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ABSTRACT

The demand for high-performance heat exchange devices having small  spatial
dimensions is increasing due to their need in applications such as aerospace and
automobile vehicles, cooling of electronic equipment, and so on. This had led to various
designs of compact heat exchangers. Offset-fin and plate-fin heat exchangers arc among
the most widely used designs. Heat exchanger have numerous applications in power

plants. industries, automobiles and electrical and electronic equipment.

Present work examines the heat transfer characteristic of steady state turbulent fluid
flow through circular smooth tube, circular tube with continuous internal longitudinal
fins and circular tube with internal longitudinal fins interrupted in the stream wise
direction by arranging them in an in-line manner. Experimental set up was designed and
installed to study the heat transfer performance and pressure drop characteristics in the
entrance region as well as in the fully developed region of the smooth tube. in-line
finned tube and in-line segmented finned tube. The tubes and fin were cast from brass to
avoid contact resistance. Air was used as the working fluid. The Reynolds number was
based on inlet diameter, Reynolds number varied in the range of 1.86 x 10" 10 3.97 x

10%. The test section was heated electrically.

Results indicate that for comparable Reynolds numbers. friction factor of in-line finned
tube is 1.93 to 3.5 times higher than that of the smooth tube. For comparable Reynolds
number friction factor of in-line segmented finned tube is 1.72 to 2.5 times higher than
that of the smooth tube whereas that for the latter is lower than that of the in-line finned
tube. Pumping power of a in-line finned tube is 2.44 to 3.41 times higher than that of
smooth tube for comparable Reynolds number. Pumping power of a in-line scgmented

finned tube is 2.21 to 2.34 times higher than that of smooth tube for comparablc

Reynolds number.



Heat transfer for the in-line finned tube is 1.7 to 1.8 times higher than that of smooth
tube for comparable Reynolds number. Heat transfer for the in-line segmented finned
tube is 1.77 to 1.9 times higher than that of smooth tube for comparable Reynolds
number. It is observed from experiment that for comparable Reynolds number heat
transfer and surface heat transfer coefficient for in-line finned tube and in-line
segmented finned tube are similar but for in-line segmented finned tube pressure drop is

less than that of in-line finned tube.

The results thus show that both inline finned tube and in-line segmented finned tube
produces heat transfer enhancement but in-line segmented finned tube results in the

same enhancement of heat transfer with less pressure drop.
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All dimensions are in SI Units.

Ax

Axf

Ah

Asg

Dh

Re

Rei

h

Cross sectional area of smooth tube (mz).
Cross sectional area of finned tube (m?).
Total heat transfer area of a tube (mz).
Effective perimeter of Finned Tube (m).
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Inside diameter (m).
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Inlet temperature.(°C)
Outlet temperature.(°C)

Mass flow rate. (kg/s)

vii



Total heat input to the air (W).

Heat input to the air per unit area (W/mz).
Axial distance (m).

Length of the tube (m)

Specific heat of air (j/kg"C).

Pressure (N/mz).

Dimesionless pressure drop.

Inlet static pressure (N/mP).

Mean velocity in inlet section (m/s).

Mean velocity in finned tube (m/s).

Density of air (kg/m3 ).

co-efficient of viscosity of air (micro kg/sec-m).
Kinematic viscosity (m?*/s)

Thermal conductivity of air (W/m°C).

Friction factor.

Room temperature (°C)

Atm. Pressure (mm of Hg)

Uncertainty
Specific gravity

viii



Subseripts

h Based on hydraulic diameter.

S Smooth tube i.e. unfinned tube.

f Finned tube.

W Wall temperature.
b Bulk temperature.
X Axial distance.
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CHAPTER -1

INTRODUCTION

The subject of enhanced heat transfer has developed to the stage that it is of serious
interest for heat exchanger application. The refrigeration and automotive industries
routinely use enhanced surfaces in their heat exchangers. The process industry is
aggressively working to incorporate enhanced heat transfer surfaces in their heat
exchangers. Virtually every heat exchanger is a potential candidate for enhanced heat

transfer. However, each potential application must be tested to see if enhanced heat

transfer “makes sense”.

Fins have extensive applications is power plants, chemical process industries, and
electrical and electronic equipment for augmentation of heat transfer. Enhancement
techniques that improve the overall heat transfer characteristics of turbulent flow in tubes
are important to heat exchanger designers. Efficient design of heat exchanger equipment
with fins can improve system performance considerably. Among several available
techniques for augmentation of heat transfer in heat exchanger tubes, the use of internal

fin appear to be very promising method as evident from the result of the past

investigations.

The demand for high-performance heat exchange devices having small spatial dimensions
is increasing due to their need in applications such as acrospace and automobile vehicles.
cooling of electronic equipment, and so on. This had led to various designs of compact
heat exchangers. Offset-fin and plate-fin heat exchangers are among the most widely used
designs. In an offset-fin heat exchanger, the interruptions of the fin surface prevent the
flow from becoming fully developed; the restarting of the boundary layer at each new
leading edge gives a higher heat transfer. Also, when longitudinal external fins are used
on circular tubes, they are sometimes interrupted in the stream wise direction to improve

their performance. It is, therefore, of interest to investigate the performance of an internal
longitudinally finned eircular tube with fin surface interrupted in the axial direction.
1



Number of studies have been made both experimentally and analytically with tubes
having internal fins in laminar and turbulent flow. In case of analytical investigations, the
analysis for laminar and turbulent flow is based on the differential equations for
momentum and energy conservation in the flowing fluid. From the experimental study, it
s evident that for both laminar and turbulent flow regimes, the finned tube and

segmented finned tube exhibited substantially higher heat transfer coefficient when

compared with smooth (unfinnd) tubes.

1.1 OBJECTIVES

Since finned surfaces have extensive application in power plants, chemical process
industries etc., a research work has been undertaken to study the heat transfer

performance in turbulent flow regime of air in a circular tube having internal in-line and

in-line segmented fins.

The study has the following objectives:

1. To study the friction factor, pressure drop and temperature variations for turbulent
fluid flow through circular smooth tube, circular tube with continuous internal
longitudinal fins, circular tube with internal longitudinal fins interrupted in the
stream wise direction by arranging them in an in-line manner for steady state

temperature condition.

1. To study the heat transfer characteristics for turbulent fluid flow through circular
smooth tube, circular tube with continuous internal longitudinal fins, circular tube
with internal longitudinal fins interrupted in the stream wise direction by

arranging them in an in-line manner for steady state temperature condition.



CHAPTER - 11

LITERATURE SURVEY

Enhancement techniques that improve the overall heat transfer characteristics of laminar
and turbulent flow in tubes are important to heat exchanger designers. It is evident that for
both laminar and turbulent flow regimes, the finned tubes exhibited substantially higher
heat transfer coefficients when compared with corresponding smooth (unfinned) tubes,

and thus significant savings can be made from employing finned tubes.

Kelkar and Patankar [1990] [25] numerically has analyzed internally finned tubes, whose
fins are segmented along their length. The fin segment is of length H in the flow
direction; separated by an equal distance H before the next fin. The analysis present that
the inline segmented fins give only 6% higher Nusselt number than that of continuous
fins and staggered arrangement give only 6% below Nusselt number than that of
continuous fins. However, the inline arrangement gives 22% lower friction than continuos
fins. It can be noted that staggered arrangement uses the same fin surface area as

continuous fins. However, the inline arrangement has half the fin surface area, because of

the axial spaces between fins.

Numerical predictions of developing fluid flow and heat transfer in a circular tube with
internal longitudinal continuous fins have been reported by Choudhury and Patankar
(1985) and Prakash and Liu (1981). A numerical investigation of fluid flow and heat
transfer in two-dimensional staggered fin arrays has been presented by Sparrow et al.
(1977), while performance comparisons for two-dimensional in-line and staggered fin
arrays have been made by Sparrow and Liu (1979). Experimental investigations of offset-
fin arrays have been presented by London and Shah (1968) and Joshi and Webb (1982).
The effect of plate thickness on heat transfer for two-dimensional staggered fin arrays has
been studied numerically by Patankar and Prakash (1981). Three-dmensional flow and

heat transfer in offset-fin arrays has been analyzed numerically by Kelkar and Patankar

(98]



(1985).For all values of fin height, number of fins, and Rayleigh number, the Nusselt

number and friction factor were found to increase significantly with Rayleigh number.

Heat transfer and pressure drop measurements were made by A. P. Watkinson, D. L.
Miletti, G.R. Kubanek [24] on integral inner-fin tubes of several designs in laminar oil
flow. Data are presented for eighteen 12.7 to 32 mm diameter tubes containing from six
to fifty 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 tube values by &
to 224% depending on tube geometry. At constant pumping power and the same

Reynolds number, the increase in heat transfer ranged from 1 to 187%.

Empirically determined correlating equations has been presented by T. C. Carnavos [23]
who predict turbulent flow heat transfer and pressure loss performance within acceptable
limits in the overall ranges of 0 < a < 30°, 10,000 < Re < 100,000, and 0.7 < Pr < 30.
There is no strong indication that these types of tubes are Prandtl number sensitive.
However, there is an indication that the spiral fin tubes deviate the most from the slope of
0.8, which becomes more pronounced at the higher helix angles and lower Reynolds
numbers. The best performers were in the group of tubes with the higher helix angles and

internal heat transfer surface relative to a smooth tube.

Hu and Chang [10] analyzed fully developed laminar flow in internally finned tubes by
assuming constant and uniform heat flux in tube and surfaces. By using 22 fins extended
to about 80% of the tube radius, they showed are enhancement as high as 20 times that of
unfinned tube could be realized. Soliman et al. [18] also analyzed fully developed laminar
flow, but accounting for conduction in the tube wall and fins, and keeping the outer
surface of the tube at a constant temperature. In a later study, Prakash and Patankar [17]
investigated the influence of buoyancy on heat transfer in vertical internally-finned tube
under fully developed laminar flow condition. Analyses of thermally-developed laminar
flow in internally finned tubes were carried out by Prakash and Liu [16] and Rustum and

Soliman [18] by numerically solving the governing equations. They concluded that

4



accordingly, and thus delays the development of the local Nusselt number in the entrance
region of the duct. Mafiz et al. [12-13] studied experimentally steady state turbulent flow
heat transfer performance of circular tubes having six integral internal longitudinal fins
and there in his work Mafiz found an abrupt pressure fluctuation near the entrance region
of the tube. This study indicates that significant enhancement of heat transfer is possible
by using internal fins without sacrifying additional pumping power. Experimental data for
pressure drop and heat transfer coefficient in internally finned tubes has been reported,
among others, by Hiding and Coogan [8], Bergles et al. [1] Watkinson [21], and Rustum
and Soliman (19). Bulk of these data are characterized the laminar flow regimes using air,

water and oil as working fluids.



CHAPTER - II1

HEAT TRANSFER PARAMETERS

In this chapter the basic definition of heat transfer parameters and thermal boundary

conditions in connection with the present work have been discussed.

3.1

3.2

THERMAL BOUNDARY CONDITIONS

In the present experiment, uniform wall temperature is considered.
DEFINITION OF PARAMETERS

Hydraulic Diameter:

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

is defined as

_ 4x(Crosssectional areaof the flow)
" Wetted perimeter

4xxD;? i
"D, +2NH Cad)

(Assuming thin fin)

In the present study, fins can not be assumed as thin and hydraulic diameter Dp was

obtained as follows:



44,
D, =———m (3.2)
7D, +2NH

D,
where A4, = (—4—’ -N WH) sq. m

Reynolds Number:
Reynolds number based on inside diameter is defined as

s (3.3)
H

Re.

i

Reynolds number based on hydraulic diameter is defined as

.oV
Re, = 270 (3.4)
H

Pressure Drop and Fanning Frigtion Factor:

The dimensionless pressure drop at any axial location X, is given by the following

equation,

P*(x) = - AP(x)/1/2pV?2 (3.5)
Where AP = Pj - P(x)

Pi = Pressure at inlet (N/m?)

P(x) = Pressure at any axial location, x (N/mz)

The local friction factor based on hydraulic diameter is given by

_ar/nh (3.6)

F}f . 2
2pV"



The local friction factor based on inside diameter is given by

F o= !—AP/x!D G.7)

f 2pV?
Heat Transfer: Uniform Heat input per unit axial length:

Total Heat input to the air

Q=MCp (Ti-To) W (3.8)
For Smooth Tube

Heat input to the air per unit area

Q' =MCp (Ti - ToYAsL ~ W/m’ (3.9)

The local bulk temperature of the fluid Tp(x) can be defined as by the following heat

balance equation

'A.x
T,(x)=T+ ic °C (3.10)

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

h g

= ir—:ﬁ W/m*°C (3.11)
w h/x

The Average heat transfer Coefficient can be defined as

_9
A(T - T;PHI' )

wan

A= W/m?°C (3.12)



For In line Finned Tube

Heat input to the air per unit area

Q' =MCp (Tj - To)/AnL W/m® (3.13)

The local bulk temperature of the fluid Th(x) can be defined as by the following heat

balance equation

'A x
L) =% +Qﬂﬁ o (3.14)

”

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

defined as

Ol

h = —— W/m?°C ' , (3.15)
R ¢y 8

The Average heat transfer Coefficient can be defined as

_ 0 )
h=——"——— W/m*°C 3.16
AT, ~Tp) n ]

wav

For In line Segmented Finned Tube

Heat input to the air per unit area

(A4, + A, +A4,)L

10



The local bulk temperature of the fluid Th(x) can be defined as by the following heat

balance equation

Q' A,x
7},(x)=T,-+~j-MC—’p e When x <L, (3.18)
'4.(0.2
E,(x)f=(ﬂ),_|+w °C When L, <x <2L, (3.19)
MC,
'4.(0.2
H,(x),=(E),-.+Q—A;((:—) °C When 2L, <x <3L, (3.20)

r

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

defined as
Ol
h = —=— W/m?*°C (3.21)
IR & s %

The Average heat transfer Coefficient can be defined as

_ 0 )
h=—"="— W/m-°C 3.22
D (3-22)

wanr

Pumping power can be defined as

Pm = (-AP/p) M

——L= —AVp W (3.23)



4.1

CHAPTER - IV

EXPERIMENTAL SET UP AND PROCEDURE

Experimental set up was designed, fabricated and installed to study the friction factor
and heat transfer performance of circular smooth tube, circular tube with continuous
internal longitudinal fins, circular tube with internal longitudinal fins interrupted in
the stream wise direction by arranging them in an in-line manner. The schematic
diagram is shown in the figure (Al and A2). Air was used as the working fluid. Air in
the test section was supplied by a centrifugal fan fitted at the end of the set up. It was
driven by a motor [3 phase, 3hp, 420V, 4.1A]. The maximum flow rate under the free
operation was approximately 30 m°/min. A butterfly type valve was used to control
the flow rate of air during the experiment in the test section and it was installed after

the test section. The set up consisted of three sections:
[. inlet and flow measuring section
II. heat transfer test section and

I11. fan assembly.

INLET SECTION

The unheated inlet section (shaped inlet) cast from aluminum and heat transfer test
section cast from brass are of same diameter. The open end of the pipe would
probably act to some extent as a sharp edged orifice, and the air flow would contract
and not fill the pipe completely for a short distance from the end. This effect was
avoided here in the experiment by fitting a shaped inlet. The pipe shaped inlet, 530
mm long, (Fig. A3B) were made integral to avoid any flow disturbances at upstream

12



4.2

of the test section of flow measurement. The coordinates of the curvature of the

shaped inlet was suggested by Owner and Pankhurst (7) which is represented in table

(C2), Appendix-C.

TEST SECTION
Circular Smooth tube

The test section contains circular smooth tube(1520 mm long and 70 mm inside
diameter) to avoid contact resistance. The fin and tube assembly was cast from brass,
because of its high thermal conductivity and easy machinability.

Circular in line Finned Tube

The test section contains eight internal integral longitudinal fins (3mm width and
15mm height, Aspect ratio 5) with circular tube(1520 mm long and 70 mm inside
diam.eter) to avoid contact resistance. The fin and tube assembly was cast from brass,
because of its high thermal conductiv.ity and easy machinability. Two halves of
circular tube with integral fins were cast separately and joined together to give the
shape of a circular tube. Fig. (A3A) depicts the tube configuration and dimension. As
two halves were joined at the line of symmetry, it did not effect thermal and
hydrodynamic results of the experiment.

Circular in line Segmented Finned Tube

The test section contains circular tube (1520 mm long and 70 mm inside diameter)
with eight internal integral in line segmented longitudinal fins (3mm width and 15mm
height, Aspect ratio 5 ).Fins are present in the first 0.5066 m of length and last
0.5066 m of length and in the middle 0.5066 m of length is smooth tube. The fin and
tube assembly was cast from brass, because of its high thermal conductivity and casy
machinability. Two halves of circular tube with integral fins were cast separately and
joined together to give the shape of a circular tube. Fig. (A4) depicts the tube
configuration and dimension. As two halves were joined at the line of symmetry, it

did not effect thermal and hydrodynamic results of the experiment.



4.3

All of the test sections were wrapped with mica sheet, glass fiber tape and insulation
tape. Over mica sheet nichrome wire (of resistance 0.610 ohm/m) was spirally wound
uniformly with spacing of 8 mm between the fins. The nichrome wire was covered
with mica sheet, glass fiber tape and insulation tape to make it electrically insulated
by covering with asbestos. The test section was placed in the test rig with the help of
the bolted flanges, between which asbestos sheets were installed which act as heat

guards in the longitudinal direction.

The test section electric heater was supplied power by 5 KVA variable voltage
transformer connected to 220 VAC power through a magnetic contactor and
temperature controller. The temperature controller was fitted to sense the air outlet
temperature and give signal to heater for switching it off or on automatically. It
protects the experimental set up from being excessively heated which may happen at
the time of experiment when the heating system is in operation continuously for hours

to bring the system in steady state condition. [t also controls the air outlet

temperature.

Electric heat input by nichrome wire was kept constant for all the experiments. In all

the experiments 110V and11.5 Amp were maintained.

The electrical power to the test section was determined by measuring the current and
voltage supplied to the heating element. The voltage was measured with a voltmeter
and current was measured by an a.c. ammeter. Fig. (A8) shows the electrical circuit
diagram of the heating system of the test section. The particulars of the electric

heater, temperature controller and fan are given in table (C1) in Appendix-C.
FAN ASSEMBLY

A diffuser of cone angle 120 was made of M.S plate and fitted to the suction side of
the fan. The diffuser was used for minimizing head loss at the suction side. To arrest
vibration of the fan a flexible duct was installed between the inlet section of the fan

and 7.62 cm diameter pipe of the set up as shown in the Fig. (A2). A butterfly type
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4.4

valve was used to control air flow rate during experiment at the suction side before

the flexible duct.
FLOW MEASUREMENT BY TRAVERSING PITOT

Flow of air through the experimental set up was measured at inlet section with the
help of a 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 Owner and Pankhurst (7), from the inlet a traversing pitot was installed.

A drawing of the Micrometer traversing pitot is shown in Fig. (A7).

To find out the location of pitot tube for measurement of velocity head, the tube
diameter was divided into five equal concentric areas and then their center were
found out by using the following calculation. And the locations for the traversing

pitot is shown in the Fig. (A10).Arithmetic mean method is given bellow:

l Rz_ 2
s T
1, = 0447R
1

2
EERZ =]zr2?._ﬂ_rl_

1 2 2 2
= ER' +(0447R)" =1’

try = DBILR
Similarly,

1, =0.774R

r, = 0.894R
E=1R

2

o aR® +7(0.894R)’
s 2




4.5

4.6

oy = 0.948R

7(0894R)’ + 7(0.774R)’
2

Again m'? =

<, =0836R

Sl

Similarly

ri_, = 0.7065R
r_, = 0547R
Po= 03108

Mean velocity was measured by traversing pitot tube along the diameter of the pipe at

ten measuring points.
MEASUREMENT OF STATIC PRESSURE

The static pressure tappings were made at the inlet of the test section as well as
equally spaced 8 axial location of all the test section as shown in Fig. (A.5). Pipe wall
pressure tappings for measurement of static pressure were made of brass and installed
carefully such that just flush inside the surface of test section. The outside parts of
these were made tapered to ensure an air tight fitting into the plastic tubes which were
connected to the manometer and pressure transducer. Epoxy glue (Araldite) was used

for proper fixing of the static pressure tappings. U-tube manometers at an inclination

300 were attached with the pressure tapping. The manometric fluid used in the U-tube

manometer was water.
MEASUREMENT OF TEMPERATURE

The temperatures at the different axial locations of all the test section were measured
with the help of K-type thermocouples along with data acquisition system and

computer at five minutes interval. The temperature measuring locations are-

1. Fluid bulk temperature at the outlet of the test section.
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il. Wall temperature at 8 axial locations of the test section.
iil. Fin-tip temperature at 8 axial location of the test section.

The bulk temperature of the air at the outlet of the test section was measured using a

thermocouple at the outlet of the test section.

To find out the location of thermocouple for measurement of outlet temperature, the
tube diameter was divided into three equal concentric areas and then their center were
found out by using the following calculation. And the locations for the thermocouple

is shown in the Fig. (A9). Arithmetic mean method is given below:

D=0.07 m
r=.035m
A= m;*=.0038485

= 4 = 4, = A, =.0012828

Q| = AlVPC.v(Tm _Y:)

0, = AVpC,(T,, - T)
O3 = A4 3VpCp(T); = T)

.(_) = A I/:C)(‘J'(’]-;I(Jr - T:) = g._)l i Ql + Q,\ = AII//)('!'(?TM + 7}-3 + 71!13 - 37:)

A

. Z(T =T) =T, + T, + 1,3 =3T))
1

hav

_ T:’rl H# T."rl o+ T:').?
hav T 3



2 2
AI =7~

0012828 = 7(.035)" — ;"

1 =0.0286m

2 2
A, =my -

~

0.012828 = 7(0.0286)* — 2"

r, =0.02024m
Now
2 2
R} = il v
2
R, =0.03196
szz i
2
Ry =0.02475
R; =0.0143

R, =0.035- R, =0.00304

Ry =0.035- Ry =0.01025

R; =0.035— Ry = 0.02068

Mean outlet temperature was measured by traversing the thermocouple along the

diameter of the pipe at three measuring points.
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For Smooth Tube

8 thermocouples were installed in 8 cross section (Fig. A6) with one in each cross
section to measure the wall temperature of the test section. All the thermocouples and
the data acquisition systems were calibrated before their use. Thermal contact
between the brass tube and the thermocouple junction was assured by peening
thermocouples junction into grooves in the wall. Thermocouples were inserted into

the holes and peened into the grooves of the tube wall.

For In Line Finned Tube

section to measure the wall as well as the fin-tip temperatures of the test section. All
the thermocouples and the data acquisition systems were calibrated before their use.
Thermal contact between the brass tube and the thermocouple junction was assured
by peening thermocouples junction into grooves in the wall. Holes were drilled across
the height of the fin in 8 cross section to measure the temperature of the fin-tip.

Thermocouples were inserted into the holes and peened into the grooves of the fin-tip.

For In Line Finned Tube

14 thermocouples were installed in 8 cross section (Fig. A6) with two in each cross
section to measure the wall as well as the fin-tip temperatures of the test section in 6
cross section. All the thermocouples and the data acquisition systems were calibrated
before their use. Thermal contact between the brass tube and the thermocouple
junction was assured by peening thermocouples junction into grooves in the wall.
Holes were drilled across the height of the fin in 8 cross section to measure the
temperature of the fin-tip. Thermocouples were inserted into the holes and peened

into the grooves of the fin-tip.



4.7

PROCEDURE OF EXPERIMENT

The fan was first switched on and allowed to run for five minutes so that the transient
characteristic died out. The flow of air through the test section was varied and kept

constant with the help of a flow control valve. Then electrical heating circuit was

switched on.

The pressure tapping for measuring static pressure were connected with inclined (30°
) U-tube manometers (The manometric fluid was water) and pressure transducers.
The readings for the velocity head were taken by traversing the pitot along the
diameter of the pipe. Inclined tube manometer was used for measuring velocity head

and the fluid in the manometer was high speed diesel with sp. gr. 0.855.

The electrical current was adjusted with the help of a Regulating Transformer (or
Variac) to attain steady state condition for a particular Reynolds number. Steady state
condition for temperature at the different locations of the test section was defined
according to D.L. Gee and R.L. Webb (5) 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 condition was attained when the outlet
air temperature did not deviate over 10-15 minutes time. All the thermocouples

readings were taken at steady state condition.

After one run of the experiment at a particular Reynolds number, the Reynolds
number was changed with the help of the flow control valve keeping electrical
power input constant. All the thermocouples readings and static pressure readings

were taken at every tapping along the axial direction for each run of the experiment.



CHAPTER - V

UNCERTAINTY ANALYSIS

A more precise method of estimating uncertainity in experimental results has been
presented by Kline and McClintock [26]. The method is based on a careful specification

of the uncertainities in the various primary experimental measurements.

Determination of Mean Velocity:

172
V= 20.56(27:;H) (h)'?

RoomTemperature

t =30.8+0.02%"C
atm..pressure

b = 743.5+0.1lmmofHg

h = 0.58 £ 0.001cmoffluid

The uncertainty in this value is calculated as follows.The various terms are:

w, =30.8x0.0002 = 0.0062°C
w, = 0.1lmmofHg
w, = 0.001cmoffluid

Change of velocity with respect to temperature

o . -172
B e 20.56x1(27”’] Ly
2\ b b

[273+30.8JV2 I 0.58)
743.5 743.5 "

1
2
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Change of velocity with respect to Atm. Pressure

ov 1(273+0)""
— =20.56— 273+ 2 (h)'"?
= 20s63( B @rsap

-112
= 20.561(MJ (273 +30.8)743.5)Y ?(0.58)'"?
2( 7435

=0.183

Change of velocity with respect to manometric head

. 172
o 20.56[273 4 ’] Ly
oh b 2

- 1/2
273+30.8) _;_(0_58)_,,2

= 20.56(
743.5

= 8.64
Thus, the uncertainty in the velocity is
/2
(81/ ) [aV ]2 (aV ]2 /
Wy =| | —W, | +|—=w, | | =W
ot ob oh
/2

= [(0.0165><0.0062)2 +(0.183x0.1) +(8.64 % 0.001)2]/
=0.02024m/s
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Total Heat input to the air

Q=MCp (To-Ti)

0 = pAVCp(T, - T;)

A, =0.00385+0.001

V =10.16£0.02024

T, =41.131£0.02%

T; =30.8+£0.02%

The uncertainty in this value is calculated as follows. The various terms are:
wA' =0.001

wy = 0.02024
wy, = 41.13%0.0002 = 0.00823

wr, =30.8x 0.0002 = 0.0062
Change of total heat input with respect to area

aQ
= = 0[/( » 1 —1_
a[ !( o f)

=1.14x10.45x1006x (41.13-30.8)
=0.124x10°

Change of total heat input with respect to velocity

oQ
—= = pAC,(T, =T,
BV p l(u r)

=1.14x.00385x1006 x (41.13-30.8)
=45.61
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Change of total heat input with respect to outlet temperature

oQ
— = pAVC,
oT, P !

=1.14x.00385x10.45x1006
=46.14

Change of total heat input with respect to inlet temperature

oQ
“% — _pdVC,
ar ¥

=—-1.14x.00385x10.45x 1006
=-46.14

Thus, the uncertainty in the Total Heat Input to the air

2 2 2 2 /’
w, = ?gw4 + wiV + Qw,. + iQw,.
¢ \aa ov or, ) \or "

= [(o 124x10° x 0.00001) +(45.61x 0.02024) +(46.14x 0.00823)" +(~46.14x 0.0062)°

=1.62W
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Friction Factor:

Local friction factor based on inside diameter is given by

_(AP/x)D,
L 27

AP =0.99456 +0.25%

x =0.06 £0.00001
D, = 0.07+0.00001
V =11.92987 £0.02024

w,, = 0.99456 % 0.0025 = 0.00249
w, =0.00001

w), = 0.00001

w, = 0.02024

Change of friction factor with respect to pressure drop

oF D,

AP  2pVx

_ 0.07

T 2x0.9947 x (11.92987)% x 0.06
=0.00412

Change of friction factor with respect to axial distsnce

0F,  APD,

R 20V %%’

~ 0.99456x 0.07

T 2%0.9947 x (11.92987) x (0.06)*
=0.068
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Change of friction factor with respect to inside diameter

oF, AP
oD, - 20V

_ 0.99456

T 2x0.9947 x (11.92987)* x (0.06)

=0,059
Change of friction factor with respect to velocity

OF, _ _, APD,
v 20V x

B 0.99456x 0.07
~0.9947 x (11.92987)" x (0.06)

= 0.00069

Thus, the uncertainty in the Friction factor

oF Y (o Y (oF Y (oF Y /?
W, = [—'WN.] +(—-lw‘.] +|—w, +[—-’-w,;}
'~ | aap B oD, " oV

. [(0.00412 %0.00249) + (- 0.068 x 0.00001)" +(0.059x 0.00001)" +(=0.00069 x 0.02024)3]y 1
=0.00373
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CHAPTER - VI

RESULTS AND DISCUSSION

In this experimental work fluid flow and heat transfer performance were studied.
Pressure drop characteristics and heat transfer performance were calculated for
circular smooth tube, a circular tube with continuous internal longitudinal fins, a

circular tube with internal longitudinal fins interrupted in the stream wise

direction by arranging them in an in-line manner.

Analysis For Smooth Tube:

The graph of dimensionless pressure drop P* VS. X/L and X/D is shown in the
figure B1 and B7 respectively. The pressure gradient is high in the entrance
region, then pressure recovers and finally approaches the fully developed values
away from the entrance section. Figures B2 and B8 show the friction factor Fi VS.
X/L and X/D respectively. It can be noticed that the friction factor is high near the
entrance region due to large pressure drop then falls gradually to fully developed

value. It can be noted that as the Reynolds number increases Friction factor

decreases.

Figure B3,B4 and B9,B10 shows the wall and bulk temperature distribution VS.
X/L and X/D respectively for six different Reynolds number. The wall
temperature was found by direct measurement as described earlier and the bulk
temperature was determined by energy balance equation (equation 3.10). At
higher Reynolds number the wall temperature is low because more heat is taken
away by the air. The figure shows that there is a portion of the test section where

the wall and the bulk temperature distribution are parallel, yielding a uniform

value of (Tw - Th).

Figure BS and B11 shows the variation of Local Heat Transfer Coefficient VS.
X/L and X/D respectively. Heat Transfer Coefficient is large in the entrance

27



region due to the development of thermal boundary layer with the entrance section
at the leading edge. At this portion the cold air start to mix up with the hot tube. It
decreases with increasing the axial distance approaching the fully developed
values. The figure shows that at higher Reynolds number, the curve of the local
Heat Transfer Coefficient along the length of the finned tube is higher. This is
expected because a higher flow rate results in increment of heat transfer

coefficient at tube surface.

Figure B6 and B12 shows (Tyw - Tp)x VS. X/L and X/D respectively for different
Reynolds number. The (Tw - Tp)x value is low in the entrance region, then it

rises gradually and reaches to the fully developed value.

Figure B13 shows the heat transfer results of smooth tube as a function of
Reynolds number and compares with that of the theoretical value. It can be
noticed that the slope of the heat transfer curve for experimental value and that of

the theoretical value are almost same.

Analysis For In-Line Finned Tube:

The graph of dimensionless pressure drop P* VS. X/L and X/D is shown in the
figure B14 and B21 respectively. The pressure gradient is high in the entrance
region, then pressure recovers and finally approaches the fully developed values
away from the entrance section. The dimensionless pressure drop of In Line
Finned Tube is higher than that of Smooth Tube. Friction factor was calculated
from the pressure measured from 60 mm down stream of the inlet section. Figure
B15 and B22 shows the friction factor Fi VS. X/L and X/D respectively. It can be
noticed that the friction factor is high near the entrance region due to large
pressure drop then falls gradually to fully developed value. It can be noted that as
the Reynolds number increases Friction factor decreases. It also can be noted that
friction factor for a In Line Finned Tube is much higher than that of a Smooth

Tube, but the slope of the friction factor curve of the finned tube is nearly equal to

the Smooth Tube.



Figure B16, B17 and B23,B24 shows the wall and bulk temperature distribution
VS. X/L and X/D respectively for six different Reynolds number. The wall
temperature was found by direct measurement as described earlier and the bulk
temperature was determined by encrgy balance equation (equation 3.14). At
higher Reynolds number the wall temperature is low because more heat is taken
away by the air. The figure shows that there is a portion of the test section where

the wall and the bulk temperature distribution are almost parallel, yielding a

uniform value of (Tw - Tp) as expected from constant heat rate. Just up-stream

of the exit, the slope of the wall temperature gradually falls due to end effect.

Figure B18 and B25 shows the variation of Local Heat Transfer Coefficient V5.
X/L and X/D respectively. Heat Transfer Coefficient is large in the entrancc
region due to the development of thermal boundary layer with the entrance section
as-the leading edge. At this portion the cold air start to mix up with the hot tube. It
decreases with increasing the axial- distance approaching the fully developed
values. Just up-stream of the exit, the slope of the Heat Transfer Coefficient
gradually rises due to end effect. The figure shows that at higher Reynolds
number, the curve of the local Heat Transfer Coefficient along the length of the
finned tube is higher. This is expected because a higher flow rate results in
increment of heat transfer coefficient at both tube surface and the surface of the

fins. The average Heat Transfer Coefficient of In Line Finned Tube is higher than

that of Smooth Tube.

Figure B19 and B26 shows (Tw - Tb)x VS. X/L and X/D respectively for different
Reynolds number based on inside diameter. The (Tw - Tp)x value is low in the

entrance region, then it rises gradually and reaches to the fully developed value.

Just up-stream of the exit, the slope of (Tw - Th)x gradually falls due to end

effect.

Figure B20 and B27 shows the wall, bulk and fin tip temperature distribution VS.

X/L and X/D respectively for one Reynolds number.
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Analysis for In-Line Segmented Finned Tube:

The graph of dimensionless pressure drop P* VS. X/L and X/D is shown in the
figure B28 and B35 respectively. The pressure gradient is high in the entrance
region, then pressure recovers. In the middle unfinned portion of the tube pressure
gradient is very low and finally approaches the fully developed values away from
the entrance section. The dimensionless pressure drop of In Line Segmented
Finned Tube is higher than that of Smooth Tube and lower than that of In Line
Finned Tube. Friction factor was calculated from the pressure measured from 60
mm down stream of the inlet section. Figure B29 and B36 show the friction factor
Fi VS. X/L and X/D respectively. It can be noticed that the friction factor is high
near the entrance region due to large pressure drop then falls gradually to fully
developed value. It can be noted that aas the Rey nolds number increases Friction
factor decreases. It can be noted that friction factor for a In Line Segmented

Finned Tube is much higher than that of a Smooth Tube and lower than that of In

Line Finned Tube.

Figure B30, B31 and B37, B38 shows the wall and bulk temperature distribution
VS. X/L and X/D respectively for six different Reynolds number. The wall
temperature was found by direct measurement as described earlier and the bulk
temperature was determined by energy balance equation (equation 3.18, 3.19,
3.20). At higher Reynolds number the wall temperature is low because more heat
is taken away by the air. The figure shows that in the middle smooth portion of the
test section the wall temperature distribution are higher. Just up-stream of the

exit, the slope of the wall temperature gradually falls due to end effect.

Figure B32 and B39 shows the variation of Local Heat Transfer Coefficient VS.
X/L and X/D respectively. Heat Transfer Coefficient is large in the entrance
region due to the development of thermal boundary layer with the entrance section
as the leading edge. At this portion the cold air start to mix up with the hot tube. It
decreases with increasing the axial distance. In the middle smooth portion of the
tube Heat Transfer Coefficient decreases as the fin is absent in that portion. After
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that portion Heat Transfer Coefficient increases and just up-stream of the exit. the
slope of the Heat Transfer Coefficient gradually rises due to end effect. The
figure shows that at higher Reynolds number, the curve of the local Heat Transfer
Coefficient along the length of the finned tube is higher. This is expected because
a higher flow rate results in increment of heat transfer coefficient at both tube
surface and the surface of the fins. The average Heat Transfer Coefficient of in-

line segmented finned tube is higher than that of In Line Finned Tube and

Smooth Tube.

Figure B35 and B40 shows (Tw - Th)x VS. X/L and X/D respectively for different
Reynolds number based on inside diameter. The (Tw - Tp)x value is low in the
entrance region. In the middle smooth portion of the tube (Tw - Tb)x value
increases as the fin is absent in that portion. After that portion it decreases

gradually. Just up-stream of the exit, the slope of (Tw - Th)x gradually falls due

to end effect.

Figure B34 and B41 show the wall, bulk and fin tip temperature distribution VS.

X/L and X/D respectively for one Reynolds number.

Comperative Analysis for Smooth Tube, In-Line Finned Tube and In-Line

Segmented Finned Tube:

Figure B42 shows the variation of friction factor Fi with Reynolds number for the
three tubes. For all the tubes Friction factor decreases as the Reynolds number
increases. It can be noted that friction factor for a in-line finned tube is much
higher than that of a Smooth Tube. Friction factor of a in-line finned tube is 1.93
to 3.5 times higher than that of smooth tube for comparable Reynolds number. It
can be noted that friction factor for in-line segmented finned tube is higher than

that of a Smooth Tube and lower than that of In Line Finned Tube. Friction factor
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of a in-line segmented finned tube is 1.72 to 2.5 times higher than that of smooth

tube for comparable Reynolds number.

Figure B43 shows the variation of Average Heat Transfer Coefficient h with
Reynolds number for different tubes. For all the tubes Average Heat Transfer
Coefficient increases as the Reynolds number increases. It can be noted that
Average Heat Transfer Coefficient for a in-line finned tube is much higher than
that of a smooth tube, in-line finned tube [Jalal(27)] and nearly similar that of in-
line finned tube [Mafiz(12-13)] for comparable Reynolds number. It can be noted
that Average Heat Transfer Coefficient for in-line segmented finned tube is higher

than that of a Smooth Tube and nearly similar that of in-line finned tube for

comparable Reynolds number.

Figure B44 shows the variation of Pumping power, Pm with Reynolds number
for the three tubes. For all the tubes Pumping power increases as the Reynolds
number increases. It can be noted that Pumping power for a in-line finned tube is
much higher than that of a Smooth Tube. Pumping power of a in-line finned tube
is 2.44 to 3.41 times higher than that of smooth tube for comparable Reynolds
number. It can be noted that Pumping power for in-line segmented finned tube is
higher than that of a Smooth Tube and lower than that of In Line Finned Tube.

Pumping power of a in-line segmented finned tube is 2.21 to 2.34 times higher

than that of smooth tube for comparable Reynolds number.

Figure B45, B46, B47 shows the velocity distribution along the tube diameter of

Smooth Tube, In-Line Finned Tube and In-Line Segmented Finned Tube.

Figure B48 and B49 shows the Calibration curve of the thermocouples and

Calibration curve of the pressure transducers respectively.



CHAPTER-VII

CONCLUSIONS

Steady state fluid flow and heat transfer performance of a circular smooth tube, a circular

tube with continuous internal longitudinal fins, a circular tube with internal longitudinal

fins interrupted in the stream wise direction by arranging them in an in-line were studied

experimentally. Results indicate that the heat transfer performances for a in-line finned

tube is higher than that for a smooth tube. Results also indicate that for the in-line

segmented fin arrangement gives almost as much heat transfer augmentation as the in-line

finned tube but with a much lower pressure drop penalty.

The findings of the present study are summarized below:

(S

Friction factor of in-line finned tube Tube is 1.93 to 3.5 times higher than that of

smooth tube. Friction factor of in-line segmented finned tube is 1.72 to 2.5 times

higher than that of smooth tube.

For all the Tubes the local friction factor is high near the inlet, and drops gradually

to the fully developed value.

Pumping power for a in-line finned tube is much higher than that of a Smooth
Tube. Pumping power of a in-line finned tube is 2.44 to 3.41 times higher than
that of smooth tube for comparable Reynolds number. Pumping power for in-line
segmented finned tube is higher than that of a Smooth Tube and lower than that of
In Line Finned Tube. Pumping power of a in-line segmented finned tube is 2.21 to

2.34 times higher than that of smooth tube for comparable Reynolds number.

For smooth tube Local Heat Transfer Coefficient is high in the entrance region as
at this portion the cold air start to mix up with the hot tube and it decreases with

increasing the axial distance approaching the fully developed value. For in line
finned tube Local Heat Transfer Coefficient is high in the entrance region and it
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n

decreases with increasing the axial distance approaching the fully developed
values. Just up-stream of the exit, the slope of the Heat Transfer Coefficient
gradually rises due to end effect. For In Line Segmented Finned Tube Local Heat
Transfer Coefficient is high in the entrance region and it decreases with increasing
the axial distance. In the middle unfinned portion of the tube Local Heat Transfer
Coefficient increases. After that portion Local Heat Transfer Coefficient decreases

and Just up-stream of the exit, the slope of the Local Heat Transfer Coefticient

gradually rises.

For all the tubes at higher Reynolds number, the curve of the Local Heat Transfer

Coefficient along the length of the finned tube is higher.

Heat transfer for the in-line finned tube is 1.7 to 1.8 times higher than that of
smooth tube for comparable Reynolds number. Heat transfer for the in-line
segmented finned tube is 1.77 to 1.9 times higher than that of smooth tube lor
comparable Reynolds number. It is observed from experiment that for comparablc
Reynolds number heat transfer and surface heat transfer coefficient for in-line
finned tube and in-line segmented finned tube are similar but for in-line

segmented finned tube pressure drop and pumping power is less than that of in-

line finned tube.

The results thus show that both inline finned tube and in-line segmented finned
tube results in heat transfer enhancement but in-line segmented finned tube results

in the same heat transfer enhancement with less pressure drop and with less

pumping power.
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Fig. B37 Wall and Bulk Temperature Distribution Along The Length of In Line Segmented Finned Tube
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Fig. B38 Wall and Bulk Temperature Distribution Along The Length of In Line Segmented Finned Tube
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Fig. B39 Local Heat Transfer Coefficientasexvgf Along the Length of In Line Segmented Finned Tube at Different
Reynolds Number
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Fig. B40 Distribution of Wall to Bulk Temperature Along Axial Distance of the In Line Segmented Finned Tube
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Fig. B41 Wall, Fin-Tip and Bulk Temperature Distribution Along The Length of In Line Segmented Finned (Rei =
37975)
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Average Heat Transfer Coefficient, h

80

70
60
50
40
30 —&— Smooth Tube
——In Line Segmented Finned Tube
20 —k—In Line Finned Tube
/H —3¥—In Line Finned Tube[Jalal(26)]
—®—In Line Finned Tube[Mafiz(12-13)]
10
0
15000 25000 35000 45000 55000 65000 75000
Re

Fig. B43 Variation of Average Heat Transfer Coefficient with Reynolds number of Different Tuibes
(The wall Temperature of Present Work is Dfferent Than That Of Previous work[(26),(12-13)]).
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Fig. B47 Velocity Distribution Along the Diameter of In-Line Segmented Finned Tube
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Fig. B48 Calibration Curve of Thermocouple
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Fig. B49 Calibration Curve of Pressure Transducer
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APPENDIX - C

SPECIFICATION
Table C1
1. Fan:
Capacity i 30 m*/min.
Pressure " 125 mm of water
H.P : 3
Phase > 3
Current : | 4.1 A
Voltage : 380V
2 Temperature Controller:
Range E 0 - 2000C
Input voltage : 220V

3 Electric Heating System:

Heat Resistance : 8.75 Ohm
Maximum Voltage ; 220 Volts
Maximum Current : 25 A
Power : 55Kw
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4. Data Acquisition System:

Cole — Parmer (USA origin)

Number of inputs : 14 Model PCA - 14
Resolution : 16 Bits

Accuracy + 0.02% of range

Linearity + 0.015%

Input Impedence u 10000 Megaohms/0.1 UF
Binary Inputs : 11 ON - OFF TTL or Contact
Closure or 10 — Bit pulse counter

Power : 120 V 50/60 Hz 0.5 A

S: PRESSURE TRANSDUCERS:

OMEGA
PX202, PX203, PX205, PX212, PX213, PX215
M2165/0395
COMMON SPECIFICATIONS FOR ALL UNITS
-
ACCURACY 0.25% PROOF PRESSURE: 150%
(Linearity, Hysteresis
and Repeatability)
RESPONSE TIME: 1 msec
ZERO BALANCE: 19%FS GAGE TYPE: Chemical vapor
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max.

( deposited
COMPENSATED 4°TO 176°F ELECTRICAL: Polysilicon strain
TEMP: (-20° TO 80°C) gages reverse
polarity protected
THERMAL 1.5%FS over CONNECTION: Miniature DIN conn.
EFFECTS:
VIBRATION: Withstands 35g peak, | WETTED PARTS: 17-4 SS
5 60 2000Hz CASE: Stainless steel
PRESSURE PORT: Y4-18NPT FATIGUE: 100 MILLION
CYCLES FS
BURST PRESSURE: 400%, 17000 PSI WEIGHT: 3.5 0z (100gm)

PX202, PX212 SERIES

PX203, PX213 SERIES

MILLIVOLT OUTPUT VOLTAGE INPUT
EXCITATION: 10Vds, 15Vdc max EXCITATION: 24Vde @ 15mA (7-
35 Vdc)
0.5 -5.5Vdc
OUTPUT: 100mV +1mV OUTPUT:
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OPERATING: -40° to 257°F OPERATING: -40° to 257°F
TEMPERATURE: (40° to 125°C) TEMPERATURE: (40" to 125°C)
INPUT 2.5k to 6k (2 OUTPUT 100 02
RESISTANCE: RESISTANCE:
WIRING: +EXC Red/Pin 1; | WIRING: +EXC Red/Pin 1;
+SIG White/Pin 2 COMMON
-SIG Green/Pin 3; Black/Pin 2
-EXC Black/Pin 4 +OUT White/Pin 3;
EARTH Drain/Pin 4

PX205, PX215 SERIES
CURRENT OUTPUT

EXCITATION

OUTPUT

OPERATING
TEMPERATURE

SPAN TOLERANCE

MAX. LOOP RESISTANCE
WIRING

24Vdc (7-35 Vdc)
Reverse polarity protected
4-20mA (2-wire)

-40° to 257°F

(40° to 125°C)

1%FS

50 X (supply voltage — 7)
+Red/Pin 1; -Black/Pin 2,
EARTH Drain/Pin4 4

101




Rotary Selector Switches:
OMEGA

Insulation Resistance:
Contact Resistance
Case material

Weight

2-pole switch

3-pole switch

4-pole switch
Hardware and box

Continuos Use Temperature

DP24E Process Meter:
OMEGA

Analog Input Ranges

Input Impedance
Isolation

3mm

Accuracy
Tempco

Excitation Voltage

Display

20 M 2 at 300 volts dc
0.004 2 or less
Noryl SPN-420

Ya lbs.

1 1b.
1-1/41b.
Y4 1bs.
110°C

4-20 mA, 0-5 Vdc, 1-5 Vdc, 0-10 Vde
Voltage: 1.0 Meg
Current: 20 £2

Dielectric strength to 2500V transient per

sapcing base on EN61010 for 260Vrms or dc
working voltage

0.05%R +/-LSB

+/-50 PPM/’C

24 Vdc @ 25mA

10 Vdec @ 25 mA

LED 7-segment, 14.2 mm (0.56™)

Range; +9999 to — 1999

Decimal Point: 4 positions
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Power Supply
OMEGA Model U24Y101

Ihput Power

Output Voltage
Output Current
Load/Line Regulation
QOutput Protection
Input Protection
Operating Temp
Storage Temp

Table C2 Shaped Inlet.

x/d 0 0.094
yd 0 0

x/d 0218 0.234
y/d 0.057  0.067

x/d 0.438 0.422
y/d 0.308 0.325

120VAC (Std) or 220VAC (Opt) +/-10%
24 VDC +/-5%

1 Amp (max)

+/- 2%

Current Limited and Thermal Limited

0.5 Amp Fuse
20 to 60 Deg C
30 to 70 Deg C

Co-ordinates for Shaped Inlet

0.109
0.001

0.250
0.078

0.406
0.338

0.1225 0.141
0.001  0.002
0.266  0.281
D091 - 0.107
0.391 - 20375
0.347 0.353
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0.156
0.003

0.297
0.127

0.359
0.358

0.172
0.004

0.312
0.154

0.344
0.361

0.188
0.006

0.328
0.219

0.328
0.362

0.203
0.008

0.344
0.284



APPENDIX-D

SAMPLE CALCULATIONS

Internal diameter of the tube, D; = 70 mm

Fin height, H =15 mm

Fin width, W =3 mm

Number of fin, N =8 mm
_zD;}

X

A, = = 3.8485x107 sq.

D?
Bo g = J—T——‘\—WHN=3.4885x10‘35q.m
¥ 4 )

Ap= Dj+2HN=0.45991 m
As= D;=0.2199

Hydraulic Diameter:
For Smooth tube

Dy =D

For Finned tube

_ 4 Axf _ 4 Axf
"“aD,+2HN A,

=0.030340 m

Determination of Mean Velocity:

’ (D-1)

AP ==pV

N =

If V is to be m/s, p must be expressed in kg/m3 and AP in Pascals (N/m2). If h is the

velocity head expressed in cm of water

AP='}’11=9.81X103X%=98.1 xh Pa (D-2)
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Standard atmospheric properties at the sea level are
Pressure = 760 mm of Hg
Temperature = 15°C

Density = 1.225 kg/m3

For any other temperature, t°C and pressure, b mm of Hg, the value of the density in

kg/m3 is
P, T, b 288
g 15 = e iy, e x 1.225
P27 T, P T 760 " t4273
(b )
= = D_“
>p, 0'4642k273+tj (D-3)

From equations (C-1), (C-2) and (C-3)
(273+ t) L
V =20.56—/ (h)""
) ™
=>V=C(h)"

142

t
Where, C = 20.56(271 iy (D-4)

h = velocity head, in cm of water.

For Smooth Tube

For, room temperature, t=30.8°C
atm. pressure, b= 743.5 mm Hg
C=13.124

The experiment was done using a manometric fluid of sp. gr. = 0.855 but it was
recommended to perform with a fluid of sp. gr. = 0.834. This is why a correction is

needed, which was as follows:
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®1Hyp = o2He:

=>(0.834 x Hgp = 0.855 x 0.855 Hp

(0.855)°x H,,
_" H — et 4 ] R S e e = |
m=h 0.834

=0877 x 254 H,, cm
[Hp in inch of water]

Measurement of mean velocity by ten points Log Linear method is given by,

Mean velocity, V, = % (h,”2 +h,'"” +113”2+------»+h.0”2)

=>V;=10.4455 m/s

Mass Flow rate, M= A,V;
=1.1361 x 0.00385 x 10.4455
=0.045687 kg/s
[p = 0.9947 kg/m3 of air at 347.3958 K]

V= =11.92987m/s

i
P,
Reynolds Number:

- prD,
1

R =35253

ei

Friction Factor:
Local friction factor based on inside diameter is given by
2pV
_ (=AP/x)x0.07x9.81
2x.9947x(11.92987)*

= 2.4253x107(-AP/ x) (D -5)
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Local fiction factor based on hydraulic diameter is given by

—-AP /[ X)Dh
e e (D-6)
20V
dell h |delP [(density [dI P Dimless P |del X |delP/del |Fi
(mm) [(mm) [(w) (kg/m**2) X
6

7 1 994.56 0.995 0.13784 | 0.06 | 16.576 | 0.0402
8 2 994.56 1.989 0.27567 | 0.26 | 7.650 | 0.0186

994.56 2.984 0.41351 | 0.46 6.486 | 0.0157

[U5]

9
10 4 994.56 3.978 0.55135 | 0.66 6.028 | 0.0146

10.25] 425 | 994.56 4.227 0.58581 | 0.86 | 4.915 | 0.0119
10.5 | 4.5 | 994.56 4.476 0.62027 | 1.06 | 4.222 | 0.0102
10.75|4.75 | 994.56 4.724 0.65473 | 1.26 | 3.749 | 0.0091
11.5 | 5.5 | 994.56 5.470 0.75811 | 1.46 | 3.747 | 0.0091

Pumping power can be defined as

P = (-AP/p) M
=== — 4 Vp w

=2.68873 W

Heat Transfer Calculation:
T;=30.8 °C

T =20:129529C

Properties of air are calculated at Ty = 347.3958 K
Cp = 1.006 KJ/kg-°C
K =0.0298 w/m-°C
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p = 20.6308 microkg/sec-m
p = 0.9947 kg/m3

Total heat input to the air

Q=MCp (T, - Tj) = 474.7517 Watt.

Q’ = heat input per unit area
_ 2
AL
=1420358  W/m’

The local bulk temperature of this fluid is,

F il
24

" 1420.358 x (0.2199) x x
0.045687x1.006x10"

1.2+6.796x °C (D-7)

~
Il
(5]

X Thx hx
0.06 31.20774 27.272
0.26 32.56689 19.610
0.46 33.92604 18.194
0.66 35.28519 17.396
0.86 36.64433 17.254
1.06 38.00348 17.268
1.26 39.36263 16.982
1.46 40.72178 12223

108



Local convective heat transfer coefficient is given by,
N
R & o N
_1420.358
i

20 2
= MW I m*C

(T, =T,

(D-8)

Average Heat Transfer Coefficient

Q
- ]—;ltﬂ‘ )

& 474.75
0.33425x (112.83 - 35.96) '
(D-9)

=18.48W /m*°C

B =
AT,

wane

For In line Finned Tube

For, room temperature, t=230.2°C
atm. pressure, b = 741.5 mm Hg
C=13.128

The experiment was done using a manometric fluid of sp. gr. = 0.855 but it was
recommended to perform with a fluid of sp. gr. = 0.834. This is why a correction is

needed, which was as follows:

®1Hep1 = 0Hp

=>(.834 x Hey; = 0.855 x 0.855 Hp
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(0855)*x H,,
0.834
=0877x254 H, cm

f{(ul

=h =

[Hp in inch of water]

Measurement of mean velocity by ten points Log Linear method is given by,

Mean velocity, V; = % (hllfz +h," +h3”2+------,+hmm)

=>V;=9.942 m/s

Mass Flow rate, M= AxVi

= 1.135 x 0.00385 x 9.9425
= 0.04345 kg/s

[p =1.0609 kg/m3 of air at 324.2148 K]

vV -—-E—= 11.74m/s
2 xf

Reynolds Number:
= 220 59575
. M

Friction Factor:
Local friction factor based on inside diameter is given by
_ (=AP/x)D,
) 20V
_ (=AP/x)x0.07x9.81
2x1.0609x(11.74)

F

!

=2.35x107(-AP/ x) (D-10)
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Local fiction factor based on hydraulic diameter is given by

o m TN (D-11)
2pV
del h |delP |density |dIP Dimless P |del X delP/del |Fi
(mm) [(mm) |(w) (kg/m**2) X
4
6 2| 994.56 1.989 0.267 0.06| 33.152 0.078
11 7] 994.56 6.962 0.934 0.26] 26.777 0.063
13 9] 994.56 8.951 1.201 0.46| 19.459 0.046
16.75| 12.75| 994.56 12.681 1.702 0.66 19.213 0.045
18.75] 14.75] 994.56 14.670 1.969 0.86| 17.058 0.040
21 17| 994.56 16.908 2.269 1.06[ 15.950 0.037
23 19|  994.56 18.897 2.536 1.26| 14.997]  0.035
27 23| 994.56 22.875 3.070 1.46/ 15.668 0.037

Pumping power can be defined as

Py = (-AP/p) M

4FL V°

=—= — A Vp W
D, )

- =9.19128 W

Heat Transfer Calculation:
T;=30.2°C
T, =48.92 °C
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Properties of air are calculated at T¢=324.83 K
Cp = 1.0059 KJ/kg-°C
K =0.0281 w/m-°C
p=19.5701 microkg/sec-m
p =1.0609 kg/m3
Total heat input to the air
Q=MCp (T, - Tj) = 818.101 Watt.
Q’ = heat input per unit length

0

AL
=1170.29 W m?

The local bulk temperature of this fluid is,
rA =
=T+
' MC,
N 1170.29x (0.4599) x x
0.04345x1.0059x10’

0y

=30.2

T, =302+12.32x

X Thx hx
0.06 30.939 59.984
0.26 33.402 44.037
0.46 35.864 39.110
0.66 38.327 37:199

0.86 40.790 37.790
1.06 43.252 38.942
1.26 45.715 42.216
1.46 48.178 51.159
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Local convective heat transfer coefficient is given by,

04
h—‘. — T
(. =T,),
117029
=L,

_ 117029 e (D-13)

(T, -1,

Average Heat Transfer Coefficient

__9
A(Y-;I'HI' - ];lal')
B 1818.101
. 89— 40.
0.699 x (64.8 06) D143

=47.12W | m*C

h =

For In line Segmented Finned Tube

For, room temperature, t=29.7°C
atm. pressure, b =746.2 mm Hg
C=13.076

The experiment was done using a manometric fluid of sp. gr. = 0.855 but it was

recommended to perform with a fluid of sp. gr. = 0.834. This is why a correction is

needed, which was as follows:

®1Hp1 = wHg»

=>0.834 x Hyy = 0.855 x 0.855 Hp

(0.855)*x H,,
=R =0k

= 0877 x 254 H,) cm
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[Hp in inch of water]

Measurement of mean velocity by ten points Log Linear method is given by,

Mean velocity, V, = % (hl”2 +hl”2 +h3”2+------1+h|¢,”z)

=>V;=10.1850852 m/s

Mass Flow rate, M= AV
=1.1443 x 0.00385 x 10.1850852
=0.04487 kg/s
[p = 1.0541 kg/m3 of air at 329.0157 K]

¥= =12.2008m/s

M
pA.\:f‘

Reynolds Number:

VD
R =P"Di _ 39975

() #

Friction Factor:
Local friction factor based on inside diameter is given by
(-AP/x)D,
2pV?
(—AP/x)x0.07x9.81
z 2x1.0541x(12.2008)*

F =

=2.188x107(=AP/x) (D -15)

Local fiction factor based on hydraulic diameter is given by

(—AP/ X)Dh
el (D-16)
2pV
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delh (mm) |delP |density |dIP Dimles |del X |delP/del |Fi
(mm) |(w) (kg/m**|s P X
2)

6

10 41 994.56| 3.978| 0.497| 0.06| 66.304 0.145
14 6| 994.56| 5.967| 0.745| 0.26| 22.951 0.050
16 8| 994.56| 7.956| 0.993| 0.46 17.297 0.038
16.8] 8.75] 994.56| 8.702| 1.086| 0.66| 13.185 0.029
17.3] 9.25| 994.56] 9.200[ 1.148| 0.86| 10.697 0.023
18.5] 11| 994.56| 10.940[ 1.366| 1.06; 10.321 0.023
20/  13[994.56 12.929| 1.614| 1.26| 10.261 0.022
22| 15| 994.56| 14.918| 1.862| 1.46] 10.218 0.022

Pumping power can be defined as

Pm = (-AP/p) M

%
—= — 4 Vp

2

2

=6.24058 W

W

Heat Transfer Calculation:

Tj=29.7°C

Ty =49.22 0C

Properties of air are calculated at T¢=329.0157 K

Cp = 1.0059 KJ/kg-2C

K =0.0284 w/m-°C

p=19.7898 microkg/sec-m

p=1.0541 kg/m3
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Total heat input to the air

Q=MCp (T, - Tj) = 881.113 Watt.

Heat input to the air per unit area

o - MCT, =)
(Ah + A.\' + Ah)L

=1525.74 W/m* (D-17)

The local bulk temperature of the fluid Tp(x) can be defined as by the following heat

balance equation

Q' A,x |
T =T +=—" 2
Z(x)=T, MCP When x <L, (D-18)
Q’Ahx

MC,,,

, 152574 (04599) x x
0.04487x1.0059x10°

=29.7+15.55x

0'4,(0.2)
MC

r

T,(x), =), + When L; <x <2L; (D-19)

0 4,(0.2)
MC,

1525.74x (0.2199) x 0.2
0.04487x1.0059x10’

TM = T.";} +

=36.85+

=36.628 +1.49
=38.34
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Similarly

'4, (0.2
1,00, = )i+ % When 2L, <x < 3L, (D-.20)
rd
. g, 2402
he — *h5 ST
MCP
"
3987+ 1525.74 x (0.4599) x OI.L
0.04487x1.0059x10
=39.82+3.109
=42.93°C
X Tbx hx

0.06 30.633 61.410
0.26 33.742 46.187
0.46 36.851 41.654
0.66 38.338 21.097
0.86 39.824 20.682
1.06 42.934 40.484
1.26 46.043 45.511
1.46 49.152 55.298

Local convective heat transfer coefficient is given by.
92
’ K (T;u = ‘Th).\'
_1525.74
(Ti=Tuds

_ L2 g i (D-21)

. (jﬂll‘ - 7-;1 )_\‘
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=1

Average Heat Transfer Coefficient
&

A(T:I'rﬂ' - T:’m‘l')
B 881.13
" 0.5774x(73.7-39.46)
=44.59W | m*'C

118

(D-22)




	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

