminum. The -open end of the pipe would probably act to
some extent as a sharp edged orifice, and the air flow would
contract and not fill the pipe completely for a short distance
from the end. This effect was avoided by fitting a shaped Inlet.
The pipe and the shaped inlet, 530 mm long,(Fig 4.3B) were made
integral to avoid any flow disturbances at upstream of the sec-
tion of -flow measurement. The co-ordinates of the curvature of
the shaped inlet was sUE;gested by Ower and Pankhurst (15) which
is reproduced in Table (4.1),APpendix - B. The shaped inlet was
fitted in the open end of the test section.

t
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4.2 Test Section :

The internal fins of test section,(1520 mm long and 70 mm
inside diameter) were made integral with circular tube to avoid
contact resistance. The fin and tube assembly was cast from
aluminum, because of its high thermal conductivity and easy
machinability. Two halves of circular tube with integral fins
were icast seperately and jo.ined together to give the shape
of a circular tube. Fig (4.3A) depicts the tube configuration
and dimensions. As the two halves were joined at the line of
symmetry, it did not effect thermal and hydraudynamic results
of the eXperiment. The test section was wrapped with mica-sheet
and insulation tape. Over the mica sheet Nichrome wire (of resi-
stance 0.610 ohm/m), was spirally wound uniformly with spacing
of 8 mm between the turns. The nichrome wire was covered with
mica sheet and insulation tape to make it electrically insulated
by covering with asbestos~ The test sections.were joined by bolted
flanges, between which asbestos sheet were installed. The asbestos
sheet between the flangeB provided thermal insulation for the
heat transfer section.

The test section electric heater was supplied power by 5 kVA
variable voltage transformer connected to 220 V a.c.power through
magnetic contactor and temperature controller. The temperature
controller was fitted to sense the air outlet temperature and give
signal to heater for switching it on or off automatically. It pro-
tects the experimental set up from excessive heating which may
happen at the time of experiment when the heating system is'in
operation continuously for hours to bring the system in.steady
state condition. It also controls the air outlet temperature.

The electrical power to the test section was determined
by measuring the current and voltage supplied to the heating
element. The voltage was measured with a voltmeter and current
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was measured by an a.c.ammeter. Fig (4.9) shows the electrical
circuit diagram of the heating system of the test section. The
particulars of electric heater,temperature controller and fan
are given in Table (4.2) in Appendix - B.

4. 3 Fan Assembly:

a .A diffuser of cone angle 12 was made of 1/16 inch M.B plate
and fitted to the suction side of the fan. The diffuser was used
for minimizing head loss at the suction side. To arrest vibration
of the fan a flexible duct was installed between the inlet section
of the fan and 3 inch diameter pip.e of the set up as shown in Fig
(4.2). A flow control valve was installed at the suction side
before flexible duct to control the air flow rate during experi-
ment. Flow control valve is of butterfly type.

4.4 Flow Measurement by Traversing Pitot

Flow of air through the experimental set up was measured at
inlet section with the help of Traversing Pitot. A shaped inlet
made of aluminum was installed at the inlet to the test section
to have an easy entry and symmetrical flow. At 4 pipe diameters,
according to Ower and Pankhurst (15) ,from inlet a trave.rsing
pitot was installed. A drawing of the Micro meter Traversing
Pitot is given in Fig (4.6). The velocity was determined by means
of a pitot tube in conjunction with a static pressure hole in
the wall of the pipe. The pitot was traversed,along the diameter,
in a plane about 1 pipe diameter down stream of the side hole so
as not to disturb the static pressure readings. The difference
between the static pressures at the two pipe sections one Pipe
diameter apart would not, as a rule ,be large enough in reasonably,smooth pipes.
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Mean velocity was measured by log linear method by traver-
sing pitot tube along the diameter of the pipe at ten measuring
points. Table (4.3) in Appendix - B shows location of measuring
points for the log linear method. The ten points log linear tra-
verse, which has been specified by the B.S.I. for class A accu-
racy resulted ina mean square error of about 0.5 per cent. Initial
calibration at the shaped inlet was done by traversing pitot tube
and mean velocity was measured by graphical integration (Fig 5.2.
1-5.2.4). The curve VIVc against log VcD/ is shown in Fig (5.3).
From Fig (5.3) mean velocity can be determined with a single mea-
surement of the velocity at the axis of the pipe. Mean velocity,
measurement by ten points log linear method, differs very less from
that measured by graphical integration. Table 5.1 shows per cen-
tage of deviation in log linear method over graphical integration
method.

4.5 Measurement of Static Pressure :

The static pressure tappings were made at the inlet and
outlet of the test section as well as equally spaced 7 axial
locations of the test section as shown in Fig (4.5). Pipe wall
pressure tappings (Fig 4.8) for measurement of static pressure
were made of brass and installed carefully such that they just
flush inside the surface of test section. The outside parts of
these were made tappered to ensure an air tight fitting into the
plastic tubes which were connected to the manometer. EPoxy glue
(Araldide) was used for proper fixing of the static pressure
tappings.
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4.6 Measurement of Tamperatures :

The temperatures were measured with the help of thermo-
couples at the following locations. :

(1) Fluid bulk temporature at inlet and outlet of the
test section.

(2) Wall temperature at 10 axial locations of the ,test
section.

(3) Fin-tip temperature at ten axial locations of the
test section •.

The bulk temperature of the air entering the test section
was measured using thermocouple situated in the air stream just
up stream of the test section inlet. The bulk temperature of the
air at the outlet of the test section was measured using three
thermocouples situated at three different radius at the outlet
of the test section.

20 thermocouples were installed in 10 cross sections (Fig
4.4) with two in each cross section to measure the wall as
well as fin-tip temperatures of the test section. The thermo-
couples were made from copper constantall'.vfi:'r~B;;~A:td::J;.'b:~.~},no-
couples were calibrated before installation. Thermal contact
betweeD; the aluminum tube and the thermocouple junction was
assured by peening thermocouples junction into Grooves in the
wall. 1/16 inch holes w.ere drilled across the height of the
fin in 10 cross sections to measure the temperature of the fin-
tip. Thermocouples were inserted through the holes and peened
into the grooves of the fin-tip.
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Temperatures were measured by amultipoints system of
thermocouples connected through ice bath and selector switches
tomicrovoltmeter.

4.7 Procedure of EXperiment :

Fan was first switched on and allowed to run for a few
minutes so that the transient characteristic died out. The
flow of air was varied and kept constant with the help of .
flow control valve. Then electrical heating circuit was swit-
ched on.

Inclined tube manometer was chosen on the score of simpl-
icity for indicating velocity head. Water was selected as the
manometric liquid. All the pressure tappings for measuring
static pressure were connected to the U-tube manometers. The
readings of velocity head were taken by traversing pitottube
along the diameter of the pipe. Then the readings of static
pressure were taken.

The electrical current was adjusted with the heln; of.Regu-
lating Transformer ( or Variac ) to attain steady state condi..;.
tion for a particular ReynoldS number.

steady state was defined according to D. L. Gee and R. L.
Webb (16) by two measurements. First the variation in wall
thermocouples was observed until constant values were attained;
then the outlet air temperature was monitored. Steady state was
established if the outlet air temperature did not deviate over
a 10-15 minutes period • .All the thermocouples readings were taken
at s~eady state condition.
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After one run of experiment ata particular Reynolds
number, the Reynolds' number was changed with the help of
flow control valve keeping electrical power, input const-'
ant. All, the thermocouple readings and static pressure
readings were taken at every .tappings alqng the axial,
direction for each run of the experiment. The readings
of orifice meter and temperature at orifice were also
, taken for each run of the experiment •

•
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CHAPTER-V

RESULTS AND DISCUSSIONS

This chapter presents the results obtained form experi-
mental data along with discussions on results. Friction fac~
tor and heat transfer results have been shown in the entrance
region as well as in the fully developed region. Heat trans-
fer performance expressed in terms of the Nusselt number has
been comp~~a at both.constant Reynolds number and at constant
pumping power.

•The dimensionle.ss~J pressure drop. P along. the length of
the finned tube has been .shown in Fig (5.4-). The.pressure
gradient is high at.the entrance region, then pressure reco-
versand finally approaches the fully developed values away
from the entrance section. Friction factor was calculated from
the pressure drop measured from 260 mIn down stream of the in-
let plane. Fig (5.5) shows the friction factor based on inside
diameter and Fig (5.6) based on hydraulic diameter. Friction
factor for finned tube is higher than that of unfinned tube,
but slope of the friction factor of finned tube is very nearly
equal to that of unfinned tube(smooth tube). Friction factor
based on hydraulic diameter of finned tube increases over that
of smooth tube by 48.15% to 100% for ReynoldS number range from
1.56x104- to 4-.4-2x104-,shown in Table (5.2). Friction facto~
based on inside diameter of finned tube increases by 22~~ to
351.6% over that of smooth tube for ReynoldS number range 2.66
x104- to 7.86x10li-,shown in Table (5.3) in Appendix - C.

Pressure drop aP was measured for axial distance AX at
different axial location x, and from the above measurement
friction factor was calculated to see the distribution of fri-
ction factor along the length of the finned tube shown in Fig.
(5.7). Fig (5.7) shows ~hat the friction factor is higher near
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the entrance due to large pressure drop, then falls abruptly
to the minimum value,after then rises a little before gradual
falling off to fully developed value. The friction factor curve
shows peculiar trend due to the effect of internal fins which
need further investigation.

Fig (5.8-5.9) shows the wall and bulk temperature distri-
bution along the length of the tube. The wall temperatures. were
determined by direct measurement as described earlier (in cha-
pter-IV), while the bulk temperature distribution was obtained
by calculation.At higher Reynolds number, wall temperature is
low,because more heat is taken away by the air. ~ig (5.8-5.9)
shows that there is a portion of the test section where the wall
and bulk temperature distribution are parallel, yielding a uni-
form value of (Tw - Tb ) as expected for constant heat rate. Just
up stream of the exit,the slope of the wall temperature gradually
falls due to end. effect.

Fig (5.10) shows distribution of wall to bulk temperature
difference along axial distance for different Reynolds number.
The wall to bulk temperature difference first increases, then
become axially unchanging in the fully developed regime. Near
the exit, it decreases due to end effect.

Fig (5.11) shows distribution of temperature ratio (Tw-Tb)F.D
/(Tw-Tb)x along the length of finned tube,for different Reynolds
numb,er ratio NUx!N~.D along the length of the finned tube.star-
ting with a maximum value at the inlet, the distribution drop off
with increasing down stream distance rapidly at first and then
more graduolly. At a sufficient distance from the inlet the dist-
ribution levels off, signaling the attainment of the thermally
developed regime. Just upstream of the.exit, the lift off of the
data reflects an end effect.
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Fig (5.12-5.16) shows variation of local Nusselt numbers
along the length of the finned-tube. Nusselt number is large
in the entrance region. It decreases with increasing axial
distance approaching the fully developed values. Fig (5.13-5.16)
shows that at higher Reynolds number, the curve of local Nusselt
number slong the length of the tube is higher.

Fig (5.17) shows the variation of local Nusselt number of
finned tube fOr Reynolds number 4.42 x 104 and that of smooth.4tube for Reynolds number 5 x 10. The data for smooth tube have
been obtained from the smooth tube correlation for entrance
region. The details of calculation of local Nusselt number for
smooth tube is given in APpendix - E.

The thermal entrance length of finned tube, defined as the
length required for NU~NUF.D • 1.05,has been calculated. from
Fig (5.15). The thermal entrance length is 5.2d for Reynolds

4 4number 1. 56x10 and 6.25 d for Reynolds number 4.24x10. The the-
rmal entrance length for different Reynolds number,obtained from
Fig (5.15) are. shown in Table (5.4) in APpendix - C. The results
exhibit the thermal entrance length increases with Reynolds number.
Fig (5.17) shows that the thermal entrance length for smooth tube
is 8.3 diameter for Reynolds number 5 x 104 and that of finned
tube is 6.25 diameter for Reynolds number 4.42 x 10.4 The attain-
ment of fully developed region is earlier in finned tube than that
in smooth tube, because of enhancement of heat transfer in finned
tube due to fins. But the curve of smooth tube in the fully deve-
loped region is higher than that of finned tube because of higher
Reynolds number.

Fully developed Nusselt number based on hydraulic diameter and
effective (heat trsnsfer) area is shown in Fig (5.19). The slope
of heat transfer data of finned tube is very nearly equal to that
of smooth tube. The variation of heat transfer results from Carnavos
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oorrelation are 6.27"~ to 14.98% for Reynolds number range
44.from 1.56x10 to 4.42x10, shown in Table (5.10).

Heat transfer results based on inside .diameter and nominal
area are shown in Table 5.5 and 5.6 in APpendix - C. Based on.
inside diameter and nominal area, Nusselt number for the finn-
ed tube exoeeded smooth tube values by 97% to 112.~~ for Rey-

4 4nolds number range from 2.66 x 10 to 7.86 x 10 • The heat
transfer ooeffioients for finned tube were in the range 1.97
to 2.12 times smooth tube values. Fig (5.20) shows the heat
transfer results of finned tube based on inside diameter and
nominal area as a function of Reynolds number and comparison
with that of smooth tube. The heat transfer curve for finned
tube is straight line but muoh above the smooth tube ourve sho-
wing enhanoement of heat transfer due to fin effeot.

When compared with a smooth tube at oonstant pumping power
and oonstant basic geometry, an improvement as high as 52% was
obtained in heat oapaoity. Constant pumping power performanoe
ratio, R3 is shown as a function of Reo in Fig ( 5.21 ).R3 c hif/hop are in the range of 1.36 to 1.52 for Reynolds number, Reo
from 4.49 x 104 to 1.19 x 105• Table (5.8) in APpendix _ C shows
the oomparison with previous work. This work result is olose to
that of tube no 9 of Watkinson etal (3) and show differenoe of
6.5% to 13% only. Table (5.9) shows heat transfer performance.
ratio at oonstant Reynolds number and at oonstant pumping power.



C H AFT E R - VI

CONCLUSIONS

Steady state turbulent flow heat transfer performance
of circular tube having integral internal fins was experi-
mentally studied. The experimental study revealed that heat
transfer coefficient of finned tube is large in the entrance
region and the enhancement of heat transfer in the fully deve-
loped region is remarkable due to fin effects. The findings
of the present study are enumerated below :

(1) Nusselt number is large in the entrance ~egion.It
decreases with increasing axial distance approaching
asymptotically, the fully developed values.

Nu
(2) For fully developed region, the slope of -0;4 vs Rehcurve of finned tube is very nearly equalFrto that of

.smooth tube.

(3) The heat transfer results are very close to Carnavos
correlation for finned tube and per centage of devi-
ations are in the range of 6.27% to 14.98%.

(4) Based on inside diameter and nominal area, heat
transfer for the finned tube exceeded smooth tube
values by 97% to 112% for Re4nolds number range
from 2.66 x 104 to 7.86 x 10.

(5) The heat transfer coefficient based on inside
diameter and nominal area were in the range of
1.98 to 2.12 times smooth tube values.

(6) When compared with a smooth tube at constant pumping
power and constant basic geometry of the tube an impr-
ovement as high as 52"t6 was obtained in heat capacity.
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CriterionR3 = hif/hop are in
for Reynolds number, Reo from the range of 1.36 to 1.52

4 . 54.49 x 10 to 1.19 x 10 •
(7) The results exhibit the thermal entrance length increases

with Reynolds number. The thermal entrance lengths were
6.25 d for 4.42 x 104 Reynolds number and 5.2 d for 1.56
x 104 Reynolds number.

(8) The attainment of fully developed region is earlier in
finned tube that in smooth tube.

(9) The results exhibit that the local friction factor is high
near the inlet, drops suddenly to a minimum value,then rises
a little before gradual falling ofrwith axial distance,appr-
oaching the fully developed value.

(10) Friction factor of finned tube based on hydraulic diameter
is higher than that of smooth tube and in the range of 1.5
to 2 times the smooth tube values. But the slope of the
friction factor of finned tube is very nearly equal to that
of smooth tube.

(11) Friction factor based on inside diameter for finned. tube
is in the range of 3.2 to 4.5 times the smooth tube values.

Extension of the Present Work :

With some modifications of the experimental setup, the test
section can be replaced by another one of varying tube diameter,
tube length, number of fins, fin height etc. and more data can
be obtained to analyse heat transfer performance of tube having
internal fins.



FIGURES

. ".;~l<'.....•.• "'!" ~.•..', '

.
- ,



','

•
a..
::J

Q)

•...
w
(f)

-'
~z
w
~
a:wa..
><w
~
0

~
lX
L?
<t:
0

U•...
<t:::Ew

-
:r

N

U
U)

":"-'f
!:2
~

\," ..,
N



Experimental Set-up

1. Shaped inlet
2. Traversing pitot
3. Inclined tube manometer
4. Ice bath
5. Selector switch
6. Microvoltmeter (DVM)
7. U-tube manometers
8. Variable voltage transformer
9. Ammeter
10. Voltmeter
11. Temperature controller
12. Magnetic contactor
13. Bus bar
14. U-tub~ manometer
15. Orifice meter
16. Heater on off lamp
17. Fressure tappings
18. Thermocouples
19. Flow control valve
20. Flexible pipe
21. Diffuser
22. Fan
23. Mo.tor
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1 Shapedinlet
2 Test section
3 Orifice meter
4 Gate valve
5 Flexible duct
6 Diffuser
7 Pan
8 Outlet
9 Supports I
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FIG 4.2 SCHEMATIC DIAGRAM OF EXPERIMENTAL SET UP
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Material:-Brass

lube wall
(Alumin ium)

PRE SSURE TAPPINGS AT SHAPED INLET

T
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Tube. wall
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FIG: 4.8 PRESSUQE TAPPINGS
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FIG. 5.13 LOCAL NUSSELTNUBER ALONG AXIAL DISTANCE FOR DIFFERENT REYNOLDS NUMBER,.
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FIG. 5.19 HEAT TRANSFER RESULTS BASED ON HYDRAULIC DIAMETER AND
EFFECTIVE AREA.
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FIG. 5.20 HEAT TRANSFER RESULT BASED ON INSIDE DIAMETER AND
NOMINAL AREA.



(\
I ~



. PLATES

I



65

Plate 4.1 Experimental Set-up
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Plate 4.2 Measuring Instruments
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Plate 4.3 Voltage Regulating Transformer and Panel
Board for Electrical Heating System.

/,
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Pla,te,4.4,' Test section
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Plate 4.5 Two Halves of Test section •.
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Plate 4.6. Flow Control Valve
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Tublo ( 2.1 )

APPENDIX - A

!rube No ! 9
~

11~ I '16 t 24
~,

~'

HcfcI.'0HCO 0' I~ 9 9 . I'-.ccsunt \lork

, ~'ube O.ll. j;La '1207 15.9 9.;)j 25.4 9G

i'uhe I.ll. InlJl 10.:5 13.9 7.Gi~ 23.8 70

l!'in i'ip lJi LeaL: 1:;01' mta 7.75 10.9 3.18 19.8 'j.O

No. of il'inn 10 '10 6 16 6

lIe lix unc:;le 0 0 0 20.0 0
Actual j!'Iow

l!IIIl2 73.6 137 33.4- 1~15 3578.5.A:rea• A
Xf

ItomiIll:l1 J!'low A
Area' J\ sq.llllll 83.1 151 '~5.9 444 3848.5•
Cora 1'low
Area. .A.;{C IJ'l.IlI111 47.2 93.7 7.92 30') 1256.6

~f /.Ax. O.8ElG .907 0.728 0.936 0.93

Axt / "'xc 1.56 104<5 4.22 1.34- 2.85
Jrctuul hout tr ull:.;f L:~' ;A.U (,7.3 5°.8 132 399.9k.roa~~ tl '1oIlIIJl / JJlIll

Homin"l ben'l:; tI'cllwiur 32.3 1~3.6 24.0 71~.7 219.9.Area. A. uq.mta /lWU

AulA. 1.6'( '1.55 2.12 1.7G 1.82

IJy<lraulic JJiu.:., ~l 5.l~;; 8.15 2.G3 12.6 35.79



~ai.Jle( 2. 2 )
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LJata GOllll-la:L':lGon.

l1cf. '.Lube Hoynolrl8 lll..llil bers l{Oe:?,. Heuw.rlcs
. .

No
.'104 2.5x104 5x104 105

1 3 2075 2.20 ,)10 Ho data Water"'. .

2 9 1.G3 '1 .1j{; 1.31 1.10 ,later

3 9 . Ho data 1.67 .1.1f8 1.32 Air

9 21~ Ho uuta 1065 1.6f2 1.~j .Air

1 4 1.69 1A5 1.31 Ho data Water

2 14 1.50 1.28 '1011 0.95 l;later

3 14 Ho data 0.95 1,.11 1.00 Air

9 14 1[0 ilata 1.25 1.28 1.28 .'ur



Table (4.1)

APPENDIX';' :B

.shaped Inlet.

Co-orJ:i.nc~to::;for c;llUpedinlet

..x/d P

y/d 0 o 0.001 .0.001 .0.002 0.003 0.0040.006. 0.008

,

x/d 0.218 0.234 0.250 0.266 0.231 0.297 0.3120.328 0.344

y/d 0,;010 0.0'13 0.016 0.019 .. 0.024 0.029 0.034 0.041. 0.0/18

y/d .0.057 0.OG7 0.078 0.0,:)1 0.107 0.12'7 0••1511.. 0••219 0.284

x/d 0.438 0.11-22. OAOG D.3Si1 0.375 0.359 0.3114 O~328

y/d 0.308 0.325 0.:338 0.347 0••353. 0.358 0.361 0.362
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~uble ( 4.2 )

1. ~
.•

CU.l!uci ty : : 30 Ou.m / ,min

P:C'u ~.i;...iUl'O : 125 JJJ.ai oj; water

H.P : 3

I'llLlse : :3

. Cu:cront : 4.•1 .A;

Volt "'(;0 : 3'80 V

2. ~Ol!lp0r••.turo GOlli;:collor :

Hun;.:;o

3. ~loct;ric lIcatin"j DY:Jtom

lfuo:tor .i.(c~i;jtanco

huxiJllum voll;ac;e

I-iu;:.:i:JlUlll ctt:J:J.'0nt

Power

:

:

.•

0-.200 C

220 V

220 Volts

2:; A
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.Table ( 4.3 ) Location of i'ieaDurinL points for the LOG
Linear Bothod.

llum.bu1' of. E10ilDU1:in(?; DiDtCUlCO JOI'lJl \10.11 in pipe. JiUlllOtOI'.O.

point::; pur ji:.uile~u~'

..•

6.

8

10

O. ()L~5-. o 2')0 Og71O,. o. '357g. •

° °32 0.1j5. 0.321 0.679,°.865, 0.9G8. -. .
• •

0.021, 0.11'l. o 1o,~ 0.3'1-::;• u ,

.0.G:;5, 0.81G, -0 °07- .0.'::!7'::!.au ::>,

0.0'19, 0.07'7, 0.153, 0.217, 0.3G1

~

0.639, Og'l83, 0.8LI-7 o 9')3 0.981., . ,'- .. -



APPENDIX - C

:Gxpt. I'loan Voloci ty !'lean Volocity % of errorNOD. V lU / S V m / s in Log Linoar
By Graphical By Ten points Log I'lethod.
Intot;rution Lilloar Nothod.-- ..

1 19.23 19.32 0.47

2 18.l~1 18.52 0.57

3 17.85 17.89 0•.22 .

4- 17.19 17.29 0.58'

5 16.39 16.51 0.68

6 1l~.5 1l~.G2 0.82
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Tablo ( 5.2 ) cOlllpo.ri:.;onof l'l'i.ctiun fu-ctur of 1"innod

tubo based on h;yuruulic lliUJlJotcI'.viitll -that of EllloOth~'ube•

..- ~-_.
~o:r-, l(eynolds .c'riction .i!'Lwtor I Increase in
iraont HUlllbor }'innud ~ubo 3:uooth 1'ubo ]!'h j)'riction
.Hos. He Jih

. fi V- factor overh
0 o. smooth. 1'uoe.

1. 04- -I. 0.008 0.0054- 1.JIB JI8.15 ,~4-.ll-2x1
.

2. 3.(Ax104- 0.008 0.0057 1.40 l~0.35%
.

3. 3.:53x104- 0.009 0.0058 1.55 55.17 %
<. "

4-. 2.72x104- 0.00% 0.00G1 '1.57 57.38 '}~.

5. 2~23x104- 0.01 0.00G5 1.54- 53 ~8 01. .J 10

. G. . 4-
0.014- 0.007 2.0 100.0 %1.56x10

.
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Table (5.3) Comparison of friction factor of finned tube
based on inside diameter with that of smooth
tube.

iReynolds Friction Friction F. Increase
~Number Factor of Factor of in

Re. Finned Smooth F.o Friction~
Tube Tube factor

F. Fa over~
smooth
tube

7.86x104 0.016 0.0047 3.4 240.4%

6.46x104 0.016 0.00496 3.23 220.0%

5.88x104 0.018 0.0051 3.53 252.9%

4.77x104 0.019 0.0054- 3.52 251.9",6

3.88x104 0.02 0.0056 3.57 257.1%

2.66x104 0.028 0.0062 4.52 351.6%
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filllled tube.

Heynold:::;lIu!lluor, ieoh

1.56 :x: 10 4
2.23 :x: 10 4
3.GL} :x: 10 4.
4.42 x, 10 4

l'llermo.l ,~ntr<:U1ce10110tll L
't

--- _._---------
5.2 d
5.';) d
6.15'd)
6.25@

Tablo ( 5.5 ) GOlllpuri'"ion of Hoat 'j,'ran:::;for8o-o.i.'ficiont of

finnod tube based on In:..;ido Diaw.oter and Hominal
-~I---, ,,~:~_t~~.~, .area viitil that L0Lm1Loo;th~u9_e~t~c0nljl}ant Reynolds

number.

Hoynolds number
l'Lei

Heat ~I'an:JfeI' Heat Trwwfer
co-officient ~ co-efficient

~of finned Tube ~ of smooth tube

I hi! ~ .hoo
________ -' 'vi/sq.m °c 1w/sqom C

7.86 :x: 10 4 135.13 63.67 2.122
6.46 :x: 10 4 110.22 54.5 2.02
5.88 :x: 10 4 100.60 50.94- .1.975
4.77 :x: 10 l} 88.06 43.37 2.03
3.B8 :x: 10 l} 7lj.• 5';) 36.64 2.04-

2.66 :x: ')0'} 57.36 27067 2.07



Table (5.6)
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Comparison of Nusselt Number based on inside
diameter and nominal area of finned tube with
that of smooth tube at constant Reynolds number.

Reynolds
Number

Rei

Nusselt
Number for
finned tube

NU'f. 1

285.1

258.2

224-.5

189.3

Nusselt
Number for
smooth tube

Nuo

14-0.99

13°.77.

92.98

69.25

Percentage
increase of
Nusselt
number over
smooth tube

112.2?,,~

102.21%

97 .4-5"~

1°7.36%
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Table (5.7) Constant pumping power comparison.

Fin tube Equivalent Heat Tran- Heat Tran- Criteria,
Reynolds smooth tube sfer co- sfer co- R3 =
number Reynolds efficient efficient hi!Rei number at . for fin. for smooth

constant tube tube at h,op
pumping hi! constant
power w/m~ °c pumping

Reo power,
hop

7.862x104 1.19x105 135.130 88.923 1.52

6.46x104 9.63x104 110.216 75.085 1.47

5.88x104 9.08x104 100.602 72.128 1.395

4.77x104 7. 36x104 88.063 61.381 1.44.

3.88x104 6.0x104 74.588 . 52.311 1.43

2.66x104 4.49x104 57.363 42.052 1.36



..
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Table, (5.8 )' Data c6mprison wi.th previous work.

Ref •. Tube
No

R3 ~ h.f/h at different~ op
.Reynolds number Reo
-,0---- ...•.,----.._--- ...•..------.-

104 . 2. 5:x:104 5:x:104 105

Remarks

*3

•3

••9

9 No data

14 No data

14 No data

24. No data

1.67

0.95

1.25.

. 1.65

1.4-8 1.32 Heating
Air

1.•11 1.00 . Heating
Air'

1.28 1.28 Cooling
Air

1.62. 1.53.' Cooling
. Air

This
work

No data No data Heating
Air

.• Obtained fromCarnavos (9).



1'able ( 5.9 )

Reynolds"
"Number,

Rei

85

At constant
Reynolds
Number,

hif

ho

At constant
pumping
power,
"~f

" 4 •.77x104 2.03 1~44

..
5.88x104 1.98 1.395

•..
,. ,

6.46x104 2.02 1.47

7.86x104 2.12 1,.52

/,\,



Table ( 5.10 )

Reynolds
,nUmber

,Reh

86

This work

113.233

92.2

",

Carnavos,
correlation

,98.48

84.33

78.,58 ,

Percentage,
of varia"';
tiOn from,
Carnavos
correlation

%

14.98

9.33

6.27

,'2.72x104 72.63 66.83 8.68 '
.

, ,

, 4
61.24 ' 56.99 7.462.23x10

,'4
1.56x10 ' 42.78 ' 8.65 '

,
, "



APPENDIX -D

SAMPLE CALCULATIONS .

=
.TID? .
~
4

Ax:r = (rr Df /4 ) - WH N

= 0.00358 sq.m.

= lTD. + 2 H N •• 0.3999 m .
.. ~

liydrauli.c Diameter.

4Axf
nD.+ 2HN~

= 0.03579 m.

,
. Determination of MeanVelocity.

The velocity was calculated form the relation,

A P =. '}2f V2 (D-1 )

.,
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If V is -~obo m/n, f must. lie cx:prc:;i::cd in kg/m3 o.nd
. . . 2

l::.. P in Pa;:;c,::cls .( lJ / m ) 0 If h is the. v6loci ty L'lead axp":

..,-,(, .. , . ;"'d- ..;'n en] 0 L"' ','.10.tc,r •.L, '."'" \..,.: .L. .,.1.....,

.'

bp= 90.1 x h Pa (D.-2 )

..,"-,~.,~plle;"]'c••• lJ,•• l"-_.... .,1.... :DI'o'pc.rtii),s sca level are

. . I'~c ~r..iurc ,": 7GO JilTil HC; 1

.'
.' . . . .. 0 '
i?(xr ,any utll.cr l;Cj:l.l~()J:'~lLuro.t .c t:Ulu IlrC!,i:,iurc t:, b mmIIg"

l.;hc "tJ"['lluc of. the >.l'_~11;.;.i'!;y in' kiloLro.ms. por cuLJi,c, m,;)t;c.r., is

288
= 1'1;1225 x ~--

.273+.t
x

b

760
b

= 0.11-6'1-2 (---)
273+t

• • • ( D ":3 ).

(D-'- 2 ) mId ( iJ":3 )

.( 27tt )~(n )~

in (D-1 ),

•• 0 ( D'-4- )

.~

V' = C(.n)

\-ihere C = 20.56 ('_2_7~~_+t_)}~

h Velocity head, em of ',mter.'

•••
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Heem teinp,:t; = .30.0 °0

Atm.pressure, b = 760 minHe.

o = 12.98188

Neasure"lent of mean veloc.i ty by Ten peintsLog Linear.

m.et llOd is C;iven by,

~2 + .•••••• + ~o )

V.=18.76 m I s~

. Hass :nO~1 rate, I'I = P ~ V

.= ,.
J" •:.,~'~,~

V

Reynolds NWjber~o

11
"'-

p~

'" 20.62 m I s

Rc. .=
~.

.n.ch =

78G1509

L111-190.28.
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Fri c ti on 1i1o.c 1.;or:

~-'.l'von byU ' . ,

F.
l ••

...
(- 6 P/X )D:i.

2fV2

.7.°73006 X 10""4 (- AP/x ) • ••• . CD-5. )

Loca:J,"I:l:Yfric~ion factor o:;;ed on ll;j!(L.uulicdiailletor is .

=

••

( ..: AP/x ).~

2 f V 2

3.6156G x 10-4 ( - AP/x ) .'.. (D";6)

-------x--.'[0.0
P (x)ram. of \1Qter 0

-AP J:1m of \"mtor

-AI' in kr/m2" Q

.. :'

.r.26" ~O';46 ~ 0.66 .~ 0.86 ~ 1.0G~ 1.26~ 1.'f6
5900 53.0 " 59.0 65.0 69.0 73.0 77.0

3.0 9.0 15.0 19.0 23.0 27.0
2.99 8.96 1'1.•93 18.91 22.9 26.88

VI"o95 22.LI- • 2LI"~89 23.G4 22.•9 .22.4-
0'.011 0.016 0~018 0.017 0.016 .016
0.005 0.008 0.009 0.009 0.008 .008



91

IIeo.t 'l'r"l1sfer ()~.'.lClll:.J.tion

T. = 3o.y~1 °c
l

To = 43.9 °c

cp = 1~00G36 kj I lee;, °c

k = 0.0269'38 w / mOC

)I = 16.701j.x 10•.6. m21 s

f = 1.111.152 l:G I m3
. 0

Total j\O~(t in put "to tho air,

'I'. )
l

= 1151.88 jls .or Hatt

Q' = heat .input per l.U1it x":ial len~;th .

.Q.'= I;

= . 757.82 w/m.
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Loco.l heat tr',n;;fer coefficiont in C;i von by,
I

Q (3
l~ =

C TIV T )x A.;{3- b

."~757.82'-'=
C TIV - Tb )x~..)3999

~ = 1895~a237 H 1m2 °c ... C 1)-8 )

C T - 'r ):x:IV b

Ilocul HU;~:Jclt llwaoor is,

b.. D= x. h
k

= 1.326 ~ ... ( D-9 )

x -:La ~ 0.00:.;~ 0.026 ~ 0..11{) ~ 0..66 ~ 0..86 ~ 1.0.6 ~ 1.26~ 1.'f€;t 1 .52'-_._.__.. ~ P

Tw 39.76 42.0. 50..86 59.16 61.71 63.50. Gl'.39 61,.25 60..11 58.79

Tb:x: 30..3'. 30..813 32.67 31,. '1-5 3G.24 38.03 39.82 41.61 '+3.3943.93
(Tw-Tb):x: 9.42 11.12 18.20. 24071 25.46 25.47 24057 22.6416.72 14.86

bx 201 170..4 104 76~7 7'••4 7'••4 77.1 8307 11303 127.5
N~ 266.6 226 138 1CY1.7 .98.7 9806 10.2 111 150. 169



of ( TW - Tb)x vox / L, Fig (5.10 )',From the graph

=

Fully Developed hoat trOJlsfercoefficiont,
I

Q
W I sqo m 00h = = 74.31

~ (Tw-Tb)FD .

bully Doveloped HUGGelt numbor,

:Nu = h~

k

X/I. 0.0
,."..

('1' '1')~J- b FD 2.71 2.29 1.4 1003 1.0 100 1•Oil- 1.13 1.53 1.72
{Tw-'1'br;-
X/D 0.0 0.86 3.71 6.57 9.43 12.29 15014. 18.0 20.86 21.71

~lltxfNu 2.71 2.29 104 1.03 1.0 1.0 1.04 1.13 .1.53 1.72
F.D

norainal aroa,

h ~

A



.lfu:;:;olt number. based on inside diameter "md nominal

ar-o.a-,

.,
Con:,tant pumpinG pO\ler :;:Jootll cube l:e;znolds nuniJor il3

~iv6nby,

He 0,

i?or

=

=

)12./1.1.2~517 (l:eU

1.19 x 105

tube,

= 0.023 ( He
o
)008 ( IT )0.4-

= 229.98

IIoo.t tra.1lsfer coefficient for smooth tube at Ro " = '1.19x105,.0

= 88.7 W/Sq. m C

hu at n0if'= h at Heop 0

= 1052



APPENDIX- E

Calculation of Local Nusselt Number for Smooth Tube
in the Entrance Region:

We consider the temperature profile is developing
but the velocity profile is already developed in the
.turbulent flow of air. The follqwingequation for .con-
stant heat. rate, discussed at length in kays (18), is
directly applicable. .

1 -~I . . . ..'2,
x+) )",,1NUx •• ( eXp(-. 1m (E-1 )

Nu Ym+.Am

x+
x /r

Where, •• Re Pr

.ForPr •• 0.7, He

x

.4•• 5 x 10.
. ...•..

.. ---
1225

Nu •• Rao.8 po•4
r .

•• . 114.9
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Eigenvalues and Constants are obtained, from kays
(18). The local Nusselt nUDiber have been calculated
from the equation (E-1) and \~ritten in the Table below :

x

o

0.06

0.26

0.46

0.86

x/n

o

,0.857

3.7

6.57

12.29

o

177.4

129.7 '

121.5

1.26 18.0 ,'1.029x10-3 118.17 "

"

1.52 21.71 1.24x10-3 117.02



APPENDIX F
. PROGRAM L1STI NG

J
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!=J~T={A.\l ~l :-~UET :J'.';:>IJTt:~ ~E\JTRE, J;.\KA.

,'1~C:IlU~ -1JQ, STJ:J:::~.JT J:: '1.S:. ::::"~:;::;.
'{J;~A~ FJ' iEAI T~A~scER :AL:ULATTJN OF IHE THESIS
"SIJ]Y J= H~AT I~A~SFEl DE~F]~.AN:F JF TJgE HAVI~; INTE~NIL

••..

~M JF",>lATE~
<'

..

i~
-iE
~r.:

"•• ", .f •• ; :",' , •• ,t. '- :".: ",;,' ;, '; ".:'::,': ,'. :-it:
EXDoRIM'CNJ..NO. 01 ~[

~"~E
~E
~E
;E
HE
-tE
He:
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j" H::c? 6, I "J I •. 2 • ' \J F d r ('/
,n,I ref 3, ~Z) Il,-f
=_)~~~r{2x,':::-;:[::'TrVE H~AT rR:\\~SFE~ AR.EA. AH

(

(

95

87
9J
(

JOJ

110
C
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83

ltDJ

85

75

80
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(81
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=lZT1~~ 41 ~U~T :J'1~UTC~ :E'~TPE, aHAK~ "'-liSP

~Il\.:. '!J"JAL AQ~",::-::-iI',5Xt'=',3X.F8.3.1X,'W/SQ.

~
~
4
y
4
~
~,
~
~,
y
~,
~
~
y
~
y
y
y
~
~
~
y
y
H

=' .Fe.311 ~
O~ ~

~,
.~

.4
ft
~
~
~
y
~
~,
-f
H,
~
~
~

rI ::.! r:: ( 3 ~ 1 i 2 ) ( X), I~( J) , J'" 1 • S )
'~J~~~T( 'X/)~~'.LX,?~7.7J

.J \ IT:: ( 3, 1 L 1.) ( XJ "p I.~( ,1) , J;:: ~ , 1 J ,
::"J,,~~r( 'X/J~~H' ,IX, '0,)' .lX,'"?~:7.2)
ARi [;O(3,12JI (~X( JI ,J=l, 181
';"] , .~~r ( ~X , ' :~:<' , S X , lOr: b. 1 J
rJ:Z r r :: ( 3 , 1 3 5 ) { X \l J ( J J .' J = 1 , 1 0 )
:::]~I.~AT( 2(, 'I"JjX', ::::X, lOt:"~~.l)
..n.rr=(3,loi-~)
o:PI<\T(I2X,'~J,: fiE ?LJT (TA-T'\IX VS X/L :UR"E & no', T~E :URVi::

'.E =I~D IXIILLY'llX,' J~:H'N~ING ~ALL-TJ-BUL< TE~P. DIFFERENCE
.I~ r-lE~~~L =JLLY D~VELJP~fl'/2X,'~~SI~E'/)
;)f3=FJf31
Ir(=JT3.'::I.J,Jl~J TO 888
)J 'SJO <= 1.1 J
HI () =cJT:1/iJfrJ( (I
:J~T1'iJ::
,n.lr~(3,145)
=J~~~T(ZX,' (Trl-T3)F/')
."lft( 3, IC,J) (H( K) .K=l, 101
:J~~~T{ZX,' (r~-T~X)',lX,lar-~.2/)
c~':=:lL/(A.j"=JT'J1 ;".'
.=~J1=(F~O ),I/F( '<,
,,'1[=(10153)=,= r-.
FJ~~AT(/2X.'~E~T T"A~stE~ :JEcF.I~ TH~A~AL'/2Xi'FU(L~ DEVELOPED

~~~;IJ~, = iE ;',5X,~3.3,2X,_'~/S~.~ :') ;.' .
,nrf'013d571";Jl r.' 'I
'J<'1~TlI2X.' ~JSSELT NO. 1~ f'EH1AL FULLY JEV.' ~EGfi:J.~.NUF
:.:JLATIJ~ J= H~'T TAANS=ER CJEFF. AND ~USSE[T N6, a.SED.. .I~3I~c )IA~=TE~ ANJ ~O~I~AL d~EA : )
':-H=(F,='~,I/(?H:CJI) ,

\.",Ift:(3,22Z)
=:;~':H12X,':'I'Af P.~~SFEP_ :nEcFltrc~T BASEJ 0'/,')
,JRlfE13,155I',r
=)~~.1,r(2x,'I\lSI)E

+~1 :'/)
c'Ul° I =HI.JII/FK
,; ,I r ': ( 3 , 1'') 6) , ~J 1
=J~~AT(/?X,t~JSS:Lr ~J..~~=~.,13K, ';' ,ZY.,=S.1/)
HIE (3do7J "J '.)1 i
=)~~A;(/2X,"~US5~LT ~).I~! T~~~~~At_CULLY DEV.
c;'U=o~J1
r=(=\JJ,,:J.O.J):;] TJ q=;~
) j 7 J J _.; i •1 )
'." J I c 10' ~ J (_ I IF 'J U
: J \l r I 'JJ::
,n rEI J , 311 ) ( xc ( L ) , .. = I ' 1~ )
= J J, '.\ •••.T ( 112. X, • XI") , ,S.x , 1 J F S • 2 )
• ,.1 f ~( 3 , 1 5 :. I ( " 'I..J ( L I , L 0 I , 1 0 )
:: J ~ ., 0.. T ( 2 X , t 'l J X I :: 'J ~. , ?: X , 1 J F 1S • 2/1 I
"H.ITc(3,17J)
:-j~,'1~ T ( j X, ' x • , ::;X , • xi:) 4 :::.=: i-i • , ') x • ' X{'J I R r: I ' ,7 X. t F H' t 9 X, • f7 I ' J
JJ j)G J=1,3
",U Fe ( 3 , 1 7 51 'll J ) ,X)'4 I J ) • X), ( J I • F4 ( J ) .• ;0 U J I

311

70D
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120
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135

153

15J
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140

157
[

C
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160
C999
C17J
C
C
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~J~T~~~ ~l ~U~T C)~~UT~~:~NT~E,J~~K~ V'-IISP

[175
C900
'199
130

185
'113

19J

195

19'1
915

: j ~e', 1\ T ( ;. x , ;: 't • 2 , 3 X , :: 1:; • '3 t , X , r: ] :' • J • 0 x • r 7 • ~ , 4 X , ;: 7 • 4 J -r
:j~II~J, ~
,H[rcl.~.,[3J) ~
.=J~\t4,T(1-~,'X',7X,'X/L1H R!:; ?R'.t,X,'\lLJX') -f
)J ;13 J~l,lJ H
"k r I = I';.I :0 , IX(J I•X r< r 'j( J )•X',U IJ ) ~
F ] ~ \1 A. r ( .3 X, Fit. 2. , 1-X , :: 1 1 • 4 • ~ X t r- 7 • 3 ) -I
:J~II~J, H
:J~5TA\lT ~J~~I~; PJ~~~ [J~PA~lS0~~ :RIT~RI~ ~3 -r
==IoFHl ~
lH".=1."J.'.J)~J TJ ~15 ~
< :: J 0 2 • ,IS?' ( F I .. "'1. J 9 J 9) '.'( ( Ax= ' F F I (. XI ,'. :. 0.3636) ~
we, [ r = I 3 • 1 9 J I , " J H
=J~~.T«((2X.':J~ST'~T 'UHPI~; 'J"E' SHODT~ T~BE ~~Y~JLOS.~ED=',ll

.::12.1} y
J 'U 0 J • J 23 .. I ( ~ ~ J ) "', J • 8 J'. I ( P ~ I ". c. ") ~
~Jo(J~J '=~)(JI ~
r,!~I T-:: (3, It!+) -r
=J~~'TI2X,'i=.T T?A~S=[K CJEFF.FJ, S~QJTH'J 4
NUTEI3,1}SHJ ~
FJ~~A.T(ZX','rJ~~AT :O~5T~'~T PJ~?r\l; PJ~E~,HO =',?X,F7.3,lX,~W/SQ. i

•. 111 :') '-1
<3°=~l(n (:>/ 4

,N' r T L ( 3, I , ,I ,3~
FJ~L,1A.T(/2X,':"Irt:~I~ ~3::: F-rr/-ro =.~2X,'=7.3) '"l
; TJ P ~,
L'O

(



JJT:>IJT
1°5

Al ~UEr :aMnUT~~ :~NrR~, Ji~KA ~M/SP (D3l.

~~S5 =LON ~Ar~,~ =
M=~, VELJ:ITY l~ =IN-TUOE,VF =
,EY~)_JS ,J.l'S[) ON I~SIOE OI'.,REI =
,='~J_JS ,J.3~S[J ON ~YOR~~LIC JI~.,~EH=

=
=

= SQ.M
SQ.M
M
MIS

KGIS
MIS

0.00385
0.00358
0.03579

= 18.760:19
= 12.°8188

0.08~Z3
ZO.61884
78616.19
~H80.'4

THE TU!3E,~X
FI~-TUJ=,~XF

:R)S5-5E:rIJ~~L ~~E~ JF
:,)S5-5E:TIJ~~L ~~E~ JF
~YJ,~JLI: JI~M=I=~,J~
M=~~ 'ELJ:ITY,V

AXI4L :nST,X J.::)J
p 27.00
I~:R:M=,TAL ',[S:~Rc
D{,JP, ]:>{X)

ox
DP/)~
Jf'ltXl
OH(Xl

HI:TIJ, c~:TJ'-
AX.I4_ JIST,X
P

X/DI '-EI
O.336E-O~
0.120E-03
0.156,-J3
0.193':-)3
0.229E-03
0.255::-)3

.,
'I ;"

.f .'"",,
\

1\
i ~,
. \

~.OO
0.20

20.00
0.014
0.007

1.~6
77.00

4.0J
0.20

20.0J
0.01~
0.J07

1.251

.73.00'

4~OO:
0;20 !:

20.00
J.01~
0.007

0.66
59.00

6.0::; 6.00
0.2J 0.20

30.0J 30.00
J.021 0.021
J. 011-., O. all

<j! ;

O.6:i
59.0J
9.0J
9.96

22.4~
0.816
0.J08

=y
0.0;)54-
0.0081
0.0090
0.0086
0.OJ~3
0.00~1

J.~S
53.00

D.46
53.00
3.00
2.99

1~.93
0.01l
0.J05

3.00
0.20

15.00
D.CIl
0.005

0.Z6
50.00

23.00
0.Z5

R9.46
0.063
0.032

:~L:~L~TIO~:
J.OO J.Z5.

27.00 5J.00
a.DO
0.00

J~ J,
D~ J~
XlOH '-=~
J.Z9IE-Ol
J.'t17::.-03
).5~;'F..-03
J.57J£:-83
:1.7911::-03
J.92L-Ol

rlATc,1
<:';I$~. \,l,

J.4::,
J.SS
J.3;,
1.:):>
I • Z S
1.46

Dt: L -H "P1
DELP l~
JELD(
=1 !J~S=J
F ~ 3 ~., = )

(

XID O.JJ 3.71 6.57 9.~3 12.29 15.14 1.8.00 .20.86
)EL?l(~1 0.:)0 ,23.00 26.JO 32.00 38.JJ 42.00 46.00 50;00
OI'I"HI J'J LeSS P~::SSJ~F DRJP

)P/.:i ~J~'JF:' , O.JO 0.?3 1.05 1.29 1.5+ 1.70 I.B6 2.02"

AI~ I~_~T T~~~ = 30.34L: ~Iq OJTLET T~'1P. = +3.930 :
P~J)=,TIE5 ]= ~r< ':~~LJATEJ ~T TF = 37.135 :
H~~r I~~UT TJ ~I~ 1151.816 J/S J~ ~~TT
H~~T r,'JT )e~U~lr L':MGT~ JL = 7S7.77~~/~
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Al 9UET CO~PUTE~ :ENTRE, JHAKA . V'1/SP. (43:

1.00
21.71
127.5
1&9.0

0.96
20.8&
113.3
15).2

0.83
18.00
8'3.7

110.9

).)0) 0.)60 0.2S0 0.460 0.6S0 0.860 1.060 1.260 1.460 1.520
3J.76 42.00 50.86 57.16 61.71 6J~50 64.39 64.25 60.11 58.79
30.3. 3).88 32.67 34 •• 5 36.24 38.03 39.82 41.61 43.39 43.93
.~.,2 11.12 18.IJ 24.71 25.46 25.47 24.57 22.64 16.72 14.87

,:~TT~~~SFER A~EA A, = 0.399~ SQ.~
3.JJ ).:!t 0.17 3.33 J.~3 0.57 0.70
0.00 0.86 3.71 6.57 ~.43 12.2~ 15.14

201.1 170., 104.1 76.7 74.4 74.4 77.1
2S~.6225.~ 138.1 101.7 08.7 93.5 102.2

GIST X
T.
T3X
lTrI-rJIX
EFFE:nV:
Xlc
XlD
fiX
~JX

\'.

NO. rlE 'LOT (TrI-T3IX VS X/L CU~VE C F~O~ TflE :U~VE WE FIND 'XIAllY
U~:,~~;ING rI~LL-TJ-~UlK TFM". JrFFE1E~CE IN T,ER~'l =ULLY DEVELOPE)

HGI ~:

(TN-TUIF!
(TrI-TJX) 2.71 2.29 1.40 1.03 1.00 1.00 1.04 1.13 1.53 1.72

~E~T T~~~SFE~ :JEFF.I~ TflEQM'L
FJllY )EVEL)PED ~E~ID~, CfI= = 74.308 W/SQ.M:

/'.
"

HE4f. r~4~S=~~ CJEFFI:IENT 3ASED O~
I~SI)= )IA." ~J~IAl A,FA,F,I =

NUX
26S.S4B

J ;.

I ! I, I

12.29
1.00

1350130

350.3,3=

6.57
1.03

J I •

225.~,)S
138.068
101.66<;
93.554 .
9B.527

102.24.g
llD.?36
150.24-1
1,3.993

:',t.St) J~~I'JSTDc
A~:A

>:/JH ~::H p,~
O. Q:):})::f-08
'J.S37(t::-J+
J.232~!::-C3
).+120::-03
Q.:::nz:::-J:'
).7703~-J3
8.~~?5=-03
C.1127::-)2
0.1305::-)2
O.13S1:=:-02

1.:.1:>
1.2?
1.!tS
1 .• :5 2

X
O.)D
iJ.JS
U.Z~
0.;5
J.:'S
O.3S

NUSSE_ r ~G.
A~D ~J~I~~L

XI)
.~JXlHJ

:J~ST;~T.:PU~~l~; ~J~E~. SMJJT~ TJ~E REY~JL.DS,~~a= O.119E+Ob
y~~r T~~~SF:~ :O~~F.FJR S~OOTli
TJ3~ ~T :J~ST~~T °J~?I~G ?JWe~"l = 88.~23 rlISO. M :_

C~IT~~I~ ~3 = FHI/HJ = 1.520
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DATA FOR EXPT NO 2

.::..'.:'::;:;.'. .: ~:.' ':: '.' (~;: :~.'." ,,- ",' "', '. " "", '. ': ; : "

,=\ E l\ L
i

~ I;"!] H; , A X ; " X F , V , V r: , ~~, ~ r: 1 , ~ :: H , :1~ , F K
JI i~C~SIJ ~ H II0 I,X II8 I,' I8 I•~rL -I I1 I,J " Lr I8 )•J ELOX I7 )•F I I7 I,Cfil 71 ,

'XIIOI ,T.llO) ,r~\X( I~) ,IJT~\IIOl,XLlIOI.X~IID) .HX( 10) ,X~IUI 10) .:C (10) •
.'HI 10)d~U( IJI.XOP'-jl 10) ,XORI g) .X)1.-I('g 1.'1PI') ,)X( 71 ,)~DX(7I ,OFI (
• 71 • ) F HIll, XD11 9 I.• J': L r I I 8 I , ~ P J (8 I
JPE\l (U~I T= 1, FI li:=' I \~p-Jr' ,S TA,TJS=' JL)' )
)PE~(U~IT=3,FILE='JUTPUT'.ST.TJS='~EW' )
)4T4 EX~J.A~~,O~~/2.0t14.3t~.73/
)ATA RJ.,RJtI=/I.lo6b.I.11U5~1
DATA FNJE/lb.78321
DATA DI,.F.HF.~F/o.07.J.001.O.OI5,S.JI
DATA PAI13.1415920541
DATA TR,3R/3~.O,7bJ.DI
OAr4. H/l.:I92, 1.',47. 1 •. ?1 ;~, 1.549.1.54~J.l.549.1.549,1.512.1.447.
"1.):;2/
J4Tl\ XI/O.O,C.26,O.46,n.n6.Q.eS,1.J6,1.26,1.46!
aATA P/19.J,37.5t40.0,44.J,4;.O,~O.C,51.0,S~~JI
)ATA CP,F~/I.OJ"40,a."270"OI
DATA PR/O.7Dol
04T4 TE,rJ/3J.9)4,46.o~7/
JATA x/o.o,o.OS,O.26,C.4~,O.G;;,O.~~,1.06,1.26,1.4S,I.~21
~ATA T~/4Z.8S0,45.51,5~.75J,64.4J?~~.OJO,6;.536,71.273.71.IS},

.5b.114,6!t.1351
~ATA FOT81/3J.51
JATA FFII/O.Jlbl

c

•• , _ no" ,:', "' .•. 't. •• ••• "



r=iL~-: .",-',=1/1

:.• J :: :J :~;.(::-'! T ::: l:!.":{... -1r; t:. T _""\ P.::: SIS T t.. 'J C:: = 8 • 75 J H ',',

\~~:!,,"~ ~I:::L=:ITY I'~ =-I\j-T~r\,~:~1/r: =
~ :..:"( \: J _ "):... '.•J • :'1, 4 S:~) J :.~ I~!STU:: ::;."...O' ;.~::; =
~cf~J_)~ ~J.~~~[) J~ HY:1~AJ~T: )rA.,~~.i=

;~]~S-5~:TrJ~~_ ~l~~ JF Ti~~ TU"' .AX
:'.:J:.,:;-:,~-:rTJ~~:'"!~),::f', ~lr:.:::;..j-T:n,:,.~'(f
-1y")~,',JLiC ~.~LA'i:::TI::;~,Jc1
'.~=-.\'~ J~=LJ:Jf'(,~1

0.00385
~.1}'J35~
O.0357~

1'3.4][81
= 1:->.°-31:.~

0.06953
17.07132

641)94. ::'0
3S39S.J6

S 'J • '-i
5 Q. ~,

"VS

(GIS
','IS

r~I:rIJ\J ~~:TJ~ :4L JL~TIO'J:
AX,ru._ )i~T,'x .Cn JO'2S
P 1 O'CJ ]7O'SC
JcL-i(\1'.', ..J •.•.T.:~I J.e-O
l)f:L'" :: '.J (~/S~.\}. O.fJO

1.;6
56.0C
13.5J
18-.42
15.35
O.OlG
0.008

53.0J
15.50
15.43
15.43

.0.016
0.008

1.06
50.00

"12.50
12.44
15.55
0.:)16
0.003

,J.3S
47.03

9'.5 Q

~}.4S
15.76
0.816
0.J88

FI
J.0129
0.01,7
J.OlO3
a.01S1
0.016[1
0.0159

0.6;)
44.00

6.5J
6.1+7

If,.15
~).O] 7
J.JC9

=1-1
(;.:}J6S

G .• n::!.'.D
0.').:32
r.'J:,82
;) •• '::'1 0 P. 1

~.:;-l]
O.l(J:

J. ,"-t S
f. ,J. 0:

;:: • S'D
;::.4'-)

1?.i14-

X/~~II ~[-:r
0.1~2c-r
O.14()C-~
0 •. 1:::.':'::- .....

o.z ....r!::-~

~.•..,,-'?:.-:J)
:,.~::Ji:-O:
:. S:J::'_- 'j?-

J. S~;.:-(J:'

:. •. li?~:-C?

J. :.J
J. :J.:I

1 • = 0

J f: :...~l ,(

Fl 5:::'S::J ...;') DI
F=H j~::.:::) ;]'J )-1

i. x/);-l ,,=:-1

tl, ;( i 4L J r T ,X .J8 C). ?~J , • it '} (1.66 :;.86 loo0S 1.2, 1 • (-t 6-
0 • J:I :17. :;;::; ~f•.).()G ~!tO'OO 47.)J 50.0C 53.00 56.00
I:~::':;,.= 'F 'J T ,A~ f'~:l:S:'J:),
'J=\"JfJ, ',I ,~) L':O'~ 0 ., r. r- (.,..0 J 3.00 3.00 3.0J 3.00

"

__• ;.u

~, X 2 .".'. :. :; .20 ').2:) 0.2J 0.20 O.2C' O.?O
rjp I::; x: 71 .15 I Z..50 ?C.OJ 15.00 15.00 I5.0J 15.00
OFi I >:1 G. C7(t -J~'')L~~ 0.021 O.OlS O.Olb 0.016 G.OI()
"F~(q 0.0313 ].00'" D.Gll 0.OJ8 0.003 o.ao~, 0.0::8

XI '\ 8.0C' 3.71 ~) ." ; 4.{<~ 12.2~ 15.14 18.00 20.36
utL?ll ~) O.OJ 1~.5C 21 .00 ;::5.00 ZR.J:J 31.00 34.JJ 37 ••00
r)l'~:::';T I J '-i L::S::; r~E::SSU'~E n~lP

)p/ •.:.;, J r.; V, , ~ "\ '. I 1.J9 I.Zft 1 .4-8 1.66 1.83 2.01 2019'" • J ••

T-1:~'~;\:'" ~l::;JLr:

4 1 ~ T' i_ :.T T.:. '.: ":: ?: J • S 8 '-t C A J ~ :) J T L r:: T T =: '~ D .• = 46. 85 7
? J~~{Tl~S J~ ~I~ ~VftLJAT[) ~T rr:: 32.33J C
-I 1T r'~)JT TJ !l,I~ 1123.6tJ+ J/S J~ :~I\TT
:1 ",I" :'J:JJT :>::~ j\jIT LL',JGT!1 :~L = 7~9a27)2:J/~\



FILE: ~.4::1l.1 JJPUT
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Al ~JET CJ~PUTEt :EqrRE. DHAKA V:-I/SP ("

0.83 0.96 "i.oo
18.00 20.86 21.71
68.3, 92.9 107.0
90. t,-'T2 2.9-i"i-.5 ...

JIST ~
T.
TBX
(f.-r3)~
EFFESrrVE
X/_
X1D
HX
'JU~

).)OJ 0.J60 O.ZSO O••SO O.SSO 0.860 1.050 1.250 1.460 1.520
"2.9b "5.51 55.75 64.41 6S.00 69.64 71.27 71.16 66.11 64.14
30.BO 31.44 33.55 35.6S 37.77 3q.99 "2.00 "4.11 46.22 46.86
12.05 1".07 22.20 23.75 3J.23 2~.75 29.27 27.05 19.8~ 17.29

HEAT T~A'JSFER AREA .4 = 0.399~ SQ.~
O.J~ ).)4 0.17 J.30 J.;3 0.57 0.70
J.DO J.86 3.71 5.57 ~."3 12.2. 15.14

153.3 131.4 B3.3 64.3 61.2 62.1 63.1
2a 2 • 3 1 73. 3 1 10 • 1 35 • 1 60 • ~ 82 • 2 8 :f~S"'-'

'JO•• = DLJT (T.-T3)X VS X/L CU,VE ~ F~J~ THE :U~VE WE FIN~ AXIALLY
U'J:~''J;IN~ .ALL-TJ-gUL( T=~r. 9IFFE~E'JCE IN THERMAL FULLY DEVELOPED

:<i:::;IV!i:
IT.-DIU
(T~-rJ~) 2.53 2.17 1.37 1.0& 1.Jl 1.03 1.04 1.13 1.53 1.77

YEAT r~.'Js==~ [JEFF.I'J THE~MAL
FULLf JEVELJPEJ ~ESIJ'J. FHE =

'JJSSELr 'JO. 3ASE) D'J I'JSIDE JIA
A'J) 'J)~I'JAL A,EA

HEAT T~''JS=Et CJEFFI:IENT ~ASEJ O'J
I'JSI)~ JIA.t 'JD~IAL AREA.FHI, =

.("7!'IO;::;::rjTTT1':'!
~'. I ~ "!

12.2~
1.03

lIO.216

285.112

6J.608

9.,+3
1.01

=

6.57
1.06

~UX
,202.810
173.751
110.138
85.055
80.994
82.189
83.523
90.398'
122.~Z6
141.505

J.86
2oi7

X1D~ ~EH P~
0.0000::+0)
:).6524::-J;
::>.2527::-:>3
0.5002::-J3
0.7175E-]3
0 •• 351E-)3
DollS3E-J<
D.137JE-J2
0.1587::-J2
0.1653'0-02

X
D.))
). ) 5
0.2.5
0.+6
O.t>~
0.8S
I • J 5
1.2S
1.!tS
1.52

XI)
'JJXlF~J

:J~ST''JT PU~DI'J; P).E, SMOJTY TJ3c REY'JJLOS.REJ= 0.963E+OS
HE.r T~A~SFE, :JE==.F)~ S~JOTH
TJ3= ~r :u~ST4~r PJ~?r~G PJWc~,HO: 75.~85 ~/S~. M -

1.46 B



110

DATA FOR EXPT NO 3

......;. ',- ~.-,' .~'.' ' ..,. ... : ~. ",- ., '".... ,', '.'L " ,"

"

,-" .. '.-'~',~.,' ..... ,..... "..- _ .•• "t' -r . ,- ",~~.'',' •••,•...' \' " .,...- -,•.•••• ".' .,""..
:.:.•::'.~,:,;'t";.;'y ::,~:':~.~._."(;.~ (,' ;: ': ..~',. ,.-,.. ," ,":' '

• i '_ .... ",' ,~ '.' ."' . .'

~E4 L 0 1,0;,4 K• q F ,V, VF, 11. "" I, i>.;' H, II iJ. F~
) DE ,'J SI)~ ;(1J ) , X II8 ) , p ( ~ ) • ;Y cH , I • ) ELP I8) , ):: L P X I 7 ),F I ( 7.1,FH (7 ),

'.q 1J ) , fW(l' J ) of 3X I1Q) ,J f~ (IJ ) , XL I1J) .X J IIJ ) , ; X I10 ),X~U I lO) ,CCl 10) ,
•~fl 10" {~J( 101 ,XORP H II0 ),X0;<1 9 ),X) ~; (a ),[)P17 ),JX(71 ,D' OK (7 ),DF I I
+ 7) ,JFH(71 ,X) 1 I5 ),)ELP II 8),~r')I? )
JPE~IU~IT=1~=ILE='I,'JnJf'.ST_TJ5='JLJ')
JPE~IU,'JIT=3,FIL~=')UT?JT'.ST_fUS=','JE~')
JATA EX'W,A~P,J-i"'/3.0, J 4,.3.8.75/
)ATA R).,RJ.=/1.1623,1.1~853/
JATA FNJE/17.0711/
)ATA OI,WF,;=,N,,/0.07,J.~03,J.JI5,5.0/
JAT_ PAI/3.141592S54/
ClATA TR,B.~/31.2,760.0/
)I\T4 H/J.=J65, 1.219,1.293, 1.2rJ.?,1.3?1, 1.321.1.321,1.2":15,1.219,
"O.~55/
O~T4 'XI/O.J,O.2S,O.46,~.66,O.8Stl.05,1.Z6,1.451
JAT~ P/15.0,25.J,27.0,31.J,34.J,17.J,iO.O,42.JI
)AfA CP,FK/1.0)659.D.~2727C/
)ArA PR/0.705/
JATA TE,TJ/31.5.0,49.6JO/
J~r4 x/o.O,O.06,O.26,J.4S,O.5s,o.a~, L.O~,1.Z6,1.~S,1.521
04f4 T./'9.99J,52.90,64.14Q,71.52J,72.730,t6.81J,7~.OJO,78.8~J.

'72.470,70.09)/
Q4iA FlTSl/34.5/
J4T4 FFl1/0.J19/
•.• .• ••. i't••••..•. '.:", .• •••• "

c
C

/



F I L ;:' : \~..•:: r ~ 1 UUT"UT
111Al ~U[T :~~?UT:~ :[NTR:, D~AKA J",/SP (43:

=.<D:.~.i"::'~r ~J

<~/5
~/5

SQ. ~"
SQ. '-1
'j

'V5
o

o

=

o 0,.00335
0.0:)358
0.03'57)

= 14.31t675
o 13.0J755

O.06!f17
= l5.8909S

53823.73
33319.05

TW fIPE.'X
cI"l-TU~.,::. hXF

\1 t\ S S F L :J d ~.o.\T E: , "1
~~A~ V~LJ:]TY r~ =I~-T:J3:,VF
~~Y'~)_OS ~J.~AS~0 D~ I~SJC~ nI~.,R~1
~~(\J_DS ~J.G~S~J J~ HY)~~ULI: )rA.,~E~=

:ZJSS-Si:TIJ~tL a~rf JF
:~JSS-Sf:TIJ~~L A~EA IF
~Y)~~JLl[ DIA~~T~~,J~'j=~'. J",LJ:ITY,V

~~I:TIJ~ F4:TJ~ :4L
l.,;(lA.L JIST,X

X/DT ~t:I
O.11r::-D3
0.1 so~:-03
O. ?.:q::--:)3
O.2S7!.:-J3
O.3:)6~-03

l. 46
42. 00
17.00
16.92
14.10
0.0\7
0.0°7

1.25
4J.JJ
15.00
14.93
\4.93
O.OlB
0.00'1

\.05
37.00
12.00
1\.95
14.93
O.O\B
0.009

J,BS
34-.0)
9.JJ
8.96
\4.93
0.013'
0.J09

;or
0.0120
0.0130
0.0130
0.0180
0.0130
0.0170

3\.00
0.00
5.97
14.Q]
:;.012
J.J~':t

=-j

0.0:161
0.0:;92
0.0J92
0.0J92
Q.:L]02
,'l.oon

:).)12
J. J'-:' S

.J • 46
::'"7.00
~.08
1.99

J.OO
0.00

JL~TIC~:
.0:) 0.26

1 .O~ 2:::.00

J'J C I
Ll'-J )H

x: (J I,j ~::: '.~

:" ?>;jS~:- 03
:;. ::S3;~-C)
S • "7 2 1 :: - C "3
J. 8~:;9~-03
(:.IO~)~~-U.?
D .• 122.:-CZ

J • 3"
J • J :i
1 • 2 C,
1 • 1Q

) = '- , ( ',j ",
DEL:> 1 \j

D~L)X
r I ::j." S::)
F-l j.'\S:::J

~

AXI.:..L JiSl,X .:\0
p 1 ,00
r"'I::.t~:i,':~:.IL~:...Df.:.E:SS~P.
~)';,JP, ']"l{X)

JX
DPI);(
;) F r ( X)
0F-,'XI

O. 2 f..•

t.:' .00
r', ? (
'.' .'- '-'
3r.~8
U • l_ !.. tJ
O.02~

27.0J

:: • I) 2'
:; .(~[.

10.I.JO
r;.'"n.2
0.:J06

O.h6
31.0C

4.0J
2.2 C.
~Q.OO
J.:')24-
,10 012

3.0J
0.2J
IS.JJ
o.:n 5
a.G:}=}

I.J6
37.00

3.00
0.20
15.00
D.:J13
J.JJ9

3.DJ
G,lD
15.8)
0.J13
J.JQ9

l. 46
42.00

2.0e
0.20
10.00
:.1.012
C.GJ6

J.JC' 10.00
;J:;:;~S,)U::i:: rJ:Z~p

C'.UO r~.•S9

20.8b
27.00

1.72

\'5.14
22.00

1.3\1.'10

12.00
l •...•l[i.DO':\.(J

'):~:...?lIX)
l).1 ~:::. 'J I r J'~ L i: S S
j;:'/.:: .:".].1 Iff 2.

T--i~, ',~:..L ~ ~SJL T:

.Al~ I'IL~T ~~~? = 31.S~J ~ Ai~ JJTL~T TF4P. = ;~.600 :
~~J!~lTl~~ J~ ~l~ ~V~L:JAT[D !T TC = ~O.6ZJ C
~1~4r r~~JT r: ~l~ -llsa.ISS J/S J' w~rT
iL. -4T I 'J ~lJ.?::'R J'J I T L c',lGT'-1 !)L::: 7 ~13.? S:: '1'/1"1



J UP UI
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Al ~IJET c~~'ur~~ C~NrRE, JHA{4 V~/SP (

1.00
21.71

93.1
12203

0.96
20.86

80.9
106.2

0.83
18.00

59.0
17.4

J.JOU J.060 0.250 0.458 0.55J 0.860 1.J50 1.250 1.450 1.520
49.93 SZ.?O 64.14 71.5Z 72.73 76.81 77.00 78.89 72.47 70.09
31.6~ 32.35 34.71 37.03 39.44 41.80 44.15 46.53 48.89 49.60
18.34 2J.55 29.43 34.41 33.29 35.01 34.84 32.36 23.53 20.49

H~.I I~.~S~E~ 'REA 'H = 0.3797 S~.~
C.QJ ~.J4 0.17 ).30 J.11 0.57 0.70
0.00 J.85 3.71 5.57 7.43 12.29 15.14

lO~.l ~Z.~ 64.9 55.4 57.3 54.5 54.8
13S.S 121.9 .35.1 72.7 ?5.Z 71.6 71.~

01 S T X
I"
TUX
IT.-Iel)X
E'==":'T[VE
X/L
XIJ
~X
~jX

NU" ,,~'LJI (1~-13)X VS X/L (U'VE ~ F{]~ IHE :U{VE WE FIND 'Xr.LLV
U~:~~~~r~J~4~LL-TJ-3UL{ T~~P. Jr=~ftE~CE IN T~~RMAl =ULLY JEVELOPEJ
~=:;1\'L;

(f,i- Ti,) FI
(T.-IdK) 1.33 1.58 1.17 1.00 I.J4 0.99 D.JJ 1.07 1.46 1.68

~~.TI~.~S=E{ :JE'rF.I~ IH~{H.L
FUl~Y )~VELJPc~ ~~GIJN, ~H~ = 55.321 W/SQ.~:

~JS~~Lr ~u. I~ Ti~R~Al FUL~Y DEJ.
Y~Ar T~~~SFcR :JEr-FI~r~~T ]ASED n~
I~SI)~ )IA.~ ~J~r.L AREA, FYI =

{E~rJ~,~u= =

20.86 21.71,
.1.46 1.68:

I ,

253.237

100.602

=
3ASE) J~ l~srD= 01 •

A~EA

J.80 J.36 3.71 6.5:
1.88 l.b8 1.17 1.00

\JLJSS:::L T' \IJ.
• ,~) ~J~I~U

XI]
~jX/F~U

X
O.)J
J.OS
l).2~
O.!t6
J.55
0.8S
1 • as
1. 2 ~
1.4S
1.52

X/Df( <~H PR
O.OOOO=+JJ
a.7137~-0;
:}.3Q:t3E-03
D.5471,,-J3
~.7850E-~3
0.1023E-J2
O.126E-n
O.l<t99c-02
0.17370-82
0.1303=-02

N~X
135.'i8Q
121.R93

85.125
72.726
75.245
71.555
71.?1l
77.~'J7

lOS.Z40
122.257

72ol28 W/SQ. /1 :

.:J~SI.~I PU 'I~~ '),E{ SMDDT~ IU3~
Yi:qn.~SF { :JEFF.FJ{ S~JJIH
IU3i: Al CUN I.~I >U~PI~~ P]WE<.HJ

REV~JLDS,{"O= 0.908,,+05

1.3-15
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DATA FOR EXPT NO 4

~ C ~ L [) I ,"J ci, ~ ~ ; ~ ~ r ,V • V F , '1. " r I • " , H • '19 • F K
) HE 'I SI)'j ~ (1a ) , Xl ( ~ ) , n ( 9 I ,:F L Ii (q ) ,:1c L r ( p ) , ):; L D X( 7 ),FI (7) ,F Ii ( 7 I ,
•q 10 ),Trl(1)) •T~X (10 )•:Jr E (11 I•XL (1J ) • x Cl(10 ),HX (10 ),x ~U ( 101 ,: C ( 1n ) •
q T ( 1 ) ) , " 'I J ( 1) ) • X') 'I. D Ii ( 1:J ) • ~ rn ( 'j) •Xl, -j( 9 ) • 0 p( 71 , 1 X ( 7 I , J D ox ( 7l ,J F I (
• 71 ,') F H ( 71 , X) 1 ( 9 ) , ):: L P1 ( S ) I J P:l ( ~ )
JP~'l(U'lIT=lIFlLc='I~PJT'.ST~TJS='JL)')
J P~'I(U'lIT='I,;:[.L::= •JUT i'J T' •ST~TJS= • 'E ,I' )
)AT~ EX~J,A~~,Ji.\~/~'.O,14.3.d.751
)~T~ ,J~"Jrl=/l.l523,I.ll;971
)AT~ F~Jc/17.31j9/
)~T'JI,d=,~=,~~/~.~?C.C01,~.J15,S.~1
)4T~ P~l/3.l4l~i2~54/
04T~ TR,R,/3l.2,7~).J/
J~rA H/).635tJ.~lJ,O.976,O.6S).O.914,O.?1;,:.839.0.876,O.313.

"J.535/
)~T4 XI/J.~'J.25,O.46,J.66,O.S~.1.~6,1.26,1.4SI
)AfA P/l~.5,19.5.20.a,23.5,2S.J,2n.J,30.0,32.JI
J~T~ CP,c(/l.D),7~,~.C,7460/
)4T~ PHO.7J't/
)4T~ TE,TJ/)1.D~),54.1?01
) A r 4. xI :J • a , j • ;jb, J • 2 t) , 0 • 4~", r'). ~.J6 • o. 8 :) , 1 • 0 S • l. r':' 6 , 1 • 4:> , 1 • ? 21
)Ar~ T~/53.~~),~S.S7,6~.93~,73.b3J.7~.q30,P~.310,?7.760.97.~l~t

'79. ~JD,77.lIJI
Cl•.T~ FDf3114).)/
)AT~ FFll/O.)l"'

\..

C
C

•.. -', ... ',. ,..

". ~,
,.,', :" ..'

'. ',' '. ",,".. '. f'" :'.,. ~. . ,': '.: "



114Ai 3UET :l~~UTE~ :ENTR~, )~AKA V~/SP (43'

[X'~RI~~~T ~J = ~.J :UR~~NT= I~.J. H[.T~R R~SIST'~CE = 8.15 OHM

KG/S
VS

=
0.00385 SQ.M
0.0)358 SQ.~
0.03579 ..."1

= 11.79354 "1/5= 13.00756
0.05275

13.16( ...05
47676011
21210.45

=

=

~ASS =LDN ~Arc.~ =
~E.~ VELD:rTV r~ =I~-TUoE.VF =
~EY~J_)S ~J.3ASE) JIII~srDE DI' ••REI =
~E(~J_OS ~J.BA;~D J~ HVJ~AULr: JrA••~E~=

:~JSS-S~:TrJ~.c '~E4 JF THe TU3E ••X
:~Jss-sE:rrJ~4c '~E. JF =I~-TU1E.AXF
~V)~AJLrC DIAHETER.)H
~EA~ ~ELJ:IT(, v

"

AXIAL JIST, X ).00 ::1.26 J. itS

P 10.50 1:'.30 '20.00
I~:~'C~:~TAL D,ESSUR"
[){):J, J'(X) ?OJ 0.5 Q

elX J.26 0.20
DP/)x 34.62 2.50
OFI Iq 0.061 0.(104
ClH(Q 0.031 0.Q(,2

:.L:UL'ATIJ~:
0.00 0.26

10.50 P.50
0.00
0.00

2.:)0
0.20

10.00
0.018
0.009

2.00
0.20

, '10.00
0.018
0.009

~.6S
23.50

0.66
Z3.50
4.00
3.QS
9.95

J.::118
0.00,

=f!
0.0023
0.0090
0.0098
J.0)96
).)095
0.0094

J.46
2).00
0.50
0.50
2.4?

J.J04
0.002

X/OJ ~Er
O.138~-03
O.I98E-03
O.258E-83
0.31BE-03
0.318:-03
0.431~-03

D~' J I
Q~' JH
X(J'j ~,,~
J.;'72i:-03
0.673E-03
J.933,,-03
0.10,>02
00121;:.02
0.15J::-02

).!ttl

). S 6
).3:>
1 .:J:J
1.26
t.!t6

FU:TrJ~ cA:TJ~
Axr,~ J[ ST.X
P
DEL~( '.1~NATc~)
JEL? r~ ~;/SJ.~
DELPX
Fr 3ASE)
Frl3ASEJ

X

XIJ O.JD 3.71 6.51 ?43 12.29 15.11t 18.00 20.86
OEcPl(Q 0.00 9.00 ?5J 13.00 15.50 17.50 19.50 21.50
OI~E~TI]~ L:: S S. D~i:SSU~~ DR]P

OP/. 5:n.'V= i'2 :).::10 O.?l 0.9:' 1.31 1.57 1.77 1.91 2.17

AI~ I~L'CT T~~P = 31.950: OI~ ]UTLET TE~P. = 54.120
p~JP~Rrl~S J= OI~ E~ALUAT~D AT TF = 43.035 C
fEOT IPUT rJ .I~ 1171.452 J/s on WATT
HEaT I~'UT ''CRU~IT LE~GT~ QL = 774.6394/M



FILE: ~,~=ll1 Jupur
115

41' BUST CJ'~'UT=l CE~rRE. JHA(A II"!/SP '!t~

1.00
21.71
84.3

109.8

0.96
20.86
72.9
95.1

0.83
'18.00
51.1'
67.4

J.aoa J.J~O 0.260 J.4~0 0.66J 0.960 1.060 1.260 1.460,1.520,
53.6J 56.57 6,.,8 7B.63 7,.93 94.51 87.76 37.81 79.80 77.11
31.,5 32.83 35.74 38.66 41.58 44.4, 47.41 50.33 53.24 54.12
21.~j 23.74 34.24 39.97 38.]5 40.02 40.35-37.4826.56 22.99

i=.,r rlA~S=El 'REA 4H = 0.3,91 SO.~
0.)) J.J~ 0.17 0.30 J.43 0.57 0.70
J.OO J.8, 3.71 6.57 ,.~3 12.21 15.14
39.5 31.6 56.6 43.5 50.5 48.4 43.0
11~.6 lJS.3 73.7 63.2 65.8 63.1 62.6

91sr X
HI
TBX
(f.-rBI (
EFFE:n V=.
X/L
X/~
'lX
~UX
NO~ .IE PLJT (T,j-TBIX VS X/L :U~V=. & =~]~ THE :UlVE WE Fr~O AXIALLY
~~:~A~~IN~ .'LL-T]-BULK TEMP. ]I=cE~E~CE IN TH=RM4l FUllY 9EVElDPED

~ C'; 1"1 t .----.-..----..--.-...

(f,j-TBI =1
(T,j-T3() 1.35 1.63 1.17 1.00 1.04 1.00 J.11 ..1.07- 1.51-.-1.74

~JSS=Lr NO. I~ ri~~~4L FULLY DEV.

Ii,

:,.tJ

! ,.
I

I, H
[ j ••

21.71 fY'
,1.74,

I, -

+8.426

88.063

9.4-~ 12.29
1.0; 1.00

= 224.486

~UX
116.~19
106.330
,73.743
6~.lS!)
65.829
~3.~14
02.573
67.~-60
95.J77

10'1.321

0.008."6 3.71 6.57
1.35 1.S8 1.17 1.00

XI); l=-j PR
O.OO;)J::+:))
:J.9751=-J4
0.3712=-3)
0.S70'IE-03
Q.96Z6::-J3
0.1254=-)2
O.15!tS::-:JZ
0.1333::-:)2
J.212C}:=-J2
0.2217=-02

1.ZS
1.!tS
l • j 2

X
0.))
0.06
0.26
~.;'6
0.6:'
O.5S
1.J~

~USSELr ~O. 3.SEJ J~ ,I~SIDE DI'
AN] ~J~I~AL 4RE4

HE,r r~~~S=5l :JEFF.I~ TH='~~'L
EULL' J5VELD"ED REGIJ~, FHE =

X/D
NJX/r~J

HE,r Tl.~S=E~ :JE~FICI~NT 3ASED n~
I~SI)c )l~." ~]MI'L 'REA,F~I =

:J~ST\~T PJ~PI~; P]4E~ SMOnT~ TU3= R=Y~JLOS,~EO= 0.736E+05
;=,r rl.~S==l CJEFF.FJ~ S~JOrH
TJD~ AT CO~5T~~T ?U~PI~3 P)~E~,HJ ~1.381 W/S~. ~ C

:RIT=lI' ~3 = Fil/iJ = 1.43'5
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DATA FOH EXPT NO 5

. ',' ':.:".;,,"'.. '........
,',-." ,'; ;..•.... ~.. '.'{"J;:'" "",~ ,'. ~ "'i.~~",:ft,;.':~l,.'~,-,,~.,,~'.~
: '.' .' ..' .'. ... ,. . "',':" ,." "., .'~:..'.. ".. '. ,

. ,'. . . .~..-."...- ~'-.,~!"'.:;':.-;T",,-;:-r:--:~'~--:~'~-~,"""-,;,,••..:; ..••:--
>.'_ .•..• ~.~~' .•. ,~;;~\ ~~. , :'~, ~.',;:.': .. ,'.
.. ~:,)",:~-:.": .•:'; ... ,'..... ..•. ',:!'"

~E~C 6I;b~,iK~~XF,V,VF,~1.~~I,RrH.B3,FK
JI~E~SIJ~ ~ II0 )•X1( ~ I•0 Iq I•)::L .Y I? ) • ) ELP (9 )•)= L~X I7 )•FI (1) •F fi ( 7 );

'x(10).UIIJ) .T~XII0) .DfJ1I0ltXll 1)) .X)( 10) dXII0).X~:J( 10).:CI10) •
•H(10) ,~~U(1J ),X0PHilO) •XDR (S I,X) ~~ I9 I,OP (71 ,)X (71 ,JPOX (71 ,JF I(
• 7 ) , ) F H ( 71 • X0 1 ( 3 ) ,0:: L P 1 ( 8 ) • ) ?) I 3 )
JPE~IU~IT=1,FILE='I~PUT',STATU5='JLO' I
JP::~(U~IT=3,FILE='JUTP:Jr' .5T~TJS:'~EW')
)AT~ EX~J,A~',Ji~/5.0,14.3,8.75/
)ATA RJ ••RO.F/1.1639.1.113?ol
O~T~ FNJ::/17.49)91
D~T~ OI,.=,~=,~=10.07,Q.003,0.J15.6.)1
DATA P~I/3.141592b541
DHA TR,SH30.8,760.01
DATA H/J.38I.0.559.0.609.D.622.0.S35.0.S35,O.622.).6J9,0.559,

1'0.3311
JATA XI/0.0.J.26,O.4S,J.66,O.BS,1.06,1.26,1.461
)AT~ P/03.5,14.5.15.5.17.5.19.5,21.0.22.0,23.01
)~TA C?FK/l.00S87.0.02753SI
)AT~ PR/0.70~1
J~T~ TE,TJ/32.22J,57.3001
a~TA X/J.J,J.06,O.26,O.4S,J.66,O.eS,1.OS,1.Zb,1.4S,l.5Z/
D~TA TW/54.1?J,57.65.7J.~60,~3.87].B8.3)0,9).S70,~3.0~O.9?~SJ •

•g5.~80,83.1Sll
J~T~ FOT31/44.01
)~TA FFII/0.02ll

L
C
c



FILE:: 1lI,1\=rll JUPUI
117

~l ~U~T :Q~OUT=~ :=~rR=. J~AKA J~/SP (.

~4SS =LJ~ ~"T~.~ =
~o'~ JELl:rry r~ =r~-IU~o.VF =
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