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ABSTRACT

The demand lor high-performanee heat exehange deviees having small spatial

dimensions is incrcasing due to their need in applications such as aerospace and

automobilc vehicles. cooling of electronic equipment. and so on. This had led to various

designs of compact heat exchangers. Offset-tin 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 tluid

tlow through circular smooth tube. circular tube with continuous internal longitudinal

fins and circular tube with intcrnal 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 eharactcristics in the

entrance region as well as in the fully developed region of th<:. smooth tube. in-line

finned tube and in-line segmented tinned tube. The tubes and fin were cast Ih,m brass to

avoid contact resistance. Air was used as the working tluid. The Reynolds number was

based on inlet diameter. Reynolds number varied in the range of 1.86 x 10. to 3.97 x

104 The test section was heated elcctrically.

Results indicate that for comparable Reynolds numbers. friction fi,etm of in-line finncd

tube is 1.93 to 3.5 times higher than that of the smooth tube. For eomparable Reynolds

number friction factor of in-line segmented linned tube is 1.72 to 2.5 times higher than

that of the smooth tube whereas that li>r the 1~llter is lower than that or the in-linc linned

tube. Pumping power of a in.line finned tube is 2.44 to 3.41 times higher than that or

smooth tube for comparable Reynolds number. Pumping power of a in-linc segmented

finned tube is 2.21 to 2.34 times higher than that of smooth tube lor eOl1lparabk

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 numbcr. Heat transfer for the in-line segmcnted 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 arc similar but for in-line segmented finned tube pressurc drop is

less than that of in-line finned tube.

The results thus show that both inline finned tube and in-linc segmcnted tinned tube

produces heat transfer enhancement but in-line segmented finned tube results in thc

same enhancemcnt of heat transfer with less pressurc drop.
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NOMENCLATURE

All dimensions are in SI Units.

Ax Cross sectional area of smooth tube (m2
).

Axf Cross sectional area of finned tube (m\

A Total heat transfer area of a tube (m\

Ah Effective perimeter of Finned Tube (m).

As Effective perimeter of Smooth Tube (m).

0; Inside diameter (m).

Dh Hydraulic diameter (m).

N Number of fins.

H Height of the fin (mm).

W Width of the fin. (mm)

Re Reynolds number.

Rei Reynolds number based on inlet diameter.

h Surface heat transfer co-efficient (W/m2 "C).

T Temperature.(OC)

T; Inlet temperature.(°C)

To Outlet temperature.(OC)

M Mass flow rate. (kg/s)

vii



Q Total heat input to the air (W).

Q' Heat input to the air per unit area (W/m\

x Axial distance (m).

L Length of the tube (m)

Cp Specific heat of air (j/kgOC).

P Pressure (N/m2
).

p. Dimesionless pressure drop.

P; Inlet static pressure (N/m2).

Vi Me.an velocity in inlet section (m/s).

V Mean velocity in finned tube (m/s).

p Density of air (kg/m3 ).

co-efficient of viscosity of air (micro kg/sec-m).

v Kinematic viscosity (m2/s)

k Thermal conductivity of air (W/m°C).

r F Friction factor.

t Room temperature (oC)

b Atm. Pressure (mm ofHg)

w Uncertainty

w Specific gravity
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Subscripts

h Based on hydraulic diameter.

s Smooth tube i.e. unfinned tube.

r Finned tube.

w Wall temperature.

b Bulk temperature.

x Axial distance.
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CHAPTER -I

INTRODUCTION

The subject of enhanced heat transfer has developed to thc 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 heal

exchangers. Virtually every heat exchanger is a potential candidate for enhanced heat

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

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 availablc

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 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 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 arc 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 performunee of an internal
longitudinally !lnned clrcular tube with I1nsurfuce Interrupted In the axial direction.
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Number of studies have bccn made both experimentally and analytically with tubes

having internal tins in laminar and turbulcnt tlow. In case of analytical investigations. the

analysis for laminar and turbulcnt flow is based on the differcntial equations for

momentum and energy conservation in the flowing fluid. From the experimental study. it

is evident that for both laminar and turbulent flow regimes, the finned tube and

scgmented finned tube exhibited substantially higher heat transfer coefficient when

comparcd with smooth (unfinnd) tubes.

1.I OBJECTIVES

Since finned surfaces have extensive application in power plants. chemical proccss

industries etc., a rescarch work has been undertaken to study the heat transfer

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

in-line segmented fins.

The study has the following objectives:

I. To study the friction factor, pressurc drop and tempcrature variations for turbulcnt

fluid flow through circular smooth tube. circular tube with continuous intcrnal

longitudinal fins, circular tube with internal longitudinal fins interrupted in the

stream wise direction by arranging them in an in-Iinc manner for steady statc

temperature condition.

II. To study the heat transfer characteristics for turbulent tluid flow through circular

smooth tube, circular tube with continuous internal longitudinal fins. circular tube

with internal longitudinal fins interrupted in the stream wisc direction by

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

2



CHAPTER - II

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 regimcs, 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 tinned tubes, whosc

fins are segmented along their length. The fin segment is of length H in the now

direction; separated by an equal distance H bcforc the ncxt fin. The analysis present thal

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

tins. 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 arca, because of

the axial spaces between fins.

Numerical predictions of developing fluid flow and heat transfer in a circular tubc 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 hcat

transfer in two-dimensional staggered fin arrays has been presented by Sparrow el al.

(1977), while performance comparisons for two-dimensional in-line and staggered lin

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

3



(l985).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 n1l11diameter 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 8

to 224% depending on tube geometry. At constant pumping power amI the same

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

Empirically determined correlating equations has been presented by T. C. Carnavos [23 J

who predict turbulent tlow 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.

I-lu and Chang [10] analyzed fully developed laminar tlow in internally finned tubes by

assuming constant and uniform heat tlux in tube and surfaces. By using 22 tins 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

tlow, 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 intluenee of buoyancy on heat transfer in vertical internally-finned tube

under fully developed laminar tlow condition. Analyses of thermally-developed laminar

tlow in internally tinned 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 tubcs having six integral internal longitudinal tins

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 saerifying additional pumping power. Experimental data i()r

pressure drop and heat transfer coefficient in internally finned tubes has been reported,

among others, by Hiding and Coogan [8], Bergles et al. [I] 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.
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CHAPTER - III

HEA T 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 THERMAL BOUNDARY CONDITIONS

In the present cxperiment, uniform wall temperature is considered.

3.2 DEFINITION OF PARAMETERS

Hydraulic Diameter:

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

is defined as

D _ 4x(Crosssectionalareaoftheflow)
" - Welled perimeter

, 1
4:u[D - -, 4

= m
JrD, + 2NH

(Assuming thin fin)

(3.1)

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

obtained as follows:
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D"
4 Ax{

m
JrD,+2NH

(3.2)

( trD, )
where A,{ = \4"" - NWH sq. m

Reynolds Number:

Reynolds number based on inside diameter is defined as

Re = pVDj

, J.1

Reynolds number based on hydraulic diameter is defined as

Pressure Drop and Fanning Fri~tion Factor:

(3.3 )

(3.4)

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

equation,

P*(x) = - ~P(x)Il/2pV2

Where ~P = Pi - P(x)

Pi = Pressure at inlet (N/m2)

P(x) = Pressure at any axial location, x (N/m2)

The local friction factor based on hydraulic diameter is given by

F _ (-LV> / x)LJ,
,,- 2pV'

8
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The local friction factor based on inside diameter is given by

F = (-M / x)Dh

, 2pV'

Heat Transfer: Uniform Heat input per unit axial length:

Total Heat input to the air

Q = MCp (Ti - To) W

For Smooth Tube

Heat input to the air per uni t area

Q' =MCp (Ti - To)/As L

(3.7)

(3.8)

(3.9)

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

balance equation

(3.10)

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

defined as

Q'
h, =

(7',,-T,,),
W/m2°C (3.1 I)

The Average heat transfer Coefficient can be defined as

h=
Q

A(T".",. - Th,,,.)

9
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For In line Finned Tube

Heat input to the air per unit area

Q' =MCp (Ti - To)/Ah L (3.13 )

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

balance equation

T: ( ) - T: Q' A"x
'
x - .+, 'MC

I'

"C (3.14 )

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

defined as

h,.
Q'

(T.,. - T,,),
(3.15 )

The Average heat transfer Coefficient can be defined as

h
Q (3.16)

For In line Segmented Finned Tube

Heat input to the air per unit area

0' = MC,,(T;) - T,)
- (A,,+A,+A,,)L

10
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The local bulk temperature of the fluid Tb(x) can be defined as by the following heat

balance equation

To ( ) = To Q' A"x
h X ,+

MCI'
°C Whenx<LI (3.18)

Q' A,(0.2)
T,,(x), = (I;k, +. °c

MCI'

To ( 0) _ (To) Q' A" (0.2)
h.t 1- i 1-1+---- °c

MCI'

When L, <x < 2L[

When 2L, <x < 3L1

(3.19)

(3.20)

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

defined as

0'
h = -, Cr.,. - T,,)x

(3.21 )

Q

The Average heat transfer Coefficient can be defined as

h=
A (T."". - T"",.)

Pumping power can be defined as

Pm = (-I1P/p) M

(3.22)

4 FL= --'-
D,

v'-A Vp2 .• W

II

(3.23)



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 tins, 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 (A I 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, 4.1 A). The maximum !low rate under the free

operation was approximately 30 mJ/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 alter

the test section. The set up consisted of three sections:

I. inlet mid flow measuring section

II. heat transfer test section and

Ill. fan assembly.

4.1 INLET SECTION

The unheated inlet section (shaped inlet) cast from aluminum and heat transICr 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



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

(e2). Appendix-C.

4.2 TEST SECTION

Circular Smooth tuhc

The test section contains circular smooth tube( 1520 mm long and 70 n1l11inside

diameter) to avoid contact resistance. The tin 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

diameter) to avoid contact resistance. The fin and tube assembly was cast from brass.

because of its high thermal conductivity 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 tins (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 lin and

tube assembly was cast from brass. because of its high thermal conductivity 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. (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.
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All of thc test scctions werc wrapped with mica sheet. glass fibcr tape and insulation

tape. Over mica sheet nichrome wire (of resistance 0.610 ohm/m) was spirally wound

uniformly with spacing of 8 mm betwcen thc fins. The nichromc wire was covcrcd

with mica sheet, glass fiber tape and insulation tape to make it clectrically insulated

by covering with asbestos. The test scction was placed in the test rig with thc hclp of

the bolted f1anges. betwccn which asbestos sheets were installed which act as heat

guards in the longitudinal direction.

The test section electric hcater was supplied power by 5 KYA variablc voltage

transformer connected to 220 YAC power through a magnetic contactor and

temperaturc controller. Thc temperaturc controller was fittcd to scnse the air outlet

temperature and give signal to heater for switching it otT or on automatically. It

protects the experimental set up from being cxcessively heated which may happen at

the time ofexperimcnt when the hcatingsystcm is in operation continuously for hours

to bring the system in steady state condition. It also controls thc air outlet

tcmperature.

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

the experiments II OYand 11.5 Amp were maintained.

The electrical power to the test section was determined by measuring thc current and

voltage supplied to the heating element. The voltage was measured with a voltmcter

and current was measured by an a.c. ammctcr. Fig. (AS) shows thc electrical circuit

diagram of the heating system of the test section. The particulars of the e1cetric

heater. temperature controller and fan are givcn in table (C I) in Appendix-C.

4.3 FAN ASSEMBLY

A diffuser of cone angle 120 was made of M.S plate and fitted to the suction side of

thc fan. The diffuser was used lor minimizing head loss at thc suction side. To arrest

vibration of the fan a tlexiblc duet was installed between the inlet section of the 1,111

and 7.62 cm diameter pipe of the set up as shown in the Fig. (A2). A buttcrlly typc
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valve was used to control air flow rate during experiment at the suction side beillre

the flexible duct.

4.4 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. (A 7).

To lind 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. (A 1O).Aritlunetie mean method is given bellow:

1 7. .,
-JrR =RT,'
5

'i = 0.447 R

1
- JrR2 == trY'!.1 - mil
5

1 ., 2"=> -R' + (0.447R) = Ii'
5

:. 'i = 0.632R

Similarly.

" = 0.774R

I, = 0.894R

Now

JrR' + Jr(0.894R)'=-------
2
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,'. ri_, = 0.948R

. 2 ;r(0.894R)' + ;r(0.774R)'
Again Nr' ;::= ----------

2

,'. 'Ll = 0.836R

Similarly

,~_, = 0.706sR

'~_I= 0.547 R

';'_0 = 0.316R

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

ten measuring points.

4.5 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.s). 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. V-tube manometers at an inclination

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

manometer \vas waler.

4.6 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-

I. Fluid bulk temperature at the outlet of the test section.

16



II. Wall temperature at 8 axial locations of the test section.

111. 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).

D~0.07 m

A ~ m',' ~ .0038485
A-:;-~ A, ~ A, ~ A, ~ .0012828
.1

, ,
A, = m', - w,

,
A, = w,

Arithmetic mean method is given below:

] ~ (T,,,,,. - T,) ~ (T,,] + T", + Th3 -3T,)
I

To - T", + T", + T"
lilli' - 3
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, ,
A, =m; -llY,

..0012828 = ;r(.035)' _trY,'

r, = 0.0286m

, ,
A, = Jrr, -m;

0.012828 = ;r(0.0286)' - llY,'

r, = 0.02024m

Now
, ,

R' m; +llY,
Il: I =

2
R, = 0.03196

R3 = 0.0143

,
R1 = 0.035 - Rj = 0.00304

,
R2 = 0.035 - R2 = 0.01025

R3 = 0.035 - R3 = 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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FOI"Smooth Tube

8 thermocouples were installed in 8 cross section (Fig. AG) with one in each cross

section to measure the wall temperature of the test section. All the thermocouples and

the data acquisition systems wcre calibrated before their usc. Thermal contact

between the brass tube and the thermocouple junction was assured by pccning

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

16 thel'lnoeouples were installed in 8 cross section (fig. A6) with two in each cross

seetion to measure the wall as well as the lin-tip temperatures of the test section. 1\11

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 tin in 8 cross section to measure the temperature of the lin-tip.

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

FOI"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 tin-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.

Iioies wcre drilled across the height of the lin in 8 cross section to measure the

temperature of the tin-tip. Thermocouples were inserted into thc holes and pecned

into the grooves of the tin-tip.
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.t.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 now of air through the test section was varied and kept

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

swi tched on.

The pressure tapping for measuring static pressure were connected with inclined (30
0

) U-tube manometers (The manometric nuid 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 deli ned

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

re~Hiil1gs \vere taken at steady ~t<.1tccondition.

"tier one run of the experiment at a particular Reynolds number. the Reynolds

number was changed with the help of the llow 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 cxperiment.
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CHAPTER-V

UNCERTAINTY ANALYSIS

A morc precise method of estimating unccrtainity 111 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.

Detcrmination of Mean Velocity:

( )'"V = 20.56 27~ + 1 - (h) I 12

Room Temperalure

1= 30.8:t 0.02%"C
alm ..pressure
b = 743.5:t O.lmmojHg

h = 0.58:t O.OOlcmojjluid

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

11', = 30.8 x 0.0002 = 0.0062" C
\\'" = O.llI1l1ll!fHg

11'" = O.OO1cmoffluid

Change of velocity with respect to temperature

av 1("7' )-"21-=20.56x- - .0+1 _(It)112
al 2 b b

= 20.56 x ~(273 + 30.8)"'/2 _1_(0.58)Y2
2 743.5 743.5

= 0.0165
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Change of velocity with respect to Atm. Pressure

av = 20.56'!-( 273 + I)-'"(273 + I)b-v '(h)'12
ab 2 b

= 20.56'!-( 273 + 30.S )-'" (273 + 30.S)(743.5rv '(0.5S)'"
2 743.5

= 0.183

Change of velocity with respect to manometric head

av = 20.56(273+1)'12 .!-(hr"2
ah b 2

( )'"= 20.56 273+30.8 .!-(0.5Sr'12
743.5 2

= 8.64

Thus, the uncertainty in the velocity is

Wv=[(~W.)'+(~:W.)' +(:W"Jr'
= [(0.0165 x 0.0062)' + (0.IS3 x 0.1)' + (S.64 x 0.001)' Y'
= 0.02024m/ s
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Total Heat input to the air

Q = MCp (To - Ti)

A, = 0.00385:t 0.001

v = 10.16:t0.02024

To = 41.13 :t 0.02%

T; = 30.8 :t 0.02%

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

WA = 0.001
Wv = 0.02024
11'7: = 41.13 x 0.0002 = 0.00823
o

11'7:. = 30.8 x 0.0002 = 0.0062
I

Change of total heat input with respect to area

8Q
8A = pVCI'(T" - T,)

= 1.14 x 10.45 x 1006 x (41.13 - 30.8)
= 0.124xI0'

Change of total heat input with respect to velocity

8Q = pAC,.(T" -T,)
8V
= 1.14x.00385xI006x(41.13-30.8)

= 45.61
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Change of total heat input with respect to outlet temperature

aQ
-=pAVCI'
aT.,
= 1.I4x .00385 x 10.45 x 1006

= 46.14

Change of total heat input with respect to inlet temperature

aQ = -pAVCI'
aT.
= -1.14x .00385 x 10.45 x 1006

= -46.14

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

[
,,]Y'aQ 'aQ 'aQ aQ

w(! = (aA W,) +(av wv) +(aT.,w,;. J +(aT.Wi..J
= [(0.124 x 10. x 0.00001)' + (45.61 X 0.02024)' + (46.14 x 0.00823)' + (-46.14 x 0.0062)' Y'
= 1.62W
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8F
-'=ax

Friction Factor:

Local friction factor based on inside diameter is given by

(!J.P/ x)D,

2pV'

!J.P= 0.99456:t 0.25%

x = 0.06:t 0.00001

D, = 0.07:t 0.0000 I

V = 11.92987:t 0.02024

11'"" = 0.99456 x 0.0025 = 0.00249

11', = 0.00001

w", = 0.00001

wy = 0.02024

Change offriction factor with respect to pressure drop

_8_F_, _ D,
8!J.P 2pV'x

0.07
= 2 x 0.9947 X (11.92987)' x 0.06

= 0.00412

Change of friction factor with respect to axial distsnce

MD,
2pV'x'

0.99456 x 0.07
= 2 x 0.9947 x (11.92987)' x (0.06)'

= 0.068
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aF; =
aD,

Change of friction factor with respect to inside diameter

!:lP
2pV'x

0.99456
= 2 x 0.9947 x (11.92987)' x (0.06)
= 0.059
Change of friction factor with respect to velocity

aF; = -2 !:lPD;
av 2pV3x

0.99456 x 0.07
0.9947 x (11.92987)3 x (0.06)

= 0.00069

Thus, the uncertainty in the Friction factor

[
aF 'aF '( aF ' aF ,]1'

WI' = (-' wM.) +(-' W,.) + -' w" J +(-' WI')'a!:lP ax. aD;' av

= [(0.00412 x 0.00249)' +(-0.068 x 0.00001)' +(0.059x 0.00001)' +(-0.00069 x 0.02024)' ]Y'
= 0.00373
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CHAPTER- VI

RESULTS AND DISCUSSION

In this experimental work !luid !low and heat transfer performance were studied.

Pressure drop characteristics and heat transfer performance wcre 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 XII) is shown in the

figure Bland 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/O respectivcly. 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 B9,810 shows the wall and bulk temperature distribution VS.

X/L and XID respectively for six different Reynolds number. The wall

temperature was found by direct measurcment 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 - Tb).

Figure B5 and B I I shows the variation of Local Heat Transfer Coefficient VS.

X/L and X/O respectively. Heat Transfer Coefficient is large in the entrance

27



region due to the development of thennal boundary layer with the entrance scction

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 devclopcd

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 ratc results in increment of heat transfcr

coefficient at tube surface.

Figure B6 and B12 shows (Tw - Tblx VS. X/L and X/O respectively for differcnt

Reynolds number. The (Tw - Tb)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 XID is shown in thc

figure B14 and B21 respectively. The pressure gradient is high in the entrancc

region, then pressure recovers and finally approaches the fully developed values

away from the entrance section. The dimcnsionless pressure drop of In Line

Finned Tube is higher than that of Smooth Tube. Friction factor was calculatcd

from the pressure measured from 60 mm down stream of the inlet section. Figurc

1315 and 1322shows the friction factor Fi VS. X/L and X/O rcspectively. It can be

noticed that the friction factor is high ncar the cntrance 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.
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Figure B 16, B 17 and B23,B24 shows the wall and bulk temperature distribution

VS. X/L and XID respectively for six different Reynolds number. Thc wall

tempcrature was found by direct measuremcnt as described carlier and thc bulk

tcmpcrature was dctermincd by cncrgy balance equation (equation 3.14). i\l

higher Reynolds number the wall temperature is low bccause more heat is takcn

away by the air. The figure shows that there is a portion of the test section whcrc

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

uniform value of (Tw - Tb) as expected from constant heat ratc. Just up-strcam

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

Figure B 18 and 1325 shows the variation of Local Heat Transfer Coefficicnt VS.

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 cntranee scction

as' the leading edge. At this portion thc cold air start to mix up with the hot tubc. It

decreases with increasing the axial. distance approaching the fully dcveloped

values. Just up-stream of the exit, the slope of the Heat Transfer Coefficient

gradually rises due to end effcct. The figure shows that at higher Reynoltls

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 thc

fins. The average Heat Transfer Coef1icient of In Line Finned Tube is higher than

that of Smooth Tube.

Figure B 19 and 826 shows (Tw - Tblx VS. X/L and X/D respectively for different

Rcynolds number bascd on insidc diamctcr. Thc (Tw - Tblx valuc 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 (1'w - Tblx gradually falls due to end

effect.

Figure 820 and B27 shows the wall, bulk and tin tip temperature distribution VS.

X/L and X/D respectively for one Reynolds number.
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Analysis for In-Linc Scgmcntcd Finncd Tubc:

The graph of dimensionless pressure drop P* VS. X/L and XID is shown in the

figure 828 and 835 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 tinally approaches the fully developed values away Ii-um

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 Lint:

Finned Tube. Friction factor was calculated from the pressure measured from 60

mm down stream of the inlet section. Figure 1329and 836 show the friction faetur

Fi VS. X/L and XID 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 Frictiun

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 830, 133\ and 1337, 1338shows 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. I8, 3.19.

3.20). At higher Reynolds number the wall temperature is low because more heat

is taken away by the air. The tigure 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 832 and B39 shows the variation of Local Heat Transfer Coerticient VS.

X/L and X/D respectively. Heat Transfer Coefficient is large in the entrance

region due to the development ofthennal boundary layer with the entrance sectiun

as the leading edge. At this portion the cold air start to mix up with the hot tubc. 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. Arter
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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 tinned tube is higher. This is expectcd bccausc

a higher flow rate rcsults in incremcnt of hcat transfer coefticicnt at both tubc

surface and thc surface of the fins. The averagc Heat Transfcr Coefficicnt of in-

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

Smooth Tube.

Figure 835 and 840 shows (Tw - Tblx VS. X/L and X/D respcctivcly for diffcrcnt

Rcynolds number based on inside diamcter. The (Tw - Tblx value is low in the

entrance region. In the middle smooth portion of the tube (Tw - TbJx value

increases as the fin is absent in that portion. After that portion it dcereases

gnidually. Just up-strcam of the cxit, the slope of (Tw - TbJx gradually falls due.

to cnd effect.

Figure 834 and 841 show the wall, bulk and fin tip temperature distribution VS.

X/L and XID respectively for one Reynolds number.

Comflcrative Analysis for Smooth Tuhe, In-Line Finned Tuhe and In-Line

Scgmcntcd Finncd Tuhc:

Figure B4:! shows the variation of li'iclion "letor Fi with Reynolds number f,"' lhe

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 tinned tube is much

higher than that of a Smooth Tube. Friction factor of a in-line tinned tube is 1.93

to 3.5 times higher than that of smooth tube for comparable Reynolds numhcr. It

can be noted that friction factor for in-line segmented finned tube is higher than

that of a Smooth Tubc and lower than that of In Line Finned Tuhe. 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 I-Ieat Transfer

Coefficient increases as the Reynolds number increases. It can be noted thaI

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 tinned 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 I•.,r

comparable Reynolds number.

Figure 844 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 tinned 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 tinned 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, 847 shows the velocity distribution along the tube diameter of

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

Figure B48 and 1349 shows the Calibration curve of the thermocouples and

Calibration curve of the pressure transducers respectively.
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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 tinned

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 mueh lower pressure drop penalty.

The findings of the present study are summarized below:

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

smooth tube. Friction factor of in-linc segmented finned tube is 1.72 to 2.5 timcs

higher than that of smooth tube.

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

to the fully developed value.

3. Pumping power for a in-line finned tube is much higher than that of a Smooth

Tube. Pumping power of a in-line tinned tube is 2.44 to 3.41 times higher than

that of smooth tube for comparable Reynolds number. Pumping powcr 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 tinned tube is 2.21 to

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

4. For smooth tube Local Heat Transfer Coeflicicnt is high in the entranee region as

at this portion the cold air start to mix up with the hot tubc and it decreascs with

incrcasing the axial distance approaching the fully dcveloped valuc. For in lin~

tinned tube Local HeLlt Trnnsfer Coefficient is high in the entrance rcgion ami it
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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 decrcases with increasing

the axial distance. In the middle un finned portion of the tube Local Heat Transfer

Coefficient increases. After that portion Local Heat Transfer Coefficient decrcascs

and Just up-stream of the cxit. the slope of the Local Heat Transfer Cocffieient

gradually rises.

5. For all the tubes at higher Reynolds number, the curve of the Local Hcat TranslCr

Coefficient along the length of the tinned tube is higher.

6. Heat transfer for the in-line finncd tube is 1.7 to 1.8 timcs higher than that of

smooth tube for comparable Reynolds number. Heat translCr for the in-line

seginented tinned tube is 1.77 to 1.9 timcs higher than that of smooth tuhc tl)r

comparable Reynolds number. It is observed from experimcnt that for comparable

Reynolds number heat transfer and surface hcat transfer coefficient for in-line

tinned tube and in-line segmented finned tube are similar but for in-line

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

line finned tube.

The rcsults thus show that both inline tinned tube and in-line scgmented Iinned

tube results in heat transfer enhancement but in-line scgmcntcd finncd tube results

III the same heat transfer cnhanccment with Icss prcssure drop and with less

pumpll1g power.
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APPENDIX - C

SPECIFICA nON

Table Cl

1. Fan:

Capacity 30 m3/min.

Pressure 125 mm of water

H.P 3

Phase 3

Current 4.1 A

Voltage 380 V

2. Temperature Controller:

Range

Input voltage

3. Electric Heating System:

Heat Resistance

Maximum Voltage

Maximum Current

Power

98

0- 2000e

220 V

8.75 Ohm

220 Volts

25 A

5.5 Kw



4. Data Acquisition System:

Colc - Parmer (USA origin)

Number of inputs

Resolution

Accuracy

Linearity

Input Impedence

Binary Inputs

Closure

Power

14 Model PCA - 14

16 Bits

:t 0.02% of range

:t 0.015 %

10000 Megaohms/O.I UF

lION - OFF TTL or Contact

or 10- Bit pulse counter

120 V 50/60 Hz 0.5 A

5. 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: I I11SCC

ZERO BALANCE: I%FS GAGE TYPE: Chemical vapor
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deposited

COMPENSATED 4° TO 176°F ELECTRICAL: Polysilicon strain

TEMP: (-20° TO SO°C) gages reverse

polarity protected

THERMAL 1.5%FS over CONNECTION: Miniature DIN conn.

EFFECTS:

VIBRATION: Withstands 35g peak. WETTED PARTS: 17-4 SS

5602000Hz CASE: Stainless steel

PRESSURE PORT: Y<-lSNPT FATIGUE: 100 MILLION

CYCLES FS

BURST PRESSURE: 400%, 17000 PSI WEIGHT: 3.5 oz (100gm)

max.

PX202, PX212 SERIES PX203. PX213 SERIES

MILLIVOLT OUTPUT VOLTAGE INPUT

EXCITATION: 1OVds. 15Vde max EXCITATION: 24Vdc @ 15mA (7-

35 Vdc)

0.5 - 5.5Vdc

OUTPUT: 100mV +lmV OUTPUT:

100



OPERATING: _40° to 25TF OPERATING: -40' to 257' F

TEMPERA TURE: (400 to 125°C) TEMPERATURE: (40" to l25"C)

INPUT 2.5k to 6kQ OUTPUT 100Q

RESISTANCE: RESISTANCE:

WIRING: +EXC Red/Pin 1 . WIRING: +EXC Red/Pin I;,

+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, PX2 I5 SERIES

CURRENT OUTPUT

EXCITATION

OUTPUT

OPERATING

TEMPERATURE

SPAN TOLERANCE

MAX. LOOP RESISTANCE

WIRING

24Vdc (7-35 Vdc)

Reverse polarity protected

4-20mA (2-wire)

_400 to 257°F

(40° to 125°C)

I%FS

50 X (supply voltage - 7)

+Red/Pin I; -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 P.rocess Meter:

OMEGA

Analog Input Ranges

Input Impedance

Isolation

3111111

Accuracy

Tempco

Excitation Voltage

Display

20 Mn at 300 volts dc

0.004 n or less

Nory1 SPN-420

Jf. lbs.

1 lb.

l-1/4Ib.

% Ibs.

110°C

4-20 mA, 0-5 Vdc, 1-5 Vdc, 0-10 Vdc

Voltage: 1.0 Meg

Current: 20 n
Dielectric strength to 2500V transient per

sapcing base on EN61010 for 260Vrms or dc

working voltage

0.05%R +/-LSB

+/-50 I'I'MI"C

~4 Vdc@25mA

10 Vdc@25 mA

LED 7-segment, 14.2 mm (0.56")

Runge; +9999 to - 1999

Decimal Point: 4 positions
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Power Supply

OMEGA Model U24YIOI

Input Power

Output Voltage

Output Current

Load/Line Regulation

Output Protection

Input Protection

Operating Temp

Storage Temp

Table C2 Shaped Inlet.

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

24 VDC +/-5%

I 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

x/d

y/d

o
o

0.094

o
0.109

0.001

0.1225 0.141

0.001 0.002

0.156

0.003

0.172

0.004

0.188

0.006

0.203

0.008

x/d

y/d

x/d

y/d

0.218

0.057

0.438

0.308

0.234

0.067

0.422

0.325

0.250

0.078

0.406

0.338

0.266

0.091

0.391

0.347

0.281

0.107

0.375

0.353

103

0.297

0.127

0.359

0.358

0.312

0.154

0.344

0.361

0.328

0.219

0.328

0.362

0.344

0.284



APPENDIX-D

SAMPLE CALCULATIONS

Internal diameter of the tube. OJ = 70 mm

Fin height. H

Fin width, W

Number of fin, N

= 15 mm

=3mm

=8mm

ffl)' 1
A, = --' = 3.8485xI0-' sq.

4

A (ltD:! WHN '8 -,
,f = -4-) - = .>.4 85 x 10sq.m

Ail = Di + 2HN = 0.45991 m

As= Dj=0.2199

Hydraulic Diameter:

For Smooth tube

Dh=Dj

For Finned tube

O
_ 4 A,f

il -
ltOj+ 2HN

4 A,f = 0.030340 m
Ail

Dctcnnination of Mean Velocity:

I ,~P=-pV-
2

(0-1)

If V is to be mis, p must be expressed in kg/m3 and ~P in Pascals (N/m2). If h is the

velocity head expressed in cm of water

, h
~p= yh = 9.81 x 10' x 10' = 98.1 x h Pa

104

(0-2)



Standard atmospheric properties at the sea level are

Pressure = 760 mm ofHg

Temperature = 15°C

Dcnsity = 1.225 kg/m3

For any other temperature, tOC and pressure, b mm of I-lg, the value of the density in

kg/m3 is

P, '1', b 288
p,= -' .-.p, = - x -- x 1.225
. P, '1', 760 t+273

( b ')
=>p, = 0.4642, )

. \273+t

From equations (C-I), (C-2) and (C-3)

Y = 20.56( 27~ + t) 1/' (h('

=>Y=C(h('

_ (273+t)'/1
Where, C = 20.)6\. b

h = velocity head, in cm of water.

For Smooth Tube

(0.3)

(0-4)

For, room lcmpcrature, t = 30.8 °C

atm. pressure, b = 743.5 mm (-Ig

C = 13.124

Thc experimcnt was done usmg 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

nccdcd, which was as follows:
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=> 0.834 x H(Oi= 0.855 x 0.855 HD

(0.855)' x H"
:. H",I = h, = 0.834

= 0.877 x 2.54 H" em

[HD in inch of water]

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

M I. V C lih If' I III h II' hill)ean ve OClty, ; = 10 Ii I + 1, + J + ,+ 10

=> Vi = 10.4455 m/s

Mass Flow rate,

= 1.1361 x 0.00385 x 10.4455

= 0.045687 kg/s

[p = 0.9947 kg/m3 of air at 347.3958 K]

M
V = - = 11.92987ml s

pA,

Reynolds Number:

R . = pVD, = 35253,.,
f.l

Friction Factor:

Local friction factor based on inside diameter is given by

F = (-tJ.P I x)D,
, 2pV'

(-!':.J'I x)xO.07x9.8!
=

2x.9947x(l1.92987)'

= 2.4253xIO-.1(-LlPlx)

106
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Local fiction factor based on hydraulic diameter is given by

(-MI X)Dh
Fh = 2

2pV
(D-6)

dell h delP density dl P Dimless P del X delP/dei Fi
(111111) (111111) (w) (kg/m**2) X
6

7 I 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

9 , 994.56 2.984 0.41351 0.46 6.486 0.0157.>

10 4 994.56 3.978 0.55135 0.66 6.028 0.0146

10.25 4.25 994.56 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 0.7581 I 1.46 3.747 0.0091

Pumping power can be defined as

Pm = (-L'lP/p) M

= 4 FiL V' A Vp W
D ? .,.
i -

=2.68873 W

Heat Transfer Calculation:

Tj = 30.8 °C

To = 41.12952 °C

Properties of air are calculated at Tf= 347.3958 K

Cp = 1.006 KJ/kg-OC

K = 0.0298 w/m-oC
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~l= 20.6308 microkg/sec-m

p = 0.9947 kg/m3

Total heat input to the air

Q= MCp (To- Tj) =474.7517 Watt.

Q' = heat input per unit area

Q=-
A,.L

= 1420.358 W / m'

The local bulk temperature of this fluid is,

Q'A"x
T,u =~+--

Me"
= 30.8 + 1420.358 x (0.2199) x x

0.045687x1.006x10'

T", = 31.2 + 6.796x °C

X Tbx 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 17.225

108
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Local convective heat transfer coefficient is given by,

Q'h =---
, (T" - 1',,),

1420.358
=----
(T" - 1',,),

= 1420.38 W /111'''C
(T,,-1',,),

Average Heat Transfer Coefficient

(0-8)

h = Q

474.75= 0.33425 x (112.83 - 35.96)

= 18.48W / m'''C

For In line Finned Tube

For, room temperature, t = 30.2 °C

atm. pressure, b = 741.5 mm Hg

C = 13.128

(0-9)

The experiment was done usmg 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:

=> 0.834 x HOJ1 = 0.855 x 0.855 HD
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(0.855)' x HIJ
'H -h-- .. . ,,' - ,- 0.834

= 0.877 x 2.54 H" em

rHo in inch of water]

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

. C 11 1/2 1/2 112 1/2)MeanvelocltY'V;=IO"h, +h, +h, +......•+h,o

=> Vi = 9.942 m/s

Mass Flow rate,

= 1.135 x 0.00385 x 9.9425

= 0.04345 kg/s

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

M
V=-=11.74m/s

pA,(

Reynolds Number:

R . = pVD; = 37675
" f.1

Friction Factor:

Local friction factor based on inside diameter is given by

F = (-M' / x)D;
, 2pV'
(-!'>P / x)xO.07x9.81

= 2xI .0609x(I 1.74)'

= 2.35xI0-1(-M' / x)
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Local fiction factor based on hydraulic diameter is given by

F. = (-/::;P / X)D"
Ii 2

2pV
(D-II)

delh 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

II 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

Pm = (-i1P/p) M

4 F,L V' W
=-- -/I Vp

D 2',

=9.19128W

Heat Transfer Calculation:

T; = 30.2 °C

To = 48.92 °C
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Properties of air are calculated at l' f = 324.83 K

Cp = 1.0059 KJ/kg-OC

K = 0.0281 w/m-oC

il = 19.570 I microkg/sec-m

p = 1.0609 kg/m3

Total heat input to thc air

Q = MCp (To - Ti) = 818.101 Watt.

Q' = heat input per unit length

Q=
A"L

= 1170.29 Wlm'

The local bulk temperature of this fluid is,

Q'A"x
T"x = T, +--Mep

= 30.2 + 1170.29 x (0.4599) x x
0.04345xl.0059xI0'

T", = 30.1 + 12.32x

X Tbx 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.

0'
17,. = -

CF" - T,,),

1170.29=
(T" - T,,),

= 1170.29 W / m'''C
(T" - T,,),

Average Heat Transfer Coefficient

(0-13)

h= Q

A (T..I'(I\' - Tnlll')
1818.101=

0.699 x (64.89 - 40.06)

= 47.12W/m'''C

For In line Segmented Finned Tube

For, room temperature, t = 29.7 0C

atm. pressure, b = 746.2 mm Hg

C = 13.076

(0-14 )

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:

wlHWI = W2HW2

=> 0.834 x HW1 = 0.855 x 0.855 HD

(0.855)' x H"
:. H", = h, = 0.834

= 0.877 x 2.54 H" em
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Mass Flow rate,

[HD in inch of water]

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

M I. V C f1h1/, h 1/2 h 1/2 I 112)can ve OClty, ; = iO ~ [ + , + J + ,+ 1[([

=> Vi = 10.1850852 m/s

M= AxVi

= 1.1443 x 0.00385 x 10.1850852

= 0.04487 kg/s

[p = 1.0541 kg/m3 of air at 329.0157 K]

M
V = -- = 12.2008m/s

pA,,.

Reynolds Number:

R. = pVD, = 37975,.,
f.l

Friction Factor:

Local friction factor based on inside diameter is given by

F = (-!:lP/x)D,
, 2pV'

(-t-P / x)xO.07x9.81
= 2xl.054Ix(l2.2008)'

= 2.188xI0-J(-/:lP/x)
Local fiction factor based on hydraulic diameter is given by

(-/:lP / X)Dh
Fh = 1

2pV
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delh (mm) delP density diP Dimlcs del X delP/del Fi
(mm) (w) (kg/m * * s P X

2)

6

10 4 994.56 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 = (-6P/p) M

2
= 4 FiL ~ A V W

D 2 x P,
= 6.24058 W

Heat Transfer Calculation:

Tj = 29.7 DC

To = 49.22 °C

Properties of air arc calculated at Tf= 329.0157 K

Cp = 1.0059 KJ/kg-OC

K = 0.0284 w/m.oC

p = 19.7898 microkg/sec-m

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

Q = MCp (To - Ti) = 881.113 Watt.

Heat input to the air per unit area

Q' = MCI'(~} - T,)
(Ah + As + Ah)L

=1525.74 W/m2 (0-17)

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

balance equation

T. (x) = T. + Q'Ahx
" 'MC

I'

Whenx<L1 (0-18)

. Q'Ahx
=T+--, MC

"
= 29.7 + 1525.74 x (0.4599) x x

0.04487x1.0059xIOJ

= 29.7 + 15.55x

T. (x) = (T) + Q' As(0.2)
" I , I-I MC

I'

0' A,(0.2)
T. = T. +---'--
h~ II::' Me

I'

= 36.85 + 1525.74 x (0.2199) x 0.2
0.04487xl.0059xIOJ

= 36.628 + 1.49
= 38.34
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Similarly

T. ( ) - (T.) Q'A,,(0.2)
h x 1- iI-I +---

MC"
When 2L] <x < 3L] (0-.20)

Q' A,,(0.2)
T"6 = T,J5 + ---

MC"
= 39.82 + 1525.74 x (0.4599) x 0.2

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.

Q'
h =---
.' Cr.,-T,,),

1525.74
=

(T" - T,,),

= 1525.74 W / m'''C
(T" - T,,),
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Average Heat Transfer Coefficient

h= Q

A(T..tYII' - T,1f/l')
881.13=

0.5774 x (73.7 - 39.46)

= 44.59W / m2"C
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