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ABSTRACT

. S8teady state turbulent flow heat transfer performance
of ¢ircular tube having integral internal fins was exXper-
imentally studied. Anrexperimental set-up was designed to
study the heat transfer performance in the entrance region
as well as in fully developed region.

The test section is 1520 mm long, 70 mm inside diameter,
£in height is 15 mm and the ratio of fin height t¢ 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 thermal conducti-
vity and easy machinability., ' '

Alr was used as the working fluid in heating mode and
Reynolds ‘number based on hydraulic diameter was in the range
of 10 to 105. Heat was supplled from an electric heating
systen and the heatlng mode was kept constant per unit axlal
length of the tube. '

Heat transfer data were presénted 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 theoretlcally 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 10 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

Croas sectional area af‘tﬁbe:having;no fihs.

. Flow cross sectional area of finned tube.

Open core free flow area at fin I. D.

;fﬁffective heat transfer area.

5Nominal-( heat transfer ) area.

Inside diameter.

'Higraulic diameter.
. fﬁhmber of fins,
| H;ight of‘fhe fin.
' Width-of the fin.
:ﬁéynolda.nuﬁber.

Nusselt number.

Heat transfer co-efficient of smooth tube.

‘Heaf'transfer co-~efficient of finned tube.

Temperature.

- Mass flow rate,



/o

Total heat input to the air.

Q
Q' Heat input to the air per unit axia1 l§ngth.
X Axisal distancg.
Cﬁ Specific héat of air.
lP_ Fressure,
Vi Mean velocity in inlet section{
v Mean velocity in finngd tube.
" Vo  Velocity at the axis of the tube.
p Density of air,
M Cco-~efficient of'viscqsity'of air.
Y'. Kinematic §isc03ity?'/g/p Arf
k Thermal conduéfivity of air.
F .Friction factor.
I.t Therﬁal entrance length.
Sﬁbsc;ipts.
i Bésed on inside diameter,
h Based on hydraulic diameter, -
o) Smooth tube i.e. unfinned tube,



" Finnea tubs.

" Wall teﬁperature.
" Bulk temperature.
x A:dal distance.

, Constant pumping power.



CHAPTER-T
INTRODUGTION

Héat Exchangers have numerous applications in power plénts,
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,Canada,United
Kingdom,Australia and West Germany etc.

The augmentation of heat transfer performance'of ¢ircular
tubes and annhli by longitudinal internal fins in laminar and
turbulent flow has been investigated inlsevéral recent exper-
iments (1-9). When compared with smooth tube (unfimned tube),
‘the finned tubes exhibited substantlally higher beat transfer
coefficients. :

- 8everal investigations (10,11) were under taken recently to
analyze laminar and turbulent flow heat transfer in circular
tubes with 1oﬁgitudinal'internal fins. The analysis is based cn
the differential equations for momentum and ehergy conser#ation
~ in the flowing'flﬁid. The solutions were obtained by pumerically

integrating the partial differential equations. Experimental
studies have also- been carried out for augmentation of heat tra-
nsfer performance of circular tubes having internal finms, Most
of the research investigations of turbulent forced convection
were Made with fine in tubes and annulus for fully déveldped
region.' S '



OBJEGTIVE

Considéring the application of finned surfaces in a
variety of practical heat exchanger devices, a research .
schelie has been undertaken to study the heat transfer
performance in the developing region of turbulent flow
of air in a circularp 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 asnin_
fully developed region. ' '

(2) To study the effect of longitudinal internal
fing in a c¢ircular tubes on friction factor
and pressure drop in the entrance region as
well as in fully developed region, '



CHAPFPTERS- II | .

LITERATURE SURVEY

With the passage of time, fins are being utilized more

~and more for augmentation of heat trénsfer.'Many research
investigations have been carried out to improve heat transfer
-performance by employing internal fins in tubes. Resesrchers
have been trying to enhance heat transfer in tubes ahd annuli

By (a) making internal surface of the tube rough (b) inserting
- gpiral wire (c¢) inserting 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
't0 enhance heat transfer performance. Many research investigations
have been carried out both analytically and experlmentally on
this topic.

241 Experimental Study.

The work on heat transfer and pressure loss in finned tubes

' began since 1964. Hilding, Coogan and Bargles, et al are 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 Mortom (6) reworked the data of
Hilding and Coogan (5) into the constant pumping power, R5 comp-
arison. '

Bergles et al_carried out sevéral 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



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%.

During 1976-77,Carnavos (8,9) experlmentally determined 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 Woranda Metal
Industries,Inc. Frevious 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 1ongitud1na1 fins. He found
that these tubes were potentially cabable of increasing the capa-
city of an exiéting heat exchanger, at constant pumping power,
by 12% to 66% by direct substitution of an inmner fin tube for
a smooth tube., Table (2.1) in Appendix - A presernts the confi-
gurational details of tube nos. 9,14 of Watkinson (%) end 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 + 6% as follows :

Nu *Hcf >0.1 (

- 0.023 ( Rey )

0.4 9% (secox )2
Pr-*

(2.1)



Pressure data were correlated by Eq (2.2) for Fannlng
friction factor to with in 7% as follows : '

0.046 Age }0 5

. (Cos )0*2 (2.2)

Where (¢ = Spiral fin tube helix angle.

Bergles et dl (4) outlined several practical criteria for
- evaluation of the performance of asugmented tubes, relative to
smooth tube; performance ratios Ry and R5 haverbeen'devéloped
for criteria. 3 and criteria 5. Criterion R3 aims at improving
the heat duty for the case of comnstant pumping power and for
constant basic geometry of the tube (i.e. same.diameter and
length of the tube), whereas criterion R5 aims - at reduc1ng
the heat exchanger size while maintaining the same pumping
power and same heat duty. Bergles (4), Watkinson (3) Carnavos
(9) and others used criteria ? and 5 to evaluate the over all
tube performance. Mable (2 2) in Appendix - A shows the values
of R3 grouped by tube type. ' S

2.2 - ANALYTICAL STUDY.

- In 1979.Patankar,1vanovic‘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 esnd 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



convey information that would be extremly difficult to obtain

_ experiméntally. This includes inparticular 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 fih 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 ﬂeighborhood.

They found that the ﬁeat 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 finite) 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 coefflclent is assumed
t0 be uniform. The tube wall heat transfer coefficient is virtu-
2lly 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) were available.

Prakaesh 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 equatlons.Results,
exhibit the expected large pressure gradlents and heat transfer
coefficients in the entrance reglon,approachlng,asymptotlcally,
the fully. developed values away from the entrance region.



CHAPTER- III
HEAT TRANSFER FARAMETE

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

T

z,1 ghermal'BoundarzﬁConditions.

In the study of heat transfer performance in tubes two
types of thermal boundary conditions may be_eonsidered I

(1) VUniform heat input per unit axial 1ength with
uniform temperature at any cross section,

- (2) Unlform temperature both ax1ally and perlpherlly..

In the present study, we considered unlform heat 1nput
per unlt axial length.

3;2 Dgfinitign'of Farameters.
Hydraulic Diameter :

For internal flows the hjdraulic diameter'Dh is often
used as the characteristic length. It is defined as .

D 4 ( Cross sectionsl area of the flow )
7 ' Wetted perlmeter
_ 2
7Dy

- | S o) |

( Assuming thin fin )



In the present atudy, flns can not be assumed thln and
hydraullc dlameter Dh can be obtalned as follows'{;e

= T . S I

. Reynolds Number :

o 1rf;Reyholdefnumber besedrenrineide diameter_is;defihedl :L
cas I S .

ﬂReynolds number based on hydraullc dlameter is deflned as

,OV Dh

'"'R_e‘h. = : (5.4)‘ :_
'1Pfessﬁfé‘Drdp ana Fenhing Frietioanaetor; SN

'The dlmen51onless pressure drop at any ax1al locatlon x,

o 1s given by the equatlon

-'__-P.,"'f(x). = - or (x_)f / BPV e

-

Cwmere AF = B - P()

“‘W',i
"

[wpreseure:at_ihlet

'_ P(x)' .pressure at-epme axia1'location,.x



The local friction factor based on hydraulic diameter
is defined as

(-2P/x) Dy .
- (36)

=
L]

2pV?2

The local friction factor based on inside'diameter is
defined as -

(-A.‘P/x)'Di R - |
F. n , . (3.7)

* 2PV

Heat Transfer: Uniform Heat input per unit axial length:

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

T, (x) =Tii+Q-x e ¥ )8
MC - L -
b |

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

)

By = Ty Dy Ay

—_(5-9)

Where Ahj n--l ‘(TTDi + 2NH )[::} ' - o .(3.140)
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The local Nusselt number can be defined as

by Dy

ok

Q' .+ 2NH D
Q'/ (D, +aAH ) Dy .

(T, - T g k

3.3 Thermal Entrance length:

 The thermal entrance length, L, is defined as the length
required for the local Nusselt Number to equal {1:05 ) times
its fully developed value. The results at the entrance region
can be conveyed via the temperature ratio,

( Tw - Ty )F.D

Ty =Ty )x

The denominator is the wall to bulk temperature difference
at any axial distance x, while numérator is the axially uncha-
nging,wall to bulk temperature difference_iﬁ the fully developed
regime. Representative axial distributions of the temperature
ratio may be plotted as a function of the dimensionless axial
cordinates (X / L ). The entrance length L, may be definedias
the length required for

( Ty = % )P.D

] . = 1.05
( w5 )x
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34 Heat Transfer in fully developed Region 3

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 parallel), yielding a uniform
value .of (T, - Ty) in the fully developed regime. '

The fully'deve10ped heat transfer coefficient h can be
defined as -

n - 2 (3.12)
4y, Ty = Brop

Where &, = (T D; + 2NH ) o (3.13)
: Q"f " ép (r -1, ) /T ': | (374)

..-Nusselt number for thermally developed regime is given by

Mo e —B | (3.15)

k

3¢5 ‘Heat Transfer éoefficient_ygged:on ;nshgg'dia@ghgg_
and Nominal area : o '

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.Ay of finned tube. The heat
transfer coefficient, h based on inside diameter and nom1na1
area is then related to the coefficient, h based on hydraulic
dlameter and effectlve area by the follow1ng equation glven
below :

ij-u A n ATy = MR AT

Therefore,

Thus, when heat transfer coefficient for the tubes are
_ ported 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.

© 346 Criteria of Evaluating Heat Transfer'PerfOrmence .

‘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 dlrect comparlson the basis chosen is the constant pumnping
power criterion, R5 directly reported in many works and which
is really a most jmportant parameter. '



. -Criterion 3 :

Crlterlon R3 aims at the 1ncrease of heat transfer for
“the case of constant punping power and constant geometry of o
~ the tube ( exchanger ) R3 -can be evaluated .as

L, Dy ?t Rejy e
By = — L 3aD

| iﬁP“mPing power_can be_defined'a§H

]

. ('—3Ar/h ) ﬁ_f,."rullg3_.:tf;" ffigatﬂajf

L i~ CoTx S o
Cm — T T (3419)

R For equal ( or constant ) pumplng power in smooth and
; flnned tubes : ' B ‘
0o ot

'_-Thenefore3




G

. 7_'Reynolas nﬁmber_basedVon inside diametér-for Smpothﬁtube"
is - | - . S

*fReynélds.npmber;baséd'on insidé_diamefer‘fbr,finnéd tube -

Cis o

Re. = -

;lé ;.5__ff 1_,l

* . Therefore, =

Rey v,

Gy

. “:.Re ) ’.:‘.

°ifr.
_From,eqﬁaﬁioh (5,21) aﬁdl(ﬁ,éEj;'ﬁe éan ﬁ:iﬁefﬂ':

B S UL I
“Byo FioBeG = App Fijp Reje oo v (3433)

The relation of Blasius, valid for 3000< Re <107 is used -
to eliminate the friction factor Fid-'in the expression (3.23).
©o elininate the friction fackor #j, 10 The CXpression (2e22)

. 'Blasius relation : - | N
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The expre851on (3.23) becomes

A, (0.079 Reg *22) Reg = Axf F, . Reg e
Therefore;
Re = 2.517 ( Bey)12/11 (Ap /Ay )4/'” (3.25)

The eqnivalent smooth tube Reynolds number can be evaluated
- from the equatlon (3425)+ For constant pumplng power comparison
- experiments will be carried out with fin tube at Reynolds num-
"~ ber Re, if and with smooth tube at Reynolds number Re obtained
from the equatlon (3425)e It is then: possible to calcualte the
constant pumping power criteria, R3 form the equatiom,
hip at Ref |

% T h. at Re.

| op o




CEAPTERS- IV.

EXFERIMENTAL: SET UF AND PROCEDURE

An experimental set up was designed, fabricated and
installed to study the friction factor and'heat trensfer
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’ 404<'Re <'10? The test sectlon air was supplied by a
centrifugal fan fitted at the end of the set up. It was driven
by a 3 phase, 3 hp( 440 V4441 A ) motor. The maximum flow rate
of the fan under frée operation was approximately 30 m' /min.
A flow control valve was installed after the test 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 sectlon (%) Pan assembly.

4,1 Inlet Section :

The unheated inlet section (shaped Inlet) and heat transfer
test section of sasme diameter (70 mm inside dlameter) were cast
from aluminum, The- ‘open end of the pipe would probably act to.
some extent as a sharp edged orlflce, and the air flow would
contract and not fill the pipe completely for a short distance
from the end. Thig effect was avoided by fitting a shaped Inlet.
The pipe and the shaped inlet, 530 mm long,(FPig 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 suggested by Ower and rankhurst'(15) which

is reproduced in Table (4.1) Appendix — B. The shaped inlet was
fitted in the open end of the test section. '
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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 icaat seperatelj and joined tdgether 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

synmetry, it did not effect thermal and hydrsudynamic results
of the experiment. The test section wasg wrapped with mica-sheet

and insulation tape. Over the mica sheet Nichrome wire (of resi-
stance 0.610 ohm/m) was spirally woeund uniformly with spacing

of 8 mm between the turns. The nichrome wire was covered with
mica sheet and insulatioh tape to make it electrically imsulated
by covering with asbestos. The test sections,ﬁere joined by bolted
- flanges, between which asbestos sheet were installed. The asbestos
‘sheet between the'flanges provided thermal insulation for the
heat transfer section. a '

The test section electric heater wasg supplied power by 5 kvVa
variable voltage transformer connected to. 220 V a.c.power through
 magnetic contaetor and temperatureucohtroller. 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 brihg the system in sﬁeady
state condition., It also controls the air outlet temperature.

The electrical power to the test section was determined
by measuring the current and woltage supplied to the heating
element. The voltage was measured with a voltmeter and current
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was measured by an a.c.anmeter. 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-diffuser of cone angle 12° was made of 1/16 inch M.S plate
and fitted to the suction side of the fan. The diffuser was used
for m1n1miz1ng 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 pipe 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 experl-
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 traversing
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 messuring
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 in & 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 V/Vc against log VcD./ is skown. in Fig (5.3).
From Fig (5.3) mesn velocity can be determined with a single mea-
surement of the velocity at the axis of the pipe. Mean velocity,
measurement by ten points 1og linear method,differs very less from
that measured by graphical ihtegration; Table 5.1 shows per cen~
tage of deviation in log linear method over graphical integration
method,

4,5 Measurement of Static Fressure :

- 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). Fipe 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 =n air tight‘fitting into the
plastic tubes which were connected to the manometer. Epoxy glue
(Araldide) was used for proper fixing of the statlc pressure
tappings.
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4.6  Measurement of Tamperatures 3

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

(1) Fluid bulk tempcrature 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 aﬁ 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 seétion. The thermo-

. couples were made from copper_constantaﬁfﬁ?géggggﬁijihgiiﬂ§§ﬁo_
cbuples were calibrated before installation. Thermal contact
between the aluminum tube and the thermocouple junction was
assured by peening thermocpuples junbtion into grooves in the
wall, 1/16 inch holes were drilled across the height of the

fin in 10 cross sections to measure the temperature of the fin-
tip. Thermocouples were insertéd'through the holes and peened
into the grooves of the fin-tip. | '



_ Temperatﬁres were measured by a.multipoints system of
thermocouples connected through ice bath and selector switches
to microvoltmeter.

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 beating circuit was swit-
ched on.

Inclined tube manoﬁeter was chosen on the score of simpl-
icity for indicating velOC1ty head. Water was selected as the
manometric liquid. All the pressure tappings for measurlng _
static pressure were connected to ‘the U-tube manometers. The
readings of veloC1ty head were taken by traversxns pitot tube
along the diameter of the plpe. Then the readings of static
pressure were taken.

The electrlcal current was adjusted wlth the help of . Regup
latlng 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 m1nutes perlod. All the thermocouples readlngs were taken
at steady state condition.
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. After one run of experlment at a parulcular Reynolds
-number the. Reynolds ‘number was changed W1th the help of

i flow control valve keeping electrlcal power. input const—'

ant. AlL the thermocouple readlngs and statlc pressure
;readlngs were taken at every tapplngs along the axial
direction for each run of the experlment. The readings
~ of orlflce meter and temperature at orlflce were also
‘taken for each run of the experlment._l,_'. '



CHAPTER-V

RESULTS AND DISCUSSIONS

This chapter presents the results obtained form éxperi—-
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 compared at both constant Reynolds number and at constant
punping powers o

The dimensionléééjﬁpréssure 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, theh pressure reco-
vers and finally approaches = the fully developed #alues-away
from the entrance section. Friction factor was calculated from
the pressure drop measured from 260 mm down stream of the in-
let plane. Fig (5.5) shows the friction factor based on inside
diemeter and Fig (5.6) based on hydraulic diameter. Friction -
factor for finred tube is higher than that of unfinnedrtube
but slope of the friction factor of flnned tube is very nearly
equal to that of unfinned tube (smooth tube). Friction factor
based on hydraulic Jdiameter of finned tube increases over that
of smooth tube by 48.15% to 100% for Reynolds number range from
1. 56x104 to 4.42x104, shown in Table (5.2). Friction factor
based on inside dilameter of finned tube increases by 220% to
351,6% over that of smooth tube for Reynolds number range 2.66
x10* to 7.86x10%, 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
 frietion factor wés calculated to see the distribution of fri-
ction factor along the length of the finned'tube shown in Fig' 
(547)e Fig (5.7) shows that 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. Pig (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 (T - Ty ) as expected for constant heat rate.Just
~up stream of the exlt 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 increasee, 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.b
/(Tw-Tb)x along the length of finned tube,for different Reynolds
number ratio Nux/NuF.D along the length of the finned tube.Star-
tipg with a maximum value at the inlet, the distribution drop off
with increasing down stream distance rapidly at first and theh
more graduually, 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 1ift 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 along 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 10% and that of smooth
tube for Reynolds number 5 x 104 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 Nux_/NuF p = 1:05,has been calculated from
Fig (5¢15). The thermal entrance length is 5.2d for Reynolds
number 1.56::104 and 6.25 d for Reynolds number 4.24x10& The the-
rmal entrance length for different Reynolds number,obtaihed 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 nmumber 5 x ﬁ04 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 transfer) 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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correlation are 6.27% to 14.98% for Reynolds number range
from 1.56x104 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 flnn—
ed tube exceeded smooth tube values by 97% to 412.2% for Rey-
nolds number range from 2.66 x ’104 to 7.86 x 104. The heat
transfer coefficients for finned tube were in the range'ﬂ.97
t0 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 much above the smooth tube curve sho-
wing enhancement of heat transfer due to fin effect.

When compared with a smooth tube at constant pumping power
and constant basic geometry, an improvement as high as 52% was
obtained in heat capacity. Constant pumping power performance
ratio, R3 is shown as a function of Re, in pig ( 5.21 ). Ry = by,
/hop are in thz range of 1, 3% to 1.52 for Reynolds number, Re
from 4,49 x 10 to 1.19 x 10”. Table (5.8) in Appendix - ¢ shows
the comparison with previous work. This work result is close to
that of tube no 9 of watkinson et al (3) and show difference of
6+5% to 13% only. Table (5.9) shows heat transfer performance
ratio at constant Reynolds number and at constant bumping power,



CHAFTER-VI

CONCLUSIONS

Steady state turbulent flow heat transfer performance
of eircular 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

(2)

(3

(4)

(5)

(6)

Nugselt number is large in the entrance region.It
decreases with increasing axisl distance approaching
asymptotically, the fully developed values.

“Nu

For fully developed region, the slope of —34 V8 Reh

o

curve of finned tube is very nearly equalPrto'that of
.smooth tube.

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%, |

Based on inside diameter and nominal area, heat
transfer for the finned tube exceeded squth tube

-values by 97% to 112% for Reznolds number range
from 2.66 x 10% to 7.86 x 10"

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

When compared with a smooth tube at'constant pumping
power and constant basic geometry of the tube an impr-

ovement as high as 52% was obtained in heat capacity,
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Criterion'R3 = hif/hop are in the range of 1e 36 toj1.52
for Reynolds number, Reo from 4,49 x 104_to 1«19 x 105.

(7) The results exhibit the thermal entrance length increases
' with Reynolds number. The thermal entrance lengths were
6.25 d for 4,42 x ’IO4 Reynolds number and 5.2 4 for 1,56
x 10™ 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 frictiog factor is high

oaching the fully developed value,

(10) PFriction factor of finned tube based on hydraulic'diamefer
is higher than that of smooth tube and in the range of 1,5
to 2 times the smooth tube values. But the 8lope 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,

Eitension of the Fresent Wwork :

With some modifications of the experimental set' up, the test
section can be replaced by another one of varyipg tube diameter,
tube length, number of fing, fin height etc. and more data can

be obtained to analyse heat transfer performance of tube having
internal fins,
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Experimental Set-up

1.

2e

5

4,
5.
6.
.
78,
9.
10.
1.
| 12.
13.

140 :

15.
16.
17
18.

19.

20.
21.
22,

23

‘Shaped inlet
Traversing pitot
Inclined tubé manometer
Ice bath

Selector switch

Microvoltmeter (DVM)

U~tube manometers

Variable‘voltage tranéformer
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Voltmeter _
Temperature controller

Magnetic contactor

~Bus bar

U-tube manometer
Orifice meter |
Heater on off lamp
FPressure tappings
Therﬁocoupleé

Flow control valve
Flexible pipe
Diffuser

Fan |

Motor
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Experimental Set-up

Plate 4.1
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Plate 4.2 DMeasuring Instruments
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Plate 4.3 Voltage Regulating Transformer and Panel
Board for Electrical Heating System.



- .
. L -
.
'
‘ . - s N
. . . , .
'
g ' .
.
. . '
'
. . . f .



69

Plate 4.5 Two Halves of Test Section. -
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APPENDIX - A

Table ( 2.1 ) &  2abe viacnsions,

lydraulic uvia, By

tube lo E 9 B m g 16 g 24 %
ieference (3 3 9 . 9 - Present uork
I.I.'U.be Cale PRI ' 1120? /]5-9 90‘)_’) 25-4 96
‘ube I.D. mol 1003 13,9 7.0k 23,8 70
sin Pip viawsctor ma 7.75 10,9 3,18 19.8 40,
No. of I[Mina 10 10 6 - 16 6
llelix wngle 0o o0 0 20,0 0
Actaal IT ) - — .
hrea Axf‘“f .- 7566 137 3344 A5 3598,5
Hominal [low X " .
Arce, A, 5 ol 8%.1 151 45,9 Ha, 384845
Core I'low .

-A-I'ea.' _A\{c a9 .un 4‘7-2 950? 7092 309 1256-6
Ao /A 0.886 .907 0,728 0.9%6 0.93
Ayr / Ay, 1.56 146 4,22 1034 2485
froah uqean /aw PV G703 508 132 399.9

. Nonminal heat trwnmafer . e e '
" irca, A. uq.uu /g 223 436 24,0 a7, 219.9
AL 1,67 1.55 2,12 176 1.82
5.45 8215 240% 12,6 35479




Pable (2. 2 )

2

Jata vomparison,

fef .

Cube _ - moynolu.u luabers, 1{063,
" Ho

W0t zumadt :ﬂd“l;.1'105

 Reucxk

ol
g
1%

14

-+ Ho duta

o data

io data

 Ho data

1031

1,11

1.1

o data

-

L .
W
U

-
. -
e
A

o data

- Water

Vater

Watcr '

‘Vater

Adr




APPENDIX ~ B

'-,x/ﬁ

7%

x/a

‘ y/a.

%/a

y/a_

o xA

A

0.218"

95010. '

0.359 0.5

-0;057

0.438

0 . 094' )

Co-ordinates fTor shaned inlet

0.109

0,007

0,001

0.266 .

0,019

0,406

0.091.

0,391

0,347

0,002

0,156

0,003

0,004

0,203

0,008

ok

L 0.01}8 -' .

0,455

N
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" lable ( 4.2 )

1. Fan : _
CCapacity . o ' 30" Guen / .min
Presosure | P ’1,25-lmm' | of wdcér
P : 3
I’l'msé i 5
.Cﬁrrent | 3 - 74;’1 A "
Voltugo L g0 v
2e ‘omperature Uonbtrollur é.
ftange , - - : : C=200 ¢
input Volta_c . -: - 220 v
3. wlectric lealing: syvstem
licater ncuiu'l;m'lc& _ ': 8475 Ulm
In.u:;.mum voltage : 220 Vqlts
Ihedman current i 25 A
Power | | s 5¢5 KVWe



7

"Pable ( 4e3 ) Location of Heuswring points for the Loy
' SRR ~ Lincar Method. ' ' |

Wunber of measuring § Distunce form vwall in pipe diamecters.

points por diwsetoew

A 0,03, 0,290, 0,110, 0,957
6 . ;'50.032

& 0,021, 0,117, 0,184, 0.345
“ - 10LBE5, 0.816, 0.883,-0,979

0.639, 0,783, 0.847, 0.923, 0,981

0.135, 0.321, 0.679,0.865, 0.968




APFPENDIX -~ C

TM.ILL'. 5.,l :
ixpt. Mean Velocity Mean Velocity % of error
Noa. v n/s vV  on/a in Log Linear
By Graphical By Ten points Log| Method. . '
Integration linear lothode '
1 19423 19.32 0.47
2 18441 18452 0457
3 17.85 17489 0.22
4 1719 1729 0.58: °
5 16.%9 16,51 0,68
6 a5 G2 0.82
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Table Del comparison of fiiclbion faclor of finned -
. par .

o

tube based on hydraulic dicweber witl -that of suooth Tube.

friction Luctor

- Iixpor— | keynolds Incrcase in
Hosg. e . : S : ——— | factor ovcr
h bh ro bo

. _ "l smooth Tube,
1. 44210 |- 0,008 0.,0054 | 1.48] 48.15 %
24 3.64x10% | 0,008 0.0057 1.40| 40,35 %
3¢ | 3e33610% | 0,009 0,0058 1455 55417 %
e l{. e _ . P i ~ry o ’
4y 1 2472x710 0.0096 0.00G71 Fel?7) 57438 %.
50 2.23c10% | 0,01 0.00G5 154 53,38 %
"G 1.5610% | 0,014 0,007 2.0 |100.0 %
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Table (5.3) Comparison of friction faétor of finﬁed tube
based on inside diameter with that of smooth

tube ..
Reynolds " Friction '-Friction ' F,o " Increase
Number Factor of Factor of — in
Rei - Finned - smooth Fo Friction
Tube Tube . - ° o factor
Fil‘ Fo E - - over
' smooth
- tube
7.86x10%  0.016 0.0047 3.4  2u0.4%
6.46x10% 0,016 0.00496  3.23 = 220.0%
5.88x10% 0,018 0.0051  3.53  252.%
4 77:10% | 0.019 0,0054 3,52 . 251.9%
3.88x10% ©.  0.02 0.0056 . 3.57 257.1%

2.66x10%  0.028  0.0062  4.52 351.6%




Table ( S.

81
1|.7 )

.f_izmod tube.

Cwstiwate of theraul “hmbrunce Length of

" Heynolds lhumber, 'u'oh

Thermal

—ntrance length, Ly '

1.56
2423

3,60

4 o402

x’lolq'
x 10 4
x 10 4
x 10 4

502 4
594
6150
6.25@)

finned tube bascd on Inside Diaveter and NHowinal

area with that (f smooth_tubs xit:ﬁgﬁ%ant Reynolds

Cowparision of licat Iransfer Co~c¢fficient of

. number,
{teynolds number éﬂeatl Iransfer J lieat Transfer R
' Leg co-cfiicient E co-cfficient | b e
IIoi‘ finned Tube § of’ smoolh tube h
, g | o
| Bif , =N
w/siqun °C % W/sg.m ~C
7.86 x 10 % 135413 65467 2,122
6446 x 10 ¥ 110,22 54.5 2,02
5.88 x 10 4 100,60 50.94 1975
. . | ' |
%477 x 10 * 88.06 43437 2.03
5.88 x 10 % 7he59 56404 2404
566 % 10 & 57436 27,67 2,07
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Table (5.6) - Comparison oleusseit Numberrbased on inside
diameter and nominal area of finned tube with -
that of smooth tube at constant Reynolds number.

Reynolds rrrNusselt ' Nusselt g ' Percentage
Number = Number for Number for - increase of

Rey ' finned tube smooth tube ~  Nusselt
o Nu, - Nu - ~ bumber over

smooth tube

7;_86&10% oo 165.07 | 11'2..2_7\% .
6.46x10* | 285.1. | | | 150,99 102.21%
5.88x10%  258.2 13077 . 97.45%
‘4;77x104 2 R 1M0.5%6 dog.oe%

- 3.88x10 189.3 | - 92.98 o | 103.5%

2.66x10%  awze 69.25 . 107.36%




Table (5.7)

83 :

Constant pumping power dompariéon.

- Fin tube Equivalent  Heat Tran- Heat Tran- ] Criteria,
Reynolds smooth tube sfer co- sfer co- Ry =
number - Reynolds efficient efficient h.

Re; number at © for fin. for smooth - Tif
' constant tube tube at h.op
pumping h, constant
power w/m2 0a pumping
Re ’ ‘power,
,hOP
7.862x10%  1.19x10° 135.130  88.923 1,52
o 4 . " ) . ' o
6.46x10 9.65x10, 110.216 75,085 147
" 4 ~ |
5.88x10 9.08x10 100.602 72.128 1.595
4.99x10%  7.36x10% 88.063 61.381 1,44
, g ool
%.88x10 6.0x10 74-.588 - 52.311 1.4%
4 4 .
2,66x10 4.49%10 57.363 42,052 1.36




Coss

' Table ( 5,8')"‘Dat§ comprison with previous work.

. Ref.. Tube . Ry = hif/hqp at diffe?gnﬁ"'
. - No. ~ 'Reynolds number Re . .

! T . - .
10*‘,'.2-5X104‘- 5x10* _‘;105. ‘_

© ' work

'3 9 Toadata . 1.67  1.48 . 1.32  Heating

©3° . 44 Toagata 0,95 ° 1.1  1.00.  Heating
| | | - S PR v £ A

g* © M . Noaata  1.25 - 1.28 ° 1.28  Cooling -
| SRS | o iy

9 24  Noaata 1.65 . 1.62 . 1.53  Cooling .

 This - ‘-_-_ .2No data No-datar;:ﬁ.39;'  1,4§ fti Héating.l‘

_ . Obta.i.n_e'd' from -_-C.arna‘\-ros_ 9).

_Reharks'f '



- fable (5.9)

Reynolds - At comstant

" Number, - .  Reynolds
" Re, . - Number,
hi &

——

k-

At. constant
. pumping

power, -

Cme

Bop

s.eext0t . 1.9

ua6x10t 302

Cogweex0t . 202

RS

1.395

447

71,52 ;.
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Table ( 5.10 )

| 'fReyholds 
‘number - -

Nu

0.4
'rr

 £7;7'

This work

Carnavos .
correlation

PéfcentageL

_ of varia<
tion from -
"'Carnayoszf
correlation

‘i%, '

l4oﬁ2x40#’l
3-$4xﬂb4‘
st
-52;72%104--
 12.2§xﬂb4. :

113,233
92,2
83 .51

.l72;65,

46,48

h 98;48'-”
.'84.33

:78_':58:.
'—66.85}‘  -
'i5§f99:f"

5278

14,98

9,33

':6.27
. 8.68
S 7.6




APFENDIX - D

. SAMPLE CATCULATIONS

‘ Ax = ——E—— o= 0.00385 ’ Sqe0. o

Axf= ( 110§ /4 )f.wl}I.N o

no

 0.00358 sq.m.

. ':.ﬂ:Di +2H N = 0.399m

"

"Ezgraﬁliclﬁiameter. |

D = X - o
ko ' TTDy + 2HN .E

-=_: 0.03579 m.
| -

'--peteﬁmipaQQOn of Meén VQ;pciﬁx;

' The velocity was calculated form,thé rélation, o

N T R P
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CIf TV is “&o' be m/s ' =1‘3’)‘11111'5'1: uo : c:-apréf-'s-::'c_,d_ in kg/n> ond

'A-P1ianaScdla ( N/ m )o It bois the ‘velocity hoed ep=

0 omGhsed in cm of water,

BP = Y4 xhmPa . (De2)

adspheric propértics gt sde level are

Lok

'&;'otﬂ qud A

o oo S.GUI“G Jr 760 mm g
. ..f'nr e e P =0
Temperature ¢ 15°C .

donsity, v 1225 kg / n

'um" tmj ol,uo“‘ h(_..lL“.h (e ure t C and pro'.,u;e b mm IIg

the value nf fedon: _L;_/ in’ ullohrams pcr cublc m*t,cr 1.;
i S 288 . b
= ’1;,?25 j.' —— X
7)+t :.760

. 32?3+t7 S

w

".hﬁu‘b:s‘titﬁu]ng (n = 2 ) and (D-) ) in (D—’l ), ‘

v 20. 56 222—— ( h )/é  *‘, ‘,.;;?; ] ('5-4 )

‘ﬁ o
‘n

20, 56 ( —ilﬁﬂi ) &

=
=
ol
H
Q.
Q
H

“ho= VoLocﬂ:,,r uea\,.., ca of water.
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Room temp, t = 30,0 ¢

'zﬁtm.pressu:é,' b =,?60 1 ﬁg;

Moasuromoﬁt,df ﬁoah velbciﬁy by Ten bbipts'Log Eincar,,i

‘metiod is"givenl by, | |

Mean velocity, Vi-=1%-é ) (h,%l - hé 0 heene. jhfo:) o
V,=18.76m /a3

. Masa Tlow rate, M = pA‘x v

-

=, 0.08423 md /8 S

v ';—.'Fl\f#-

=20,62 m /s e

‘Reynolds MNwabers .,
Ro; = 78615.9

Bep e AH190.28



0

' TFriction FacLor:

Local friction factor based on“inuside diameter is

SoAven by,

".Ei_:"-:- 2P

'.-?: ';’37.075656 X'%of4:'('_¢A?/xu) E :  -(fb‘Sg)‘ ?';  E.

- Local 7P friction factor b.sed on hydiaulie diancter is ..

'inon'bj,'.
(£ ARX ) D
2 pve o

= sersoe x107h (- ARsy s (pesy

x .. to.o b2 § 0:46 §0.66 §0.86 §1.06¢1.26 1,46
,:'P-(x)mm,of wvater O 50,0 “5350. - 59.0  '65,0‘_ 69,0 73.0 77.0
'«ﬁéi’mm'of vater S 3.0 9.0_"%5.0 ‘ 19;0'»25,0; 2?.0

-aPinigm® 12,99 8.96 14.93 18:91.22.9 26.86

=aR/ax . an95 o4 2489 23,64 2.9 224

B 00011 0.0%6 0.018 0.017 0.016 .0%6
R T 0.005 0.008 O;ng_iotopglo;obao.oos
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lleot Transfer Uoleculabion :

o = 30038 °C.

__Propéfﬁieﬁ-cf Air are cvaluated atb 510;147K‘ :
U 1200636k / kg °C .
ko= 0.026998 w./m°C.

16,704 % 107©  n2/ 4

a ' m 1.1%152-_kg‘/-m5°‘ B
£ T e s e
Tobul hedt in  put Go the air, .
e =me, D, - )
= 1151.88 J/8. or att
. Q-::?  = heat input per unit-dxi&illongfh_ -
= 757.82  W/me
‘The local bulk tempewature Tp- (x) of the fluid is, -

]

Tow. = T+ -
< Ry
o ‘ D

2001+ BSR L ewe (D7)
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Local heat trwnsfer coefficient is given by,
. .
¥ & O
s = o .
Oy = Ty O A3

(757.82
( Ty = Ty 05053999

(D, =0

/]892.0222 . 1'_! Z m2 oc . ‘o..
W b %

by

Local Iusselt nuwaoer is,

h, D,

T, = ‘% . h
| k

= 1326 n 7' T e

(-8

¢ -9 )

§ 0 go;ocgooee go.;us §0.66%0.86 ! 1,06

g i

1.26 % 146 g"l 52

Tox
(Tw_Tb)x
b

Nu,

39.76 42,0  50.86 59.16 G1.71 63450 ©4e39
70,30 30,88 32.67 3445 3G.24 38.03 39.82
Goli2 11,12 18.20 24,71 25.45 25.47 2457
201 70,4 A0k 767 | Pt Phek 77,1
266.6 226 138 101.7 .98.7 98.6 102

64425 50411 58.79
41,61 43,39 43,93
22464 16,72 14,86

83.7 113.3 127,5
111 150 169
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From the graph of ( rfw - r'Db)x va x /L, fig ( 510 ),

(T, =Ty dpp = 2545 °C

Fully Developed heat transfer coefficient,
. ,
Q

A = —
Ay (T b)FD

= 74.31 W / sq. m °C

Fully developed Tusselt nwrfber,

. "D _
Mu = 20 %4513
k .
T g 0.0 %o.m -%0.17 % 0.3 g 0.43 g 0.57_% 0.7 E 0.83 .-%‘0.96-3'1 0
T, -1 ' - '
”(?I'“:Th)illp' 271 2.29  TJ4 0 1,05 1.0 1.0 A0 1413 1,55 1.72
]{/D . 0.0 0¢86 5.71 6.57 . 9.45 12.29 45044 18.0 : 20.86 21 .?1
N'LIX/NU.F D 2.?1 2.29 194 1005 /I.O ’].O -1OOL!' 1.15 . . 1'55 1.?2

Heat Transfcr cocfiicicnt based on inside diwaocter and

nominal arca,

R , ) h . ! -
hi.f = _._._.A_..I_l._._._..... = 135,13 W / m2 Og -
A : ,



' arca,

| Husselt number based on inside diamcter and nominal - o

- Constant pumping power iesult s

.
Y

,_GonJUunt pumpln' pO'Or ,1oobh Lubo LOJMOldu nuzber lu”:‘ :
lvbn Ly, | -
N A2/ lwﬂﬂ -
: Bey, o = 2 )17 ( hcif ) / _ _

( JLJCf li“'/ A"O
e 1419 x 109

. i'or cmooth tube,

o. 025 ( o, ) 8 (e YO

n

' Nu0?

= 229 98

t ulanufcr coc;f101ont 1or gmoobh uube at nO 1 19Yﬂ05

i hpoab Ry

3 A!f. B atIw,




APPENDIX - E

Calculatlon of Local Nusselt Number for Smooth Tube
in the Entrance Replon :"'

: We_éQnéier'the témpératuré1profilé,isfdévéldping‘;
‘but the velocity profile is already developed in the

' turbulent Tlow of air. The follOW1ng equatlon for con~"

' stant heat- rate, dlscussed at 1ength in kays (18),-
- d1rectly appllcable. ' -

| Nﬁg-, ”F Nu

hm Y

"x/;"-'

RQ-PT_

Where

'fFofiPr =- 0;7; Re =5 xfﬂof-‘

-J? exp(-% x* >) ey

] a,‘-*‘\-



- 9%

Elgenvalues and Constants are obtalned from kays
(18) -The’ local Nusselt number have been calculated
from the equatlon (3—1) and wrltten in the Table below

_  x/ID,

,quf-

0;06‘;

. 0.26

a2

0.857
37

' 6.57

18.0

S 12.29

2.7

‘.#.9#40“?-
|zt
5,j‘? O2x10 % -

e .cggxaa-_z.

t.24x1077

e
:17§.4
oy
_%2947a
.124;5;'
f{18.17.".

117,02 -

T

4
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424T FIJITIAN 4l BUST Z2WPUTER CENTRE. D44KA yM/SP
MafTZUL 4JQy STUDENT U7 e50. THGG. 1k
PYI53AM FIT ACAT TUAMSTER CALZULATIIN OF THE THESIS 4r
"5TJIY I° ucar TQA\SFL? DF“FWQ'A E jF TJ%E 4av1w, ivrczNaL "iys" HE
: : . . ,‘ o Srog b e ey ! a4 \.'.- SqE
NJME NCLaTURE usun TH chDUTLQ R raw ) FXP PIM NT- un. 01' 815
LY ZIRISS-SECTIONAL AREA JF TU3E WITHIUT FIVNaes S53aM HE
8x= =22SS-SECTIOMAL AREA 1JF TUARE HAVING TNTERNMAL FINS.S53.M HE
a1 SINSIDE JTAMETER JF Tu3=, M ‘ HE
D4 =4YDRAULIC DIAMETER 35 TUE, M : 4c
a4 SEFFECTIVE HEAT TRANSTER aaEa IF FIN TU%E PER UNIT LENGTH HE
=PAL. DL+ 2 NFIHAF Y, S3.M 4E
NF =NJ 17 FINS : - HE
HF =HzI54T JF FINy M HE
WF =THICCNESS JF FIN. M E
2 ZJEMSITY OF AIR AT 2370 TE4P.s K3/ZUWM HE
RINT = ' " AT AVERAGE RULY TEMP NOF FIN-TUBEs K53/CU.M HE
TR =RIM TE"”’-’ C - AE
a3 =4THMI?HEITL PRISSUTy MM IF H3. . 4E
3 =STATIC PRESSUIT AT aXIAL JITSTANCE Xy MM JF. AATER - S HE
H ©OsWELILITY HEAD oMY OF AATER ¢ HE
AV ={INZVMATIC VISCUSITY JF Al X 10;&5.. $2.4/5 . - HE
134" =JENSETY JF AT IMN FIN TUBE AT AV. BULC TEMP.y C e
304 = on " " AT RQODM TEM?,., C =
P 2SP. 4ZAT OF AIR,XJ/KG'C . - e £
F< =THEIVAL CONDUCTIVITY 2F &I, W/ 'C_; | HE
5% =ORANDTL NUMIER 0 a1z - [ o oue
v SMEAN VE.OCITY a7 IMLET T2 THE FIN TUSE. 4/5 AE
Ve SMEAN VELDJCTITY IN =TY TU3E, M/S o +E
v =MASS TLIW aTE, €G/S ' o THE
1T S2TYNILOS ND. 3AaSED JY TNSINE DIAMETER . HE
EAH =2TYNILDS NJ. AASED OM UYDRAJLIC NIAMETER _ qe
162 SCUIVALINT REYNDLOS N3. T3 SMOITH Tuss AT CONSTANMT ME
DU ING PIAER ' ) . AE
Ky X1 =aXIal DISTANCE IN o ' : " HE
JEL A sPRESSUII DROP AT DIST. Xe MM IF WATZR 4E
JELP =PAISSUAE DROP AT DIST. Xs X5/50.M ; e
370 DIMENTIONLESS PRISSURS DRIP4 DELP/0.S RIWF VR 42, H&
JELA/X =PRISSJAE DAGP PER UNIT LENSTH AT JIST. Xe K53/50Q.M v AE
b =PLI)-2(1#1), INIREMENTAL PRFSSURE .DRIP 4¢
IP/IK =INIREMENTAL PRESSURE P02 223 UNITI CENGTH, HE
SIPEIY-20T L))/ (X(I+1)-%X(T)) _ . 4E
JIFT =FRIZTION FACT33 aT DISTANCE X(I) 34SED DY DI _ HE
JFA = " . " "o -Il . " 912 ] HE
=1 =T2ICTIN FACTIY 3a4SETY 24 INSIDE DIAMETER JF TAE TUBE DT 4E
= |: I 1L = L] L " 1] L13 " n " _1 E
P = " " " " AYDRAULTC DIAMETER 4E
2 =T3TaL 44T TIMPUT TJ A2 J/S IR W 4E
L =HIZAT IN®UT PER UMIT LZMGTA JF THE TUBE. H/H 1
5= =412 TEMP. &T THE ZNTIANCE 2JF FIN TU3E IN * C - HE
T2 SAI2 JUTLET TEM2, Y *C e
Tw =daLl TCWPExATU-r IN DSIREC ZSNTIGRADE , : HE
T3 =YL TE4PERATURE 2. “45
Tix SRULC TEMPERATURIE aT axIal 7ISTANCE X *C 4E

FUF31 =DIFTZRENIE BSTAzIN SALL Tvp. AND BULC TEMP, IN THERMAL als
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it

als NN e N EE R e NeRaNaNalaNal ale

ey

10

13

99

AcaT FITey A1 JUET LOMPUTZ2 TINTRIZIe DHAKA vi/5P

SJLLY DEVELIPED REGION.
X =L3Za. YEAT TRANSCEER JJEFRIZIENT AT AXIAL JI5T. X

EAT =4z AT TANSEER TOFFF, [N THCRMAL FULLY DEVELIPED ESIIN
" ODASED 3N EFFECTIVE 47aT TRANSFER ARFA.

41 S AT TRANSFEY TOEF. IY THEZMAL SULLY DEVELAPED REGION
TASEDY IV OINSINE DIAwETER £ VYIMINalL AREA OF THE TUBE.

41 =4I AT TTANSFER IOSFFerJ SMIOTH TUZE T CONSTANT
DIMIEING POWER ZOUIVALENT ITYNILDS NJWpED

NJX sL3Z4aL NJSSELT MO. AT AXIAL DEST.eX

=N =NJSSILT ND I THTRMAL FULLY NEVELIPSZY IESION.

:\QJI - " " [L) (1] " BASED DN )
INDIDE JIAa“eETER ANMT NIMINAL ARCaA.

23 SCONSTANT PUMING PIWEY ZQUPARISONe FHI/ZHD

: e L 1 [ l...".' S "".'.A.l.'.u- [P LR £ L X

Q"ﬂ* DIy}HyAK75XF7VvVF7M'RCI QIH-?“ rK

JIMEMSIIN 4104 X1EE) 2 (2} 2ULM{S 9 STLPEF )9S LOX(T) o FI(T) yFHIT s
UL TACLS) o TRXULI0Y e DTALIS) o XLU13Y s XOL1T) e HXLIDY» XNIJ{1D)+2C0(10)
HT(lﬂhi\lJ(IJhxDFﬂd(l"lvKDRl"HvXN-II:B)rDP(?)ﬂxl?)o)f’DX(ThJFI(
FTI IFHITY 4 XDLL3) 4 DELPLIB) 2PN 2)

32 TNIUNIT=1, FILZ=*INPUT*,STATUS="ILD" )
IPIN(UNIT=3, SILE="UTPUTY s STATIS= 1IN

JaTa Exun,nw>,34W/1 Ovl&adeR.T7/

JaTa RIAIRIAT/1wlE5%ela 14152/
DATA FNJS/15.47253/7 i

IATA DIs W= 99 NZ/0e07,0.003,0.21506437 e
JaTa PAI/3.1415792554/ : ;-
alTa TRAA/3D.0,762.9/ ."-- ’

YATA M/le47392400792418492423342431192431102, 235. 286924159,
I|1 T')'l?/

JaTA X1/2e0143a539 0461 eb0eDs2%9 1025012 591.46/

FaTA F/27ed00000953aD45%e3e55¢090567:0¢73.047Te0/

IaTA (2, FX/1.00536,2.026998/

JIaTs P?/;-.,5/

TATA TEeT3/32.351443.520/

a7 4 X/S-'C‘OS-QFJ’3-25!0-‘15vr);0‘31 8531 e85 r]leZ2brlattSela52/

DATA TA/39eT52942e0095008060¢57¢1533612a7059634500964e39696642500
+50.118958.795/
JaTa FOTRL/A25.5/ _ v
2aTa FF11/70.0167 R

=PALT DI 242) /4.0

AALTEL3)F)EXNT a2y THM :
TOIMATI2%,y TIKPCATMENT ND =" LX el el 92Xy CURATNT = 91X eF4ulyl Xyt
$7K g " HEATER TSISTANCE = 41X, 5.2y LXa " JHMP 2//Y)

NUITZ [3,12)4¥

Z33vAT(4Xy 22355 -SELTIINAL ARER 07 THT TUBE,aX* 94Xe'=" yFFa5e2Xe
thr;)..qtl

R )

AXTZAX-AF-HENT

WATTS (3e12)ax"

Az 440  AXF/{P AT D142 HF NF )

WRITE(3,23)24

TURAATI4X, " 223055 -5SF0TIOYAL A2EY JF FIN-TUIFAXT? 43Xs ="y FI.5¢2X,
mrSg, )

L

Aty

RS o S T WA NY TR WA ol VT SN W VU T S0 s cuis iV SN Vs Oy KN (R I Ol S M it S AR S Y PRSP WIS SN M iyl K SRR S I Sl U N W O S P S mit S S Mo s
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23

46
47

11

@2

333

el %]

100

49

i
i

CFUMAT (49X, *MASS

100

4zaT. F23TRA4 4l DUET

A 2T3+TR) /B 5

< £ )1
TR T TR
n-—nJﬂ
LI oo I ]
\Oo
< O

—

(atli"d 5eHIZ)
+‘30.5+4l?)L= 5eH4{2)+
ARTTE(3,33)¢

CAVITE(2,43)0

SUCMATI 4%, *MTaY VELNCITY V',
SOAMATUZOX 0 422X =7, F 2, 5)
A455 FLIA aTEg4:
M= JAd-AK TV
NRTTZI(3444%0M
FLIW RATS 4+,
MIay VELIZITY IN FIN-TURE,VF
VE=J ' AX RIACAYE ZOAF)
WAITE(3445)VF
E3TAAT(4Xs " MIAY
TIYNILDS NJYRER
LEYNILOS NIURER
NJT=MIET/100000 .
z:r:v:31=1033:oa.o/qur
{:4=JF“34‘1330333-3/FNJ:
ARITE(3¢4a)71
ASITE(3,67)354
THAAT{ 4%,y "A2YNILIS
FIXwAT{ 4%y "REYNILDS
FRIZTIOW FacTi ¢
ARITEL3,11)
FIAMATI2X, *FRICTION FAZTO2
ARTTE(3 431 (XL0I)4I=148)
SOUAATI2X " AKIAL DIST X" 44
ARITEL2,333)(2(0),0=1,8)
ESRHMATI2H 127, 13X 4RET >)
23 132 I=2,2
X3ATI=XK1 (L} INEZET)
X2XA(I)=XL{1)/ (I8 2EH)
Jz_Hd(I)=2(1)-P(2)
JELPLE)=DELATY -0
TONTINUE _
ARITE{ 3,45V {DELALI) yI=2,2)
TIAUAT(2Xy "ITLHL MM
ALITT03,120{250L201) 12245
FIRMATI2Xy*DIL? IN KG/S5Q.
27 230 J=3,3
DS_PX(J)=DE.
CONTINUE
ATITEU3,50) L0ELPXId) o=
FIRAATIZ2X ¢ TIZLRPX? 325X 45
5=3JdF/5.81
SL=2+0"S"YFali2e3
5:=21/51

234/51
ALITZ{2435)15¢5145S
SOAMAT 49X S
23 300 J=243

iJJorJ SF)
H2.345ED

+ 39548

SN /UXI0IN-0.75)
3,4
FTea

)
2)

'
ks
|

253
=V FTadeZ¥ et

CAMPUTZR
TlTX.'ifjiAJLIC U'A“rTLsyﬁH'qlﬂYv':'

D.5+4(31
2.3 e4(9)°

IN TIN-
INSTOE
HYJRALIC DIAMETER

CALZULATIOND')

rB3rTe2)

WATERY}* 39X 7F 7.2}

S1 o=t

CONTRE, 2HAKA VISP

$F9.542Xy 7]

T3 e414) L5405 )
2.5 +4(10)4045)

Je5+HlB)

Y=t

1FTa592Xy "M/5T)

23X+ ="3FGe542Xy*K5/5")

TUIECVET 11Xy "
NIAMETERs REI
REA

*sFFa5492Xs*M/5")

M OINSITE DT AwpRELIT 93X =1,F13.2)
N HAYIAULIC D%A.'REi'.'z'yFIO.EIII
: i

l

v
!

4T BX TETa2)

PFT o3y 2%9?S2 ="' 4FTa592%4FTa5)

L4 T4 T4 L &L LI L6 L 4o &0 4 ok Tk iDL ot

£

S G T [ R [ Y [ S A I A4 L L 1 L L
"mmf’ﬁI'th"'loﬂ!-"Il-—».v-‘..-—.—,,_._._.-_..ﬂ.-_,.7A4‘

4L
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A4raT FIITRANY AL 3YST ZOMPUTEY CENTRT. JHAKA
Fil =2z
i(Jlﬂﬁ_LPKIJ)
CANTINYE
WARITEL3 034 TI{J)ed=3,48])
ARTTEC34063 {5410 )30=3,3)
EDTMATL2%, " OTASED BN DIt 1AY 60T .3}

FORHMATE2X, "4 OASED OV DU« 16Xe67T43)

ARITZ(3,4211) , o

TIVAATIAN, "X 3 S%y TX/Dd REHT 33X ' X/D1 AET Yy TX T FHY yOXe *FIT)
D3 301 J=343 :

ARITIN32 21310 o XI0HOJY o XN (T )y F4(I)eFTICS)

VAT (A P8 2y 3%y El03 32X E10+ 3¢5 X e FTalre N eETat)

CONTINJE '

AT TE(2,213) (X {TIYsI=1y8)

CITHATI// 2K,y " AXIAL DIST o Xt 4t Xy 2FT42)

ARLTI{ 2421700280y d=1,47)

SEIRMATL2X P ,15%,8F 7.2}

SALZULATION 37 INZREUZNTAL PRESSURT M30p
Jd 302 =17

K=L+1

JPLL)=P () -P(L)

IKCD)=Xi{K)-x2(L)

920X LY =0P (L) /0L .
JFIELI=JPOXEL) 52 . ' T
JE4LL)=0PDXL ) 53 O
SANTINJE SR
ARITE(3,212)(024L)sL=1,7) [y

FIRMAT(2Xy *INCRCcMINTAL PRESSURET/2X, 'ORIPy  DP(X)'e1lXsTFT.2)

ARTITZA34221){0%IL)sL=10T)
FIRMATI2X, "OX 1y 21X TFT.2) ‘ ~
ARITI(34223)002P0X(L)aLl=1+7) o
FORAATIZX "D /3% y18X,777.2) 'g
ARTTZ03, 223 00FI (L) 4L=147) s
HXITT(24227H{DF4(L)sL=1,T) ' Ty
FIXATL 22Xy ' I(X) s Y TXe T T 3) -
TIAAAT(ZX s "2 HIX) Y5 1 7Xe 757 43) '
TALTJULATION JF DIMENTIOJNLESS PRESSURE DRAOP, DPD
S4=3a5 5 WFE Y243
30 303 (=148
XOL{<y=X1(%)y/D1 o ,
JE_21{<)=2{¢)-P(1) : SEA RN
bEDIRGERIZTEIN RQFAYA
CONTINJE
NIITE(3,222)(XDLIK)Y 1K=149)
—Jzﬂar(//“x,'x/3',11x,n~7.La
AITTI024232)(02LPLIC19X=142

?'JJvartﬁx.'J L2L{X) "s6Xy2 7 .21

ITEL322310(D22(X) K= 1-9)

:J?”AT(EX.')IHEHTIDW LEISS PRESSURL DIJPT/LIX,"DP/e5 ATWTVE-*2",

l

2)

T4Z34al 2ZSU_T:

ASITE(245T7)
TIRMAT(/// 22X,y "THERMAL 2ESULT/)
ARITEZL2453)T2,4 T3

=32va

AT(ZX 8T IMLET TEYP =7 42X 47534 1Xa 2% 42X e AIR DJTLET TEYP.

VH/SP

S T T S SO LN WS SN SO O T N B U L S T o8 U ST TS TS T T inJ.I T S SO A il W U W S G i S S Sl W S S i S aget
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o e 2 - oA

4287 F3RTRAay Al SUST CDYPUTER CENTRE. DHAKA , . vM/sP |
2ty PXeF5e3elXyt V) 4f
TE=(TEeT21/2, : EERE
RITE(2, 73077 T 4t
JIMAATE2X, *PTIPIRTIES OF ATR ZVALUATED AT TF =',2X9"7e342Xy"0") Ai
JTal A4ZaT INPUT T3 613 i
Az).0 , : ' 4t
AZA+¥ . 2271000.0. [T2-TE) : HE
RATTT03,75)04 : HeE
TUU1ATL2Y, v HIAT INPUT TO aTR*42Xe"9, 3.zx,'J/5 IR WATT®) 43
L=ya/1.52 47
ARITS(3,42000L - , 1t
ﬁJRv-T(_x,'+;AT IMPUT PER UNTT LONGTH DL =4 2Ky F7.3¢ d/M%) 4f
LIZaL BJLC TEdo, , qc
2iTdeU . :!E
T1=I1e2L/0M ZPTLDOD) 4E
ARITZI(2431000 ' : 4E
TIAAATIZ% 21 =" 92Xy F7a3) , o:
33 %407 121410 ' 1
F3X(T)=(21 X(TY)eT= 7 c . : 45
TR =TH(I)-T2XE) : o : 4
TANTINJE R ' e
JRITZ03,33) (X(T) 4 1=1y12) o, bl HE
TIRAAT(2X"IIST X'1eaXs10%643) R E
RALTE(2923)(Tel1),1=21,10) i HE
SIARATI2X T AT 42Xy 10F6.2) L e
ARTTELR4273(TRX(T)91=1420) - I CAE
ARITZL3,4200403T3{T1)41=51+12) . -t : o - +f
FIRUAT( 2K, "TBX" 47Xy 10F5.2) . [ 1t
FIMATI2X g (TA-T2IX"33%413%56.2) v 1t
LD2al H4EAT TUANSEERI CITFSICIFNT AND MUSSELT N3, I |
AH2PALDI+2, NF. HF 7 ©Hi
ARVITE(R,22)aH b : H¢
CTIVAAT(2X,"TFEITIVE HTAT TRAMSFEY AREA AH =1 42X eFT=492X9?S0.4") H
n1=2.0 ' LT T
23=3%+34/FK ‘ ) i o Ce AR
ARTITI{3,2315¢ ' _ ' D ] Rl
TIVAATL4X 4 "FC=" 42X, 7F3,5) - © M
ARITZI(2,34183 ) Ht
TIIMATLIX,*32 =1, 22X, F9,6) ‘ Hi
33 300 J=l412 e Ai
COUIV=ITR(I) " ad IR N 1
1XUY=2_72200) 4
XNJLJdY=a2 4K J) 1
KLLJI=K(J) /1052 . 1
KJ(J)—X(J)/)[ : 2l
X334 J=X(J)I/ (DI RET) 4
XK3240d)=X(1}/ (D4REH) ; ‘ !
X3324(J)1=X{J) F{IH REHPRY - ' 4
SUNTINGE Y : T - HI
AXTTZ0342510XL00) 4J=1410) : ‘ , A
SIIAATIZY " X/LY,5Xe105542) - ' 4
ARLTE02 ELODUXDOS ) e =102} : _ 4
FOMATI2Xs "X/ D' y5Xe 107642 4
ARITZ(34111)0XNA(JY 4 d=14%2} : =k

1%

Jl“AT('?’/]Q',Z)’\,qr?o:) - '. . H:
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e T SATAy 41 RUET :3%9UTEQ CENTPE, DHAKA vaI/SP

*

#1IN THUERMAL SJLLY DEVELIPIN'/2X,*285IMEY/)

-

L3108y T = 095XpT343,2X, /5244 27) oo .

ARTTEL34157) 78I Py :
(TA2MATU/2XeNJSSELT NO. TN TYEIMAL FULLY JEV. IEGIONSNUF =°,F8.3/)-

CAZJLATIIN 35 HEAT TRANSTER CJEFF. AND VUSSELT NO. BASED ON o

IN5102 DIAMETER AND NOMINAL 43EA @ - LR o

SAI=(E4Z7 a4) /(PAT DI L

ASITE(3,222) ' ' -

+*

AXITIL303111IX2IR )y =113}

ST LZI XIS s d= e D)
T/ D34 s 1X4257.7)
T3, L3N {XDRPHIS),0=2 v10)
T('K/DI’H' IXe " 0.3 41Xy 25T7.2)

EL3,120)04X{J)sd=141D)

B | -".T(’Xy' i"'v‘.:)Xy].DFf)c].l

ARETZL 241350 {XNI0I) ) d=1,10)

EAAMATL 2Ky "N XYy 5K, 10F46.1)

ARITZ(341a2) '

SURAATU/ 22Xy N WE PLOT ([ TW-T3IX VS X/L CURYE £ F20M THE ZURVE
AT TIND aAXTALLY*/2%,* JNCHAMTING SALL-TI-BULS TEMP, DIFFERENCE

F3T3=rjrul

IF(=0T3,5342.3050 TO BBSB

33 500 =112

AT(LY=52TR/DTHIC)

SOANTINJZ

AIITE(34145)
TIAATU2X{TA-T3)E/")
ALLTE(I,15D)(T{K)9K=1,13)
TIIAATLZX " {TR-TAXY 51 410F58.2/)
E4Z=JL/0A"TIT)

ENJL={FH4T . D4)/FX¢

ARITZ(3,153) =47 PR : .
FIRAATIA2X v HEAT TIANSEEY COFFELIN THE Q“AL'/ZX;'FULLY DEVELDPED

&

|
|
)

.

i

""“nTI’Y,'l—AT TAANSFER ZDEFFICIENT BASED OV .,*)

RITzZ(3+155)~HI . :
JlﬁAFI9K"IQSI)r “IA MOYTAL AREAymAI " 45X e 7= y3XeFB8a3 91X *W/S0
4 /) ' ' '
FMNJI={ZHT . JI) /T
ARTTE(3,156) N1 :
Z31AATI/2%X PN ISSILT N0. 0 BASEDN N IMSTOE DIAT/2X,*AND NOMINaAL
AXzaT 13X,y "=, 2%y 3. ’b/) ‘
AXITZ(34157)-MYL C
Z324aT(/2%y "NUSSELT N3. 1M THERMAL SULLY DEVe RTGIIH.NUF =*,°8.1)
NJ==vJl . '
SN, 2240002030 TD 932
b 723 _ciel2
AL =XNJU_) /R
INTINJSS .

(1_».:\_;-—- n
[

SIRAT//EY s X/ DA LDF D) -
ARITE{3y 1520 {RMI{L)»L=1,10}
TORAATL 22X P NIXSENYY S 2X e 10762/ 7)
41'TF[2 173)
SAAATLaX g X aX g "X/ RIH S e " X/DT REI" 97K FHY' 4y OX4'FI V)
33 FI0 J=1+3
nﬁ[T'(?vl?ﬁivl(J)rVJ’q(JngJ"(Jl-F4(J)v i

—L.LJ-‘]:J..I-.L-&.J..,LA-J.I;_L-I-J._EJ.A..I.IJ..I.'-L-LL..I.I.E.K-L&J-J:J:I.L.C.L.I...-l.'-LI..L.-I-..L-I-J..L.EI_L.LJ.
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FILE: HzaT CBJRTRAN AL AUIT CDMOUTER JIMTRE, JH44KA | ViS50

LTS T AT e s Fas 203X 1 a2 3X 0l 10 a 30 b a7 Tat g 4XgFTatr)
L300 ZUNTINJ:
793 WRITE(2,180)
L2880 FAXIMATI 34X s "X " X "X/DH REA PRY 4 X" NUX)
33 313 J=1.12
ARETZI34155)X0S) o XIROH(IY 4 XNUL L)
FIRMATU3X ) Faa2saXyZllatatsXyFT743)
CONTING: ‘
SINSTANT 2UY2INS PINFL COMPAAISON: ZRITZRIA 33
e L0 B
TR{EEL w33,.0.2353 T o815 .
FLD=243157 42110903 LLAYZ"FRI/aX) " :043636)
WAITZ(3,41390)2E2
JXMATI/ /72X, *ZINSTANT PUMPING 204E2 SMODTH TUBE TYNILDSYIED='.
12,1} :
INJ=04023 0023207 0.3) T LIPR) 0 .4)
SPER P RPRERS W :
. NRITZ(3,4176) .
194  TIRMAT(2X, 4787 TRANGTOH COLFFCFIR SYDITHY) . -
T ARITE(3,193)42 : , :
195 F33MAT2%y'T I35 AT ZONSTANT PUMPING POWERsHO ='42X977e391Xs? W/ 5Qe
¥ oIt ‘ R '
13=741/4) ‘ , R
AJMTELZ4173 N3 : - ' R
199  FIVMAT(/2Xy"ZRITETA 23 = FHT/HD =*,2X9ET743) B
915  3IT3p ' R
40 ) . . S

g =
ol )
L)W

[

1932

-~

(]
1.

w
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FILE: 447171 JIT2UT Al BUET COMPUTZ? ZENTRZIZs DHaKa CWM/SP (4331
EXPZIRIMINT 3 = Le3 CURRENT= 16443 & HFEATER RESISTANIE = 8.75 OHM
CRISS-SECTIINAL AREA OF THE TUBE.AX = 0.00385 5Q.M
T33S55-SEITIONAL AREA JF FIN-TUZE,AXF = 0.00358 5Q.4
AYJIRAJLIC DIAMITER4DA = 0s03579 "M - e
VAN YELJIZITY,V = 18.76009 M/S
. : = 12,98188
MASS FLOA aTE4M . = 0.08423 KG/S . -
MZaN VELIZITY IN TIN-TURG,VF = 20.61884 M/S
AEYNI_IS NILIASED OM INSIDE DIALGREL = 7B616a19
AZANI_DS NI 3a582 ON HYDRAULIC JIA.eREH= 43180424 - e
FRIZFIOIN FAaITIR ZALCULATION: e
AXIaL JISTyX 200 3425- D.46 D465 0.85 1.06 le25 1l.%6
p 27400 52400 53400 39.02 65.0) 59.00 73.00 ,77.00
DeL4l44 AaTEl) 0.00 3,00  2.00 15.00° 19400 { 23400/ 27.00
DELP IN <53/52.4 0,00  2.99  B.95 14.93 18.91° 22.90 26.33
DELPK 14.93 22,40 26,89 {23.64 22, 93“22.40-%
I BASZ) OV DI 0,011 0.Cl6 0.01% 04014 ;0v0161 l0wp1e
FH 3A83) OV 24 _ 04305 0.208 5.399 a ob9|\o 398 ,0.008 ®
X ©OX/DH REA X/DI REI o FI : ';‘ RIS
Ia45 Je291E-03 0.336E-04% 040054 fo.' ey
Jeb5 J44172-03 0.120E-03 0.0081 00 S
Je35 2e544E-03 0.1565-73 0.0090  { 04DFT! 11‘
leds J45738-03 0.1935-23 0.0086 D.0167, Pl ]
1s25 2.797¢-03 0.229E-03 0.0283 {7 0.0162-
le45 34323:2-93 0.2552-23 0,008t " 0.0158. !
AXTal 3[5TeX D203 D426 D445  0.66 3486 letb nn
P 27400 50400 353,00 59,00 65402 CiTTe00 ¢
INZRIVINTAL PRESTURE R
DIP,  D2(X) 23400  3.00  6.03  6.00 4200
ax Da25 0.20 023 0.20 020
DP/IX 83.46 15.0C 30.00 30.00 20.00
JETLX) 0,082 D.Cl1 2.021 0,021 0.014
DF4LX) 04032 0.005 2.011- 20.011 C.007 . -,
~j : :
X/0 5.02 3.71 5e57 7443 12427 15.14 1B400. -20+86
~ DEL?1LX) G«30 .23.00 26400 32,00 3B.00 42.00 46.00 -50.00
DIMINTIIJN LS5 PRISSJIIE NDRIP ' : o
IP/e3TRIATYE 2 0e30 0423 1,05 1429  1.5%  1.T70 . 186  2.02
THEIMAL ESJLT:
AIR IM_:T TEMP = 305,341 0 aIR DUTLET TEZYP. = 43,930 ©
PRI?ZTIES JF AIR SvaLJSATED AT TF = 37.135 C .
HEAT INPUT T3 aI 1151.216 J/S 23 WAaTT :
HEAT INPJT 223 UNIT LENGTH 3L =  757.776W/M
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FILE: 4a~121 aJTR2UT A1 3UET COMPUTER CENTREs J4AKA ‘ VM/SP 143!
OI57T X o233 D4360 04250 0ab60 Da550 D860 14050 14250 1350 1520
TA 37,765 42.00 50486 57415 61471 53250 654439 64225 60.11 58.79
T3X 30439 32488 32.67 34.%5 35.24% 38,03 39.82 4leb5l %3439 43,93
(TA-Tus)X Fet2 11lel2 18213 24Tl 25446 25447 2%e5T 2254 16472 1487
EFFEZTIVZ HZ AT TAANSFER ARTA aH = De3997 S0
X/L 2.3D Je2% D17 D32 Je%3 D457 0470 0.83 0696 1.00
X/9 3400 Ja86 371 557 Z44%3 12.27 15.14% 18400 2085 21.71
NJX 255456 22547 138l 12147 9B.T 98¢5 10242 11049 153e2 1690
NOW Wz 2007 {TA-T3)X VS ¥X/_ CURVE £ FIDY% THE ZURVE WE FIND AXTaLLY

UNZAHANSING AaLL-TI-2ULK TEMP, DTFEE2ENLCE IN THERMAL =ULLY DEVLELDPED
REGI M= . : -
(TA-TUIF/

{TH-T3X]) 2ell 2429 1440 1403 1230 100 104 1413 1a53 1l.72

HEAT TRANSFER ZIJEFFLIN THERMAL .
FJLLY JEVELIPED REGIDNS FHZ = - T44308 W/S53.M 7

e

NUSSILT NDe IW THERMAL FUL_Y JFEV. 2E3IIN,NUF = 9q¢§ia. o

HEa7  T1aM55z JIOEFFIZIENT 2AS5ED ON —
INSIDZ JTA.L NDMIAL AREA.FAI = 135.130 wréup

NUSSZ_T NGe. 35582 2N INSTDz D1la

AND NOMI VAl ARZA = 350.353 . e
A
!lii b
TR T
X/ 3430 2435 3Tl 6457 9.%3 12,29 15.14718400 °20.86! 21.71 '
NJX/EN 271 2429 14%D 1403 1.00 1.00 1.0#'?1.13*11,53;'1.?zaf
. ‘r‘\"?.,.' . ' - |
X Y/3H AIH PR NUX 4
0433 0.03332+00 2654548
J3s35 D5.537432-024% 2:5.055
Jel b 3-232;5"03 138-068 ) "f:i-:r;-}w\-':{f;--:--?--'-"v,L
De%5 2.41202-03 101.5665 LSRRG R
Jebh 0.5912:2-33 98,656 - '
Ue56 3477032-23 92.627
ledb Ce34233I-03 102,748
1+25 Cell2?:-27 113.736
le#5 0413053-22 . 1504741
1.52 Nal351E-070 162,393
SONSTaNT - PUMPING PIMER SMIOTH TU2E REYVILOS,R:50: 0.119E+06

MZAT FRANSRZR IZOZFF.FIR SMOOTH
TJ32 aT TZONSTANT B2IMPING PIWER»HDY = B3.923 A/S50. M 2 -

CRAITE21a X3 = FHI/HD = 1.520
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DATA FOR EXPT NO 2

DI,DH AX AKF V VFerQrI;Q H.l‘ FK

JTMENSION HULO) o X1E8) o2 (B9 DFELAER) 4 DELPLY) 9 JELOXL{T)+FIIT)4FHIT),
#XCLO) pTHOLO) o THXCLDY o 3TH0L0) o XL U139 XDC10) o HXELG) o XNUL 10 oZCLLO) o
CHATLL0} e RNULLD) 9 XDR2H(LD )5 XDRIS) 9 XDIA4 L) 4 NDPL7) 4 IX(T)#IPDX(T7) 4 DFI
+TheDFHITY ¢ XDLIS ) DELPLIBY,NPOLE) :
IPENIUNIT=1,FILE=YINPUT* 3 STATUS=Y3ILD")
JPEN(UNIT=3,FILE="QUTPUT*ySTATIS=t YW )

2aTA EXNI AMP 04/ 2051094348, T75/

JATA RIASRIAZ/ 141655141305/

O0ATA FNJE/Ll6.7832/

DATA DI yAdFosHF s NF/0.3740.003,40, 01"-‘15 3/

DATA PAL/3.14%1592454/

DATA TRy3R/30.047562.0/

DATA H/LeJF291e%447ele517 O1!.!!"';01-3‘??’115490105‘99'1‘31 vle4Ts.
"1.2332/ ‘ !

JATA X1/04000.264044630.A0540e02691.069)42601.867 ' :

DATA P/Ll2¢3337a5440u0484403947e0e80.Ce33,045542/ - : !

JATA CPyFL/1e32040,0.227050/ . -
" DATA PR/ZDTOS/

DaTa TE,FJ/33.BJ§'46.5??/ -

JATA X/0e090a05%,0u2690.40540,006p0e3501 40589107541 ,6541.52/ g

DATA TH/42. 850'q5.51|‘5.?bJ,b+-ﬁD?-nq 030.6; 95304714273 ¢T1Le157,
t55.11496%41357

AT A FDTRL1/3).5/

DATA FFIl1/0.2018&/

R L T T N P I -



IRISS-5EITIONA L

TRIL3-5EIFTaONAGL

Ay dagLil D ans
Mo A JELIITTY

MASS Flud Tala
Yoay ¥TLIITHY
orNILIL O NDLE
TAY DL N3d. 3

5
X

n
2%

axial 2

> .

TNZ32METal PREss
BEGEERENEI S

X

DR/ 5K

SGFICX)
GFAEX)

X/0

DELPLIX)
DIMENTION LESS
OP/ei e VP&

Al RESJLT:

ThoT TZwe

alz

PRIZEZ4TIES 37 aAfR
HEaT [NUJST T3 Al?
HZal TN2JT 27 4

ERT A

ST

el CURITHT= lal.tr oA
THL TUPIZ.ax
RrteTUT I aY
Triae3e ‘
gl
§ TTIN-TURT L VE
23 D IMSTLT Zia..nf
£3 3% HAYD2aULTD GTA.
ALLJLATION:
e 0N Je25% Jeith
17.02 37.50  45.03
.00 .50
000 )
12a0u40
.13
D.2G7
X701 &]
0.1025-03
Ueluini-"3%
Neizor-"3
Coldeliels
el ”35-03
JansAR-03
L0 0.2 A
1;’-3:’ 3:70—‘.) fr;)‘.(}\"x
R
13.50 2450
SIS 0.20
71,15 12.50
GeGTh 2.010%
0038 .0.007

« 00 2.71
22 18.E0
S5UsE DRI
L2 129

33,504
TyalLdato
1123604

IT L Ty 2

Y

Tt
Lda

e =
[

S 22

- =

o5
o

TENT

1

i
H

H

1)

1

(I

RFj

Fie

Dab5
44400

553

50(4‘7.

1618
0.017
J.209

il
-
L ]

O
-

¥
LS I W [ 35 I )

L& BN R e
MW g

wJ oD

.
iJ

polE o]
— e

L2 I3

-
L .
[

3-‘%3
.20
1.48

4y

DITLET Teue,

354332

WaTT
TA2.2324/M

oo
[N

R

C.00385
n

T.00358

0.03573
2.43182
TL.031534
D.G6353
TL.07132
64594455
353356.,36

Je 35

67.00
3.50

A

15.756
nL.016
0.2928
FI

IdaKe

RESISTANCE

SD.'“;
SQeM

4/ 5

{G/S

/3

- 06
50.00

"12.50

12+44%
15455
J.016
D.003

J.01l2z°
U.0157
J«0153
J.0151

0D.0159

Ze86
274370

3.0
2e2)
15.00
D.015
ND.038

12.27
28.0208

1+ 66

[ |

46e857

1.05
50.0C

2400
Ca.20
15.00
Ja0las
D003

15.14
31.00

1.53

8.75

1e25

53,02
15450
15«43
15443
D016
0.008

15.00

34430

201

VISP

34

PR
S6.CC
12,535
18.42
15.3%
D.016
D.004

’



10 . ' :
FILE: 4a-121 J247T2UT Al ZIUET COYMPUTER IZENTREZ. DAAKA . VM/SP (4%

DIST X Je303 N4363 D625C Dets50 04650 04360 1350 14250 14460 152G

TH 67486 %5451 55475 6441 68200 H5T454 Tle27 Tlal5 656,11 54414

Tax 37.89 3lab4 33455 35465 3777 39489 52400 %41l 6622 46486

ATA-T3)X 12¢05 15«07 22420 28475 30423 27475 2927 2T+05 194837 17.28
EEFESTIVE HZAT TUANSFER AREA Ay = 0.3997 S$Q.4 _

X/ De03 e7% 0ulT 230 D+%3 057 0470 De83 0.96 1.00
X/0 Te00 DeB85 24Tl 5457 TFe%3 12427 1514 18.00 20.86 21.71

Yx 15323 1314 833 6643 61e2 6241 6341 68¢3. 92.9 10740 |
NUX 202¢3 173¢3 110e1 9541 80«7 822 B83¢5 9044 12249 14145
NOA AZ PL3T {TA-T21X VS X/L CURIVE & FI34 THE ZURVE wE FIND AXTaLLY
UNZHANZING AALL-TO-3ULL T=4P. BIFFEENCE IN TYERMaAL FULLY DEVELOPED

REGIME

(TA-T3)E/

(TA-T3X) 233 2417 1e37 1.05 131 103 1.0¢%

HEAT TRANSTZ2 TIZFFLIN THzIMAL

FULLY DJEVELIPED 2E5313Ny FHE = 62,608 W/SJ.M
NJSSILT NDe IN THZRMAL FUL_Y DEV. RESIDNSINUF = 82;

HEAT TRANSTZI CIEFFIZIENT 3ASED DV
INSISE J[Aa«S NOUMI AL AREASFHI. =

NUSSZLT NO. 3ASED ON INSIDE DIA

AND NIVINAL AT A
X/ 2400 D286 3471 5657 4
NJXAFNI 2453 2417 137 1.06 1.01 1.03 1.0

e — e
R,

X X704 2I=H PR NUX
D32 5400023400 . 202.310
Je35 1465242-24 173.751
De25 9.25272-23 110.138 gy ey e
De%5 9.30022-33 85.055 NI S
Debb DeT1ToE-213 BD.994
0.85 0.93512-23 82.189 i
1e25 Ds11532-02 B3,523 .
1.25 0.1372:5-22 90.398"
le45 D.15872-22 122.326
1e52 Del5532-32 141 .50%
TINSTANT PUMPING PIAJER SMOITH TJ3E REYNILDS,RED= 0e963E+05
HEAT TRIANSFZ [OJS=7,.F1R SYI0TH :
TJ3Z aT ZONSTANT PIMPING PIWERLHO = 75,085 W/52s z

CRIT=ZRIa R3 = FHI/AD = let58

M



O

RtAL DI,D%,AX Axr,V'VFgMoQ I R‘H;H% F<
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DATA FOR EXPT NO 3

FIMZNSTIN A{L10) o XL(B)4P{2) "L A(RTsJELP[2},DF LDXl?laFl(T)'CH(TIO
$K{10) g TWILD 9 T3X L)y OTT0L0 XL 01O} o XDILD) 4 HXIID) 4 XNULLD)2CC(10),
tiT(lUl.%“J(lD).XDRDH(lD)vXﬂllqi;XJ!i(d),DPf?)uJX(T) D>0XLT)4DFIL
+T)eIFHIT) ¢ XDL(E) ¢ DELPLIB) 0P 2)

JPEN(UNLT=14FILE=tINPUT W STATUS="2LD" )

IPENIUNIT=3FILE="JUTPIT « STATUS="NEA)

JATA EXNOeAMP $34M/3.0+16.348.75/

JATA RIA+RINZ/14162341.12853/

JATA FNJE/17.0711/

JATA DIsWF 4T yNE/0a0T43203404015¢540/

JATA PAI/3.141592554/

JATA TRyBR/31e2,760.0/ '
“DaTa H/D. 96:.1 2199129301 707,1 32191432141, 391.1 295,1 219,
")e355/ A
- DATA X1/04090425400464046693485,14059142641. 45/

IATA P/Ll5e0925a3¢2Te0331.293%e3437 3v10-0,-f7 3/

JATA CPyFK/le02659s0.027270/ :

JATA PR/D.705/

JATA TEyT3/31.540449. bJo/

DATA X/040904065 0426934590455 90e859Le0%91a2691a%591e527

DATA TA/6%.980452. 90.64 1409715229 72.730+76. 810+79.000,784893+
+72.470470.092/

D4TA. FOTS81/34.5/

FF11/0.313/

JATA

ma ey me ™ o aa g



FibLiz vMa=lz) aUTPUT Al nucT
Tara2{MZNT 4] = 3.3 THRRENT=

23355-5EITIDNL

et

ITRE

0.00385

DHAKA

aRfe JF THT TUIE.AX = SQ.M
23255-5S50TIaYal AARES JF SIM-TURSCAXF = 0.03338° 50.4
4YJaJLIC DIAMTTREZOA = 0.033577 4
4TAW VILIZITY,v = 14,34675 M/S
z = 13.03755
MASS FLOA 2W™TEWY = D.0641T X5/S
MEAY VELICTITY TN =TN-TUID,VF = 15.33095 4/5S
JEYYI_DS WDL2ASED DN OINSICE DIa.sRE = 58823,73
JECHNI_DS YIHASED I HYDAULTIC 3Ta.,2EH= 33318.05
FRIZTIOY FalT33 CalluLaTIOoN:
axIal DISTyX Je0D Ne2b Jekb Du55 J.85 1.05
P . 15.00 2%5.00 27400 31.00 34.03 37.00
Szl AdaToR) D.00 2,00 5,05 7432 12.00
DEL? 1N <3/30.4 0.00 1.99 5,97 Be95 11495
NeL X ‘ 2,95 14,93 14.93 14,93
FI 34323 0N O] 2.012 4018 0.91% 2.318
F- 34572 DM OH 7.306  J.30%  0.203  2.009
X Y/ 2T X/0T BT = FI
PN T e335E-03 0el12%-03 G.0361 J.0120
PR TL.EE3IE-C03 G.1505-03 n.0352 D.0180
J.5: C.7215-C3 0.2000-03 .0252 D.0130
1.05 2. RE9:-03 0.2370-23 2.,03%2 Ds0180
1.73 [ N e S De3D6E~03 N.d002 0.0180
Lo Dulz2: Ue3555-03 2.0087 0.0170
axlal 2i5TeX 3420 a4 Teus .65 2.86 - 1.06
P 15400 25427 27.00 31.00 3%4.00 37.00
TNZEHE [Tal PRESSURE : :
GRAP. 27N 12.00 .00 4,03 3.22 3400
L S Ta25 De20 Ta2i 222 0.2
PR FR,4n  10.u0  F0,00 13.023 15.00
AETLY) Dal%6 0,712 234324 04315 0.01%
B4 0.024 0.006 5.012 0.03% 034329
XA D.0G0 T.TL 5437 7.43  12.23 15414
TELRI(Y) T .30 10.00 0 12.00 15403 12,32 22,090
DIMINTTIN L2S5S PILS3URE Ninp
DE/el A3 VR 2 3.U0 N.59 0.%3 1.10 1.31 1.51
TH:3Mal TESILT
CALY INLeT TEMP o= 31.5%0 0 A1° 3UTLIT TEMP, = 47.600 O
23325TLE3 3F Al FvarJaTeED aT TF = 4Ga523  C
MiaT IN2UT 7T 8iR l140,18%  J/S 2% HeTT
HEaT INPUT PER OUNIT LEZMGTA oL = 7634250474

JN/SP (43
B.75 OHM
1.25 1.46
43423  42.00
15.00 17.00
14.93 16.92
14.93 16,10
0.018 0.017
0.003 0.009
S 1e25  1.46
43.00 42.00
3.0)  Z.0C
0420 .20
15.02 10400
04318 04012
243069 C.026
13.33 20.80
25.2)  27.00
1.72  l.86



' 112 .
FILE: 147121 JUTAUT 41 RUET CIMPUTEX CENTREy DHAXA VM/EP

JIST X JaJ0U 24060 0250 0450 02552 UeB50 1el50 1250 14450 14520

TA £ 49493 52.70 64414 T1.32 72.73 76481 77.00 78489 72447 70.09
Tex - 31.6% 32435 34471 37.03 39.4% 41480 5%415 46453 48489 49.60
(TA-T23X - 1Be3% 22455 2943 34.4% 33,29 35,01 34484 32436 23,53 20449
E==ITIVE HIaT T2ANSFEZ AREA AH = 0.3993 S2.4

X/L 0.D93 2.3% 0417 2.30 2.43 0.57 0.70 D0.83 0.96 1.00
X/0 0400 D485 3.T1 5.57 9.43 12+29 15.14 1B+00 20486 21.71

4X 10%el 32+ 5449 5544 37.3 56.5 5448 5940 BG.9 93.1
NJX - 13545 12143 8541 72,7 75,2 Tleb5 Tle? TTat 10642 122.3
MOW AZ 2L0T (TA-T33X VS X/L CURVE § FIIY THE ZUIVE WE FIND axIaLLy
UNZHANGING AALL-TI-3ULK TEMP. DT SFIENCE IN THZRMAL SULLY DEVELOPED
RI314: - '

(TW-TEYF/

{(Ta-Tix) 1.323 _1358 1el7 140G 140% Ga39 De?2? 10T 1leth 1a68

4ZAT TRANSFER ZIEFFLIN THZRMAL

FULLY DEVELIPEN  REGIINy FHE = 550321  W/SQ.Y I °

NUSLTLT NOe IV THERMAL FULLY DEV. REZLINGNUS = T2.510 |

, I3

EAT TRANSFER TIEFFIGISNT 3ASED OV PM}.:'.E. : !
INSIDE 3Tast NIMIAL AREASFYI = . 100.502 W/S2¢ M/C !

. ; " . .}' ' ]
. ‘ : R E
NUSSELT 'NJa. 3ASED 2N INSIDE DIa - :
AN NIMINAL - ARE A .. = 253.237 . b

i ! !
x/3 3400 0486 3.71 6.57 9.%3 12.29 15.1% 18400 20485 21«71
NJX/FNU 1085 1eo8 1417 1.00 1.0% 02499 0499 (Le07 1le46 1468
X X/DH 3ZH PR NUX )

0edd 0.00003+32 135,589

3.05 3.71372-04% 121.893 |

0-25 :}-3:}?35_33 85.125 X H""'—r"ﬁ':;é"'?""":‘::‘""’.‘

Oe45 0.54715-23 T2.726 <Jl\%ii{'f '

2s55 0.7850E-03 75,245 :

0.85 -  0.1023E-92 71.555 S -

1435 0,12612-02 71.211

1.25 0el4992-02 774407

Le%5 0.17373-02 1054240

1.52 0.18083-02 122,257

“IZONSTANT PUMPING P34VEL SMODTHA TURE REYNILDS.Z0= 0.908Z+05
Hial ‘TRANSFeR TIEFF.FIR 5M2aTH
TUZEZ aT CONSTaNT PUMPING PIWERSHD = - T2.123 A/S520. M C

SRIT=ZRTa 3 = FHI/HD = 1.33%
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DATA FOR KXPT NO 4

AEAL DIsDArAXsAXF gVyVEs My IELy7Hy 83, FK

FIMINSTIN ACLCY e X1 G20 3) o D=LHIT) 4 20LPIR )90 LPXETYeFILTY2FH(T)
+X{10)+TALLI)WT2X(10) ! OTE(LD e XL{10)Y o X3{10) 4 HX{10) 4 XNJL10) s 2CL10),
*QT(lD)!?VJll3]1X3QDHliq)9%“?(J)vK]Qi(s)vDP(7)17X(7)17°DX(7)'DFI(
$T) e OFHIT) o X210 (8)¢2TLPL(S)DPD(R)

JPENCUNIT=LyFILI=INPIT Y, S5TATIS=*3LD")

IPEN{UNIT=3, SILE=vJUTPITY o STATIS=YNIAY)

Jata

JATA

JATA

JaTa

Jata
DAT A

24T4A
M2.535/

JaTa

24T 4

JaTa
JaTa
JaTla

JaTla

JATA

EXNTy 442, 24M/4. 0y 160 305.73/

IJAsRIAE/1.152341411787/

FNJE/l? 3133/

Il dT oA e MT /.27 0 00302401545,/

PAI/3-11151255@/

TReBRA/3129T7L2.0/ '
H/2a63390.31340427T69055300, F14%90e?1%+0483940 87010 313,

Xl/:)..O.:).BS-O.ffB.T? FEe0eBSelas 'Jevl..»;&rl 45/

P/10aC10 1345420092359 2%a0020.3030, 03245/
CP!F</1.UJ575!3-327463/ 7 .

PR/DLTSR/ )

TESTI/31425095%4.120G/ . :

X/ 0eDe0ad512a20900a451 02502068591 O5¢Lahy lett541lea52/

TAZ 53450215543 T952, '75.4['505‘:“3'7? 930, Q_.,‘—;'[D,QT 760,87, 81.}9

“79.4820,77.1127
NaTa FDF3L/4243/
DATS FFIL/0.319/

i

P

@ o~ -~ - )



114 o
2HAKA

PRIPIRTICES I7 AIR
HEAT I¥2UT T2 &IR
HEaT IN?UT 23R UNIT LENM

EVALUATED AT TF =
1177

452 J/S5 2

GTA4 QL =

WATT

524035

[

T7T4.5394/M

120

FILE: 4aFIZ1 JUT2UT Al BUET CZOMPUTERX CZENTRI, VM/SP 143
CXPZRIMENT NJ = 4.3 CURIINT= 14.3 & HEATER RESISTANCE = B8.75 OHM
. TRISS-SECTIINAL AREA JF THI TJ3E.aX = 0.00385 SQ.M
CRIS3-SEZTIINAL aREa IF SIN-TUIE9AXF = 0.00358 5Q.M
T 4YJAJLIC DIAMETERSDJH = 0.03579...M .. —
WZaN VELIZITY,V = 11.79354 M/S-
z = 13,00756
" MASS TLUOA aTENM = 0.03275 - KG/S
. MEAN VELAZITY IN STIN-TUBE.VF = 13.16405 M4/S
’ IEYNI_IDS NJ.3453Z0 IN INSIDE DIAWeREI = 47676411
- AECNI_D5 NI BASED IN HYDRRAULIZ DIAssREA= 27210445 -
FRIZTION FACTIR ZalLlULATION: S S
, AXIAL J15TeX J.00 0.26 Jets5 0466 DaB5 1.06 1426  la%b
' P 13450 12450 22.00 23.5C 25.02 28, 00' 3000 32.00
DELH(4Y WAaTER) 0.00 0450 4.00 6.50. . 8,501.10:450. 12+ 50
ELP IN X3/52.4 J.00 2450  3.98  6.47 .¢B 10645 - 1244
DELPX 2.47  9.95 10.78 €058} 104 457410, 3T
. FI 3432) ON- D1 2.204 2.218 0.01 M105915 10.018 |
FH 3ASED ON° JH 2.002 0.00% 0.0L0754, ]0091'0 oﬁ9\‘
X X724 354 X/01 REX =4 oD g1 RN
" Je%5 Je4722-03 0. 138E-03 0.0023 S0« 00 S5 . ;1~_fi\
Jeb56 Je673E-03 D.1982-03 0.0090 } o QLT JJ; S |
Je35 T.8335-03 0e258E-03 N«0298 '_ml___mw __;"“:ﬂ;Mqu
- 1435 Ce1035-22 De3152-03 2.2395 Eq R |
]..IZb Csa127c-02 003785'03 3-3095 8 . ‘ '_".':--‘_L'_*
1s 45 0.1505-02 0.437E2-03 0.0094 }fﬁfrf[- :;ji ENE
AXTAL 3ISTeX 3.00 5e26 PR Y.65 lat46" -
P 10450 1%.50 -20.00 23.50 26400 }28 DD lao.oo 32.00 -
INZRISMEINTAL PRESSURE o .
DRI2y  I°(X) 2.0) 0.50 3.5 2.52 2400; 2e oo 2420
oX Je26  0.20 D20 222 0420° 0.20 0420
DP/IX 34462 2.50 17.53 12453 10.00 '10.00 10.00
DFI(X) DeD51 D004 DJ.031 0.022 D218 0.018 0.018
OFAL{X) Ce031 * 0.002 0e015:5 0 0{14>Q.039 0.009 04029
‘ i
- X/)J 020 3.71 .37 .43 12.29 15.14 18.00 20.86
EcPl{X} 00  2.00 .50 13.00 15450 17+50 19450 21,50
DIMINTION LES5.22E255U3% DRIP
DP/ eS0TV 572 .50 0.21 0.9% 1.31 1.57 177 1.97 217
TAZ4A. ESULT:
AT ENLET Tz2¥p = 31.950 C a1 JUTLET TEMP., = 5% s



L]

il

LEr Ma=1Z1} AUT2UT A1l BUST COYMPUTEY CENTRE. JHAKA VM/SP (%42

D1ST X - 3¢50 24350 02250 D450 04663 DeB860 140560 14260 14%50.14520,
T 53460 56457 6798 TBa63 77493 84451 87476 37481 79480 TT.11
TBX 31495 32483 35474 38.656 41,58 44447 47441 50433 53.24 54412
(Td-TB)% 21455 23474 3424 39.97 38.35 40002 40435-37.48.26456 22.99 -
EFFESTIVE 424l TRANSTEX AREA AH =  0.339% S§2.4 - , 7
CX/L 0.23 Jed% 0el1T7 De30 J443 0.57 0.70 0.83 0.96 1.00
X/D 2400 e85 3471 56457 .43 12429 15.1% 18.00 20486 21.71 - ~
HX 8945 B8le6 S56e6 4845 5045 4B8a% - 48s0 Sle7 T2e9 B4e3
NUX 11545 12543 7347 63.2 65.8 6341 6246 6Te4 95.1 109.8
NOW A3 PLIT (TW-TB)X VS X/L ZUVI & =304 THE ZURVE WE FIND AXIALLY
UNZHANSING WALL-TI-BULK TEMP. DIZFERENCE IN THZRMAL FULLY DEVELOPED
RESIVE : ‘ e T -
(TA-T3)=/
{TA-T3€¢) 1485 1458 1.17 1200 1.04 1400 Je99 - 1407 Le51--Le74
qEaT TY¥ANSZER CIZFFLIN THIRMAL ' A
FULLY DSVELOPED  REGIJMy FHE = 424426 W/S2.M T % v ¥
Y : L L
NJSSILT NU. IN THERMAL FULLY DEV, ESIVSNUS = o 'i"
: ;,! 1‘7“.‘
HEAT TRANSFET I3EFFICIENT 3ASED OV ol
INSIDJE 2I4.S NIMIAL AREA¢FHI = ¥ .
NUSSZLT NOD. 3ASI) IV .INSIDE Dia ' N T b e
AND NJUINAL AREA = 226.486 (o e -
hat T D
A cani b S
: = Dol
H H - i -
X/ 2 3000 0486 3471 6457 9.43 12429 15.L14 18% ' 20486  21.71 |
NJX/ENY 1435 1458 1417 1400 1.0% 1460 0.439° Z‘.o7*;1.51i*1.74m‘
s L S
X X/34 T4 PR NUX W
0622 0.00023+00 1164519 .
0.06 D.87513-0% 1064330 -
0e25 3.37728-23 73.743 o .
. = : g §~£.'€ { b
" Dek5 3.57095-23 634155 SRS R AGE
Des5 0.95253-23 654829
0e55 0.12542-32 53.094 | - o
1.:)5 0-15’1’55‘02 L'573
1.25 0.13332-02 574250
1e45 2.21292-22 95,377
1,52 J.22172-02 107.321
CINSTANT PUMPING PIAER SMODTH TURE RIYUILDS,2E0=-  0.736I+05
4zal TANSTI [IEFF.FIR SYIOTH
TJBZ AT CONSTANT PUMPING PIWER.HD = 51.381 W/SD. M C

ZRIT=Ia R3 = FAL/43 = 1.435%
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DATA FOR EXPT NO 5

QEAL DI DH'AKQAX:,V'VFrhcaplerHvB99FK

JIMENSION AL10) s X1{B O () g 3SLH{2)4DELP(R) 402 L9X(7,1FI(7)'rH{7)O
’K(IO)’TH(ID)rTlelO)'DTW(lOlv‘Lfla)vXD(lO)!*X(IO)'X“J(lﬂ)r ctig),
*Qr(lﬁ):QVU(IJJOKDQBH(l?)IKHR(S'!X)?i!SilDP(?]!]X(T"JPDX‘TlQJFI(
#T)+IFHIT) 9 X21(3)4DZLPL(B)4IPI(3)

DPENTUNIT=1y FILT="INPUT*ySTATUS="ILD")

IPENTUNIT=3y FILI=93UTPUT ,STATJIS=tNEW)

JATA EXNIpAM? 334 /5,041 44398.75/

JATA RIASROAF/1.1638,1.11388/

DaTla FNJE/L1T44939/

DATA DIgW=e4FgN=/0.0790.003¢2,315¢5.7/

JATA PAI/3.1415925654/

DATA TR¢3/32.8,760.0/

DATA H/De3BL13455930e609+0062240. 539!9 535!3 522492, 639,3 559,
"D.381/ ’

JATA X1/2e34De2690e 45'3'6670 Bheledbylabylitaa/

JATA P/033a5e16434154540745¢19.54521. J¢22. 0!23 o/

JaTa CDrFK/I-DO‘3713o3775J5/ '

JATA PR/D.TD4/

JATA TELZTI/32.222457.320/

DATA X/DoO’J 05104261 0:6590.66910e8521s 0501»46!1 4541452/

DATA TH/S54e120957T 4654724962453, BT3+B84300492345709723e40%0432.957
+85.4580+33,132/

JATA FDOTAL/44%.2/

AT FEII/QfDZD/



- C 117 . -
FILeE: 4a=121 JUT>2UuT 41 BUET ZODMPUT= IZENTRZ, DHaKA /5P (%

EXPZRIMINT N3 = 5.3 CURRINT= 14.3 &  HEATEQ RTSISTANCE = 8.75 M

D+00385 5Q.4
0.00358 50.4

TRISS-SEITTINAL AEA OF THI TURE.AX
CRISS-SEITIONAL A3F4 JF FIN-TU2E.AXF

HY X4 JLIC ST AaMETE404 0.03579 9
MEANY VELIZITY .V 2.63943 M/S
C l2.93232

MASS “LUd 2aTceM
MzaN JELIDIITY IN “TN-TU3IE,VF

0.043%4 KG/S
10.89895 v/g

LU O F R L T | I T O VR ||

TIYNI_O5 NDLZATED DV INSIDE NIA.,2I7 388317.88

ATANDI_IS NI BASED IV AYIIAULIC ITaes3EA4 22303,33
FRIZTLON FAZTOR ZALZJLATIOV:
AXIAL 2I5TyX 2400 .25 a5 065 De8B5 1.05 1.25 l.46
a . 3450 14+50 15493 17453 13653 21.30 22.3) 23.00
DELA(4Y AaTzZ) . "D.00 1.00 3.035 3400 6.50 7.50 R.50
DEL? IN €3/372.4 _ 0.00 1.03 2+93 438  6e4T Te47 B.46
DELOX ' 498 Ta67 Be30 ¢ 84,09 Te4T 7.05
FI 34523 ON Ot J3.313 24019 24022 0eD21 "0.017 0.01B
F4 34583 0N JH ‘ 34267 34219 0.011 024011 :0.010. G.0G9

B X/ 3=H X/21 221 - FH JED - b SR '

Je%5 2.5752-03 D0.1595-D3 D.0J65 "D.0129 i

.55 2.B8270-03 De24%35-03 D.0399 _.0e0174 .

Jet5 J.10%E-072 0,3165-23 J7.0110 [ DeDR1Ss -

1425 NDe1332-32 C.32GE-33 3.0107 0.0210 .

Le2o Del582-02 0.6565-23 7.309% i Da0134

RN D.1832-02 0+5372-03 J1.039% " 0.0183
aXiaL DISTeX 7462 0.25 Jead 0.65 J486 1405 1e25% latb
INZRIMINTAL PRESSURE a |
0232y 3P(X) 4400 1.03 203 2.00 T 150 1.00 1.00
JX - Ja25 De20 0422 0«23 De20 0a.20 0.20
DP/IX 23,08 5,00 10400 15402 Te53 5400 5422
CFI{X) 04C5C D.213 7 3.025 0.025 D019 Da213 D013
DFA(X) 0031 0.207 94013 3,313 0010 0.227 " 0.027

(_E\ i

X/2 G+20C 3.71 .57 2.43 12.2% 15.14 18.D03 20,36
JELPL(K) 0.00 6400 7.20 3.00 11.06) 12.50 13.50 14450

DIMZNTIIN LISS5 PRESSURT DRIP
P/a3713d7VE, 2 0.350 D.39 1.24 1.33 153 14853 200 2415

i

TH4z34aL IESULT:

AT INLET TZMP =  32.220 T AL DJTLET TEMP. = 57.300 o
PRIPZRATIES JF AIR EVALJATED AT TF = %1763 C '
AEAT INZUT T3 AL 1037.012 J/5 22 #AATT

HzAT- [N2UT 223 UNIT.LENGTH QL =  721.718W/M



FILE: 4a=IZ1 aUT2UT A1 3UET CIAIMPUTEY TENTRE, DAA
DIST K J.300 2.253
TA 34412 57455 7026 83,
T2X " 3222 33.21 35.51 3%.8]
(TA-T3)X 21+3) Z24e4% 34445 44435
TEFERITIVI 4ZaT TANSFE? AFA a4 = C.333% S5l.M
X/ Ce02 Del% Da17 J«30 2,43 D.57 D2.70
X/3 JaC0 25  JeT1l 5457 Fei43 12427 15«14
4X 32-'1- 73.3 52-4 !11.3 3?-; 43-8 (1‘1l7
NJ¥ 1059 7548 58.0 *'53.1 5145 52eF 5440
NJa A2 PLOT (TA-TBYX VS X/U CUIVE § FIIM T4 ITUAIVE -

JNIHANSTNDS AalLL-T3-3ULK TEMP, JDISFERENCE

RESINE '

(TH-T3)=/

[TA-T23X)

HEAT T2aN5T
CINSIOE

NJSSZT N3,
AND NJMINAL

»

/3

NJXA TN

)

- - L] - L
L AR SR R A A
PO U e e e

-
(53]

U0

SINSTaNT PIMPING

Hz AT
TJ3:

CRITZRTa 13 =

ol

R
aTl

K|
I2
‘JD .

I3
31443

IN THeIvAL

118

<A

vu/sp

D250 Ja450 0.653 JaB50 1350 14250 1%560 1.520

IBE
N

FULLY DEV.

C3EFFIZIENT 3A5ED N
NSHMI AL AREACFAIL

IA5Z) 29 INSIDZ JIa
ATZA

Je37 0.96 3.71 5.57
Ze01 «30 1.2% 1.2
X/D4 I=H P MJX
2.002033+27 105.921
0.13585-23 35.809
J.46257-03 57.970
0.218352-33 534145
Dell7%E5-22 514816
J2.1530:2-32 52.905
Ds18B5=-022 544342
S.22422-07 3,523
Te2398I-22 22,273
J.27353-72 304478

ANSFER
CONSTANT PUMPI

Fril/A43

PIMER SMJIDTH TU3E
CIEFF.FI2 S¥I0TH
NG

PIWER s

let25

57 B3.30 90467 934064 72.98 85.48 83,18

43,11 45441 49471 5301 56431 57.30

Se?7 039 led2
41.015% W/S5Je
RESIINGNUF = 53,

.43 12.29
Ca?7 Je39

REYMNILDSyRED=

= 32311 A/52

1.02"

0.83 D.96

18.00 20.B5

45.2 6149

5846 803
WE

vz
PR

2f7 ) I'Ef

i
| -
|
i

ilolﬂr

0.500E+D5

Mz

45219 44426 %3433 33.97 29.17 25.83

1.00

21.71

69T .
735

FIND aXTALLY
IN TAZRMal FULLY DEVELGPCD

15.1% 1800 2085 2171

1451 1470

[
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DATA FOR &XPT N6 6

- VT T P L o ' L
¢ gl . L

REAL DIy dHpAX3aXE ¢V o VE My 1 4R 2Hs 33, FK

JIMENSIIN 1(13).x1l6:,Pta),,’;dtsnfJELD(R).):LDX(Tl.F]t?).th?l.
tXllJ),Td(lal-T3X(lO}vDrE{lC):KL(lJivKD{10);1!(10)’XVJ(lO)vZC(lO)'
+1T{lD)o!VUIIJi.KJIPi(IJIvXDQ(SlvK)litil,DD(?!;3K€Tl.DQDX(TJgBFIG
tT)9IFHIT )9 XD102) 4DSLPLIR),IP(2) : '
IPENCUNIT=1y FILZ="INPJT* +STATJS=" I D}
IPENIUNIT=3,=IL2="JUTPUT ,STAT SS=* NEY")

34T EXNIy M2, 044/5,001403,42,75/

JaTa ROAWRIAT/141556414035707

DATA FNJE/17.99372/

JaTa ][,H:'iﬁ,“F/Q,Q?,Q,QQ3,j.315,5,3/

JATA PaAl/3e.141532854/

JATA TR,3R/3JD 75240/

JATA H/a.zoa,0.279.9.335.3.335.0.335,3.305,3.335.3.395.3.279,
"00233/' ' :

DATA X1/000+0a25100451246550435910354102641.%57 -

JATA P/I%+0438.090205)10.0911459120541345+14457"

" DATA CPyFK/140072040.027370/

JATA PR/D.T03/

JaTa TESTI/31.130,58,373/ -

JATA X/3-0'3t0610-26!304570.55'0-35![.05!152§!1-q511052/

JAT 4 Td/55-336|69.70'S?.??OleZ.l%?u138-723|111-7711114-312.
*113.3?5'105.1057102-833/ T E

JaTA FIOT31/62.0/7

JaTa FFIl/0.228/

AV=DIaF3i AT s nyv e A

| PR VRS U W A T T

r



Filz: ws=171

sysT

120

Jutr2ur Al SI3MAYTEIY DENTRE, JH4aKA VYM/SP (4331-L

SKPZRIIMINT ND = 543 CURIENT= 1443 4 4£aTEZR RESISTaANIE = 8,75 JHM

SRI55-SECTIONAL AREA JF THI TJIE,AX = D.00335 5Q.% ,

ZRI53-STEITIONAL AREA IF FIN-TURE.AXF = D.02358 SQ.M

4Y2R4JLIC DLaMETER 24 = 0.0357% M

MZAN VELIZITV,V = 6484291 M/S

: = 12.94183

1455 TLOA ATIeM = 0403272 XG/S

MZAN VELIZITY IN SIN-TUZS,VF = T.83542 M/S

BTYNI_IS 4D.345ED IN INSIDE DIa.,RE] = 25612.79

ITINILIS NDW3A3ED OV AYDIRAULIC 21Aa.,38H= 15581a3%
SRICTEON FAZTIR CALZULATION: ) _ . .
aXIal JISTyX J400 3.25  D.45  D.65 3485 1406  1e25 la4b
p 400 8,00  5.50 10,00 11.5) 12.50 13.5) 14.50
IELA(UM AATER) D03 0452 2400 3453 4450 : " 5.5) 6450
DE_? EN <3/52.M D400 . 0453 1499  3.43 4445 5448 6447
DEL?X 2.47  4.98. 5.81 < 5,50 - 5,48  5.39 "
1 34332 OV Oi 24213 34325 04033 "Je323 0.028B. 04028
FA 34322 ON OJH 04205 34213 24015 J4015:;0.21%! C.01l4%

X X724 374 X/20 el =4 5 S NV S O B _
SN 34325:-03 De2472-03 2.3365 “ w12 it '
Je 55 JellEz-G2 0.3545-23 3.013) . DeD254" SR
J+85 Ja.1548-02 J4452E-23 2.0152 | D.0236"

1.35 0.1%2:-22 $+5593-23 2.0145 040286,

Le2s Je225E-02 "Je6T765-33 Jad143 T D.0279-

Lets De252:-02 0.7%643-23 3.0141 0.0275 i
axial JIS3TyX Je00  2.26  Ted5 D65 24836 1,06 1425  le%6
P 3400 2400 %450 12.00 11452 12450 13.50 . 14450
INIIZMENTAL PRESSJ2E C
3Py IR (X)) ‘ 4200 D450 1452 1452 1400 1.0 1.00
JX . 3425 3420 0.23  Je2) 0420 2420  0.20
DP/IX 15433 2,52 7450  7.53 5,00 5433  5.00
DFI(K) 0«07% 04313 2.035 C.039 J.025 0.026 24026
REETES Ga0%0 D307 24022 04220 04313 0313 0.013
X/ 030 3,71 557 2,43 12.29 15.14 18433 204856

CdELel{X) 0edZ 4400 4450  5.33 7450 8450 953 10450
DJIMENTIZIN LI5% PRESSURT D0P

IP/e373IAVEL 2 3430 1,17 1.31 1.75 2.13 2.48  2.77  3.0%
TH423%a . RESILT:
AL Lw_:T T2Z¥MP = 314193 °T  AIR 2JTLST TEYP. = 58.370 o
P3223TI=5 35 AIY EVALUATZD a7 T = 46.78) €
4IAT IN2JT T2 &8I 11524466 J/S D2 d4ATT :

HoaT IN?JT 223 JNIT L=ZN

CT+4 QL

75688547 M



FILzZ:

A=AT TaN5=z2%
JIALL

INSIOE

NJSS:.T ND.
AND NIJ4INAL

X/)
NJX/=NY

X
D33
J«J5
0«25
Je%t5b
Jasbhb
Je 35
1«35
le25
L+45
le52

SONSTANT PJMPING
Hzal TRANSFZ2

TJ3Z AT

ZRITZIR[A 33 =

: 121
3JT2UT 3UET CDYPUTER

4417} a1 SENTRZ, 244844 VM/SP {4331-L

JIST % 3¢J00 00050 02250 24450 04653 04860 14350 12250 14460 1520

T 55437 69470 87.77102.15102.7211147711%281113,37105,11102.83

Tax 31017 32465 37e55 42444 47433 52423 57412 52400 6693 6Ba37
{(TA-T3) X 34920 37404 50422 5971 51437 57454 57.69 51.85 38e2) 34.46

ESEEITIVE A4ZAT TUAVSTEI AREA A+ = 033597 SQeM

X/_ 9e33  Ded% Ceal7 2430 J4%3 DeS57 DND.TD 0.83 0496 1400

X/ Je00 DeB% 347l 5457 7¢%3 12427 15e1% 1BeDD-20+86 2171

4% 533 51.1 3707 31.7 3048 3143 ° 32.8 3545 §43.5 5‘?.9

NJX TDe3 5544 4Be2 4045 3345 #4347 4240 4647 6344 T0.3

NOA AZ PLOT {(TA-T3)X VvS X/L TU2yZ £ FII4 THE -~UVE WE FIND. aXIALLY
UNIHANZINS AALL-TI-3ULC TIZMP, JIZFEAIENCE IN THIRMAL FULLY DEVELQOPED
1514z : - - - -
(TA-Ta1=/ .

{TA-T3X) . 1«75 1e52 1417 1.00 0e93 131 1404 1el5. 1a57....leTt

14T TIANSFTR 2II=74.IN FHZAMaL AN

FILLY DEZVELIPED 23114y FHE = 31.564%

NUSSZLT NDe T4 T4I3MdaL TESTIINeNUF

SULLY DTV,

CIEFFIZTENT 3ASED ON

?TT'
1
|
I
A1
N
NJI41 AL AREAsFHI = 57.353 wltn. -1 -
3A5£) OY IMSIDE JIa "j
R4 2 143.561 o
il
-
[ -
ST UM
- \‘ : . tr [
Je33 D435 3471 5.37 94%3 12429 15414 13 %auzo «851 214
1475 1452 1417 1400 0,93 1.31 1.3% /1 151*1.57 .
{'”iﬂ : L 5
. ! _,4" . o
X/24 334 P2 NJX R T
3.02322+32 73.825 -
0s15302-23 65383 “
3-6b325‘33 48-225 ‘-—g“-o';;';' ,‘- |
7.11732-22 404554 SIS TR NS I
J.15835-272 33.%52
0.213%2-22 674574
De2734%2-02 414279
De3214E=D2 4545637
3.37245_32 53.3?5
"0.38773-0¢2 72.283

24z SMOITH Tu2c RZYNILDS,ED- De&4I=+0>3
CIEFFLFIR SvDOTA
SONSTANT PJMPING PIAS4HD = 424052 Ad/S3. M T
FAI /43 = 1.3564



122

FllLo:r TP FOITR AN Al SUcT CAOMPJTER CENTREYy DHAKA vH/SP
C PRUSRAY 1 . , Ti
C POOSRAM TU COMVIRT ZACH THERMICOUCLLE IFADING IN My TO TEMP, IN T
C PDesnike TUNTIGRA DR ) Tt
C PROGRAM PO“ 1-;.-#u$5-7“?51? BLEZIERC R B ] 4 T
C T TEANS EXPRRIMTNTAL wWalt TN, TN NCLGRECE CENTIGRADE T
C VY MEARS IKPFPT“_NTML T!FD‘]r“lef QFAWLN” IN My Ti
s ' oy . : e I” T
C B P T 2. T
REAL ETHY,ET
TIMEMIION TTUWIBO)aTOLIS) TV {1LE ), T[?Q)
TJPE{UNIT=1yFILD=YINPUT,STATUS=OLDY)
IPZTIIMIT=3 " ILL="UT2UT T« STATUS PNEW®)
AT T/ el ancans T artneDastS e et Fa 100l 00sllnelZerl3aslbay,
115!!}.Uovl?ollgnyl?tvar_}-!glo_2?_1!23-!24!1250’26.1270'250!
2”9.,30-,31.,32.,33.,34-.35..~_.,3’.,3L-.?r-JQO.yQI.yQP.,

34 e 80 a 4 D ey b e st Ta rel e 17 a e 04901 6909204345301 50643455e9586ac
4T a1 D2 e5 70350018 anhrl evPh a4 fliasfbS5asnBa 16T e 1604969 T00wy

3T lea T 2at 73 at Tha s T 5ar Thne T T oy T30 0T 70 4B ey Rl w9243 83498G42"
03501 80e1ETea28e98% 700 1% ] er 920173007202 950995419T 49924 '
T79 a9 lO00e sl Le 002y 1N 31N8 el N0a sl 0B el Tasl10843109041104.4
8111.7112-,113.oll¢-yllgavlli-'IIT..

UaTa TMV/O-,O.GBU a7l 400117974135 !C-_.St0l234y012?31
+0431 2047514032140, 43U+Q-97055-)1090.5*?10‘58910.629|0.669,
PO e 70T 0a Ty 0T 5004830007030, 11 90e951404952914032¢1.073»
tlelldslaloSelel 20l 23T e e 2T 712220410361 91 4640341 .4%%1 1424,
‘ltBﬁEpllﬁﬁqyl-ﬁ1111n55?7lhﬁ?5-]0735’1 73“11 R?Z'l 365‘1 9071
*lo?ﬁOjlo??E':-OBE a?ip,-l;1l3.16+, -¢OT ? ?qj'L.L94’2 337;
+2.340,2.@2412.45?'2.r11. i“‘!?-n‘?o7 :431‘.5871(.7311L¢775'
2051920804208, 2003, 2,377 40, 1 D374 a131 34176930221
+3 . T hoy a3 iRy R 0Ty 30002, 447 43, &I]n.. 32¢34059493.,5630+3,375,
P e Tl e Tl 3421200387, 2,208, 3,7752,7 Dqﬂ'q. G442 001144137
g, 1uﬁy¢oZJ1gﬁ.?7‘1@a32@|4’371f4.b;8 GattoBpbeD1214055F964.607T,

ol

)

*‘fthrié‘- DLy 4 o T2 s G a T30 400 40, L0 e aP3044.9374y5.03545.083/
ARLT {24 7) ) '
7 FirdaT(2aX "My -TEVEERATIHRT Y /2N Y CONVTRTION TABLEY///)
ﬁAIlu( 3y 10} . .
12 FUTAATL Yy YRR TIING HHS',QX.'HV’,ﬂK.'TFJD Cr/oXa 110 ") saXe2("_"),

*ay T "))
1) 200 I=1+37
ﬂhqﬂ( s 13TV

15 FudHaT(fFoe.3)
DG 50 K=2Z41158
Jd=4-1

IF LT aVIT)I-TWYIK)) 32,44,T70

AT TEAS 24 ETHYIT Y THYLIS )« THWHIL Y T{JIY,THK)

FURAATIOA953F1 5451} ’
STCIN=(LETOVIIN=THYIDU)) (TLO)-TEIIN ATV -THVIIN Y1 +T LS d)
Gl T 55

oo
[T
SRR Y

G4 0 ETLL)=T(O)

) T3 253
50 CAMTINNIE
55 Jri[c(’yhbllpL=1V(I] ERESY ‘
] FFQUAT(lqivIE!’Kv £+393Y,F2,3)
302

e e e e R B R R R I R R B e R e B B R e I R R e R R i R i e e R e

a
CONTINUL
5T

3
[

7



FiLeks
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EeIN EE NI I o2 (RS IR VRN

S R AT I ¢ ILF I
PRl LNV I AN IR o I N I &4 Y

)
B
EWY IV G #

4G o
e G z
a.y01

=
N
(94 IR %]

£ ma

n
3
L]
3
e
R B YR

-
0o o= )

»
NYIRINENS
-~

i) g
L]

[N C R VIR
- 7

.
-
o

G
.
[
[Se}

"
-
&

i
a ‘s
RV A I W

NI
WD AT ED A U

e

Ja

EN

~

Pe ey

ok
—

4

3.3"’?9
1.2058

ORI L

31,130
414590
A1 o £ 85
6% 8355
OG0 3
SRaT0OH
57.F 18
3?.7!3‘3
RO ,L,0Ont
1n12.14%3
L3 .257
JRREEIPE
107.104
1114771
1072.417
114.7212
114,202
113,875
P13,
Les
104,215

G
. 159
Bila7u3
4 -
ITL.EOD
Dl.edl
- mo
P e
&

e

- [

R B

[ BV ST S IS s O I
o

RV TRV B B 4
-
e}
~ogy

=1 =4 0
-

)
3
)

3
o~
-

CENTREy

DHAKA

yrssp

.



e

2.

Se

4.'

Se

6.

.

REF ERENCES

' Bergleé, A.'E., Brown, J.'S. Jr.,énd Snider W, D.," Heat

Transfer performance of Internally Finned Tubes," A S M E
paper of 71 - H T - 31, presented at A S M E — AI ch B
Heat Transfer conference, Tulsa, Okkhoma, August 1971.

Watkinson A. P.," Turbulent Heat Transfer and Fressure

' drop in Internally Finned Tubes * AI ch E Symposium series

Vol 69, No 131, 119?3 FF, 94 - 103.

Watkinson, A. F. et al, " Heat Transfer and pressure Drop
of Internally Finned Tubes in Turbulent Air Flow," ASHRAE

-234/ Atlantic 01ty, NJ, January, 1975-

Bergles A. E.,et al, "FPerformance Evaluation Griteria
for Enhanced Heat Transfer surfaces, " AI ch E preprint
9, Nationsal Heat Transfer conference,Denver CO, August,1972.

Hilding, W. E. and Coogan, C. H. Jr., "Heat Transfer and

-Fressure Loss Measurements in Internal Finned Tubes,"

Symposium on Air cooled Heat Exchangers, A S' M E, National
Heat Transfer conference, Gleveland,OH,August 1964 FP 57-85,

Bergles, A. E. and Morton; Hel. "Survey and Evaluation of
Techniques to Augment Convection Heat Transfer,” Report
Ro., 5582 - 54, Dept of Meéh’ Engr., MI T’Feb- '1965 ‘Fe 380'

Watkinson, A . F. et al, " Heat Transfer and Pressure Drop
of Internally Finned Tubes in Lamnar 0il flow," A S M E

——————

75=-HT=41 ,National Hesat Transfer conference San Francisco

- C A, August, 1975.



8.

e

10,

1M,

12,

13

14,

125

Ruséell, Je Re and Carﬁawos; T. C. "An Experimental
study : Cooling Air in Turbulent Flow with Internally
Finned Tubes, " AT c¢h E No 28, National Heat Transfer

Conference, St. Louis, Mo, August, 1976,

Carnavos, T. C., "COOIing Alr in Turbulent Flow with
Internally Finned Tubes, " AI ¢h E paper No. 4, 17th
National Heat Transfer'Conference Aug, 1977.

Patankar, S, V. Ivanovic 4., ans Sparrow, E. M.YAnalysis-
of Turbulent Flow and Heat Transfer in Internally Finned
Tubes and Annuli, " A g M E Journal of Heat Transfer Vol
101 1979, | o

C. Prakash and Ye Di - Liu, "Analysis of Laminar Flow

and Heat Transfer in the Entrance Region of an Internally
Finned Circular Duet, " 4 ¢ M E Journal of Heat Transfer,
Vol 107 Feb., 1985,

Shah R . K. and Iondon A. L. * Laminar Flow Farced
Gonvectionrin Ducts, Academic press, Inc. New'Ybrk,ﬂQ?B.

E. M. Sparrow and D, gS. Kadle, " Effect of Tip-to Shroud
Clearance on Turbulent Heat Transfer From a Shrouded Long-

itudinal Fin Array, " A 8 ¥ E Journal of Heat Transfer
Vol 108 Augo 3 ']986. : '

¥ Molki and E M Sparrow, " An Empricel cofreletion for
the Average Heathransfer Coefficient in Circular Tubes,
" A'SM E Journal of Heat Transfer, Vol 108 May, .1986,



126

'15. E Ower & R, C. Fankhurst, " The measurement of &ir
~ flow."

'16. D. L. Gee and R, L. Webb, " Forced convectlon heat
' transfer in helically Tib =~ roughened tubes! Int.Journal
of Heat Mass Transfer Vol 23 FF. 1127 - 113%6.,1980.

17 S. B. Uttarwar. and M Raja Reso, " Augmentation of
Laminar Flow Heat Transfer in Tubes by means of Wire
Coil Inserts, " Vol 107 Nove. 1985 A S M E Journal
of Heat’ Transfer.

18. W. M, Kays. , " Convective Heat and MaséfTrénsfer.-“
19. J. F..Holman, " Heat Trénsfer. "

20. Donald Qs Kern and Alren D. Kraus, " Extendéd Surface
Heat Transfer, " - : '

27.  Schlichting, He " Boundary Layer Theory.."




	00000001
	00000002
	00000003
	00000004
	00000005
	00000006
	00000007
	00000008
	00000009
	00000010
	00000011
	00000012
	00000013
	00000014
	00000015
	00000016
	00000017
	00000018
	00000019
	00000020
	00000021
	00000022
	00000023
	00000024
	00000025
	00000026
	00000027
	00000028
	00000029
	00000030
	00000031
	00000032
	00000033
	00000034
	00000035
	00000036
	00000037
	00000038
	00000039
	00000040
	00000041
	00000042
	00000043
	00000044
	00000045
	00000046
	00000047
	00000048
	00000049
	00000050
	00000051
	00000052
	00000053
	00000054
	00000055
	00000056
	00000057
	00000058
	00000059
	00000060
	00000061
	00000062
	00000063
	00000064
	00000065
	00000066
	00000067
	00000068
	00000069
	00000070
	00000071
	00000072
	00000073
	00000074
	00000075
	00000076
	00000077
	00000078
	00000079
	00000080
	00000081
	00000082
	00000083
	00000084
	00000085
	00000086
	00000087
	00000088
	00000089
	00000090
	00000091
	00000092
	00000093
	00000094
	00000095
	00000096
	00000097
	00000098
	00000099
	00000100
	00000101
	00000102
	00000103
	00000104
	00000105
	00000106
	00000107
	00000108
	00000109
	00000110
	00000111
	00000112
	00000113
	00000114
	00000115
	00000116
	00000117
	00000118
	00000119
	00000120
	00000121
	00000122
	00000123
	00000124
	00000125
	00000126
	00000127
	00000128
	00000129
	00000130
	00000131
	00000132
	00000133
	00000134
	00000135
	00000136
	00000137
	00000138
	00000139
	00000140
	00000141

