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ABSTRACT

This project waok, fiExperimental studies on pressure drop for flow through tubes using
Galvanised I ron wire insert with and without
the effect of turbulence on pressure drop of a heat exchakigst. of the commercial,
domesic and industrial applicatianwhere conversion or utilisatioof energy is involved
requirea heat exchange process. This project deals twéhntroduction ofthree and four
Galvanisediron wires with and without baffles as passive augmentation deViee baffles

used in the experiment were made up of thin tin sheets. By introduction of these inserts in the
flow path of liquid in the inner tube of heat exchanger the effect of turbulence on pressure
drop was observed. It was compared with the value obfimtube. The effect of baffle was

also taken into account and a comparative study was made on the basis of varying baffle
spacef ¢ T CQ@w¢. The flow rate was varied from 38@50 litres/hour. All the
readings and results were compared with the standard data from the smooth tube. The friction
factor for inserts without baffles was in range of 14328 and with baffles was irmnge of
2.3821.87. The pressure drop reading was found to increase with decreasing baffle space.

The friction factor was highest for the four wire insert with 6cm baffle spacing.
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1. INTRODUCTION

The most of the applicatisnin various industries invoBs conversion, utilization and
recovery of energy. Operations like heating and cooling for thermal processing in viscous
media of chemical, steam generation in various power plants, pharmaceutical and agricultural
products, waste heat recovery, gas angidig¢ooling of engines cooling of electronic devices

are the common examples of these processes. So improved heat exchange in these industries
can significantly improve the thermal efficiency of the process along with the economics of

the design and apphtons.

The need for increasing the thermal performance of heat exchangers, thereby effecting
energy, material & cost savings have led to development & use of many techniques termed
as’ Heat transfer Augment ati on. T haess e’ Heagpte s
transfer Enhancement or Intensification. Augmentation techniques may increase convective
heat transfer by reducing the thermal resistance in a heat exchanger. In this process the
pressure drop plays an important role and it should be kept in tmiretluce the pressure

drop in order to reduce the pumping power requirem&nsthe other hand heat exchanger
system in spacecraft, electronic device and medical application may rely primarily on

enhanced thermal performance for their successful opesati

Use of Heat transfemugmentationtechniques lead to increase in heat transfer
coefficient butthe pressure drop of the heat exchanger also increasewhile designing a
heat exchanger using any of ttechniques, analysis ofheat transfatie & pressure dropas
to be done. Apart from thaissues like long term performance & detailed economic analysis
of heat exchanger has to be studied. To achieve high heat transfer rate in an existing or new
heat exchanger while taking care of the éased pumping power, sevemathodshave been

proposed in recent years.

For the present experimental work inserts are made up of twisted Gl wires and baffles are

made up of tin sheets and its effect on pressure drop at different baffle spacing studi



2. LITERATURE REVIEW

2.1 CLASSIFICATI ON OF HEAT TRANFER AUGMENTATION
TECHNIQUES:

The heat transfer enhancement or augmentation may be broadly classified into three
different categories:

1. Passive Techniques

2. Active Techniques

The difference between thievo techniques is that the active techniques require
external power supply to bring about the
need any power supply.

3. Compound Techniques

Sixteen different enhancement techniques have been identified by Berglestdch

is shown in the given table.

Table2.1: Different types of augmentation techniques:

PASSIVE TECHNIQUES ACTIVE TECHNIQUES

Treated Surfaces

Extended Surfaces Mechanical Aids

Rough Surfaces Surface Vibration
Displaced Enhancement Devices Electrostatic Fields
Swirl Flow Dences Fluid Vibration
Surface Tension Devices Injection
Coiled Tubes Jet impingement
Additives for Liquids Suction

Additives for Gases




1.PASSIVE TECHNIQUES: These procedures for thmost part utilize surface or
geometrical changes to the flow channel by fusing inserts or extra devices. They advertise
higher heat transfer coefficients by irritating or adjusting the current flow conduct (with the
exception of extended surfaces) whiaffidiéionally prompts build in the pressure drop. If

there should be an occurrence of extended surfaces, successful heat transfer zone as an
afterthought of the extended surface is expanded. Passive methods hold the preference over
the active strategies abely don't oblige any immediate info of outer force. Heat transfer
augmentation by these procedures might be attained by utilizing:

a. Treated Surface3hese techniques include the fiseale alteration of the surface finish

or application of a coating (atinuous or discontinuous). They are generally used for boiling

and condensing; the roughness height is below that which affects-givagle heat transfer.

b. Rough SurfacesrThe surface adjustments that adveetiturbulence in the flow field

essential n single stage flows and don't expand the heat transfer surface zone. Their
geometric characteristics range from arbitrary sgmah roughness to discrete three

dimensional surface bulges.

c. Extended SurfacesThese surfaces mostly in the form of fine atow regularly

employed in many heat exchangers to increase the heat transfer surface area, especially on

the side with the highest thermal resistances.

d. Displaced Enhancement Devica@®ese are the inserts primarily used in confined

forced convectionThese inserts are inserted into the flow channel $o aslirectlyimprove
energy transport at the heated surface by displacing the fluid from the surface of the duct with

bulk fluid from the core flow.

e. Swirl Flow Devices These consisbf a number ofgeometric arrangements or tube

inserts for forced flow that create rotating or secondary flow. Some of the different types are
Inlet Vortex Generators, Twisted Tape Inserts, Stationary Propellers andGorelinserts

with a screw type winding. They céie used for both single phase flow andpt@se flows.

f. Coiled TubesThese tubes leads to more compact heat exchangers. The secondary flows

or vortices are generated due to curvature of coils that promote higher single phase heat

transfer coefficientas well as improvement in most regimes of boiling.



g. Surface Tension Deviceshese techniques include wicking or grooved surfaces that

direct and improve the flow of fluid to boiling surfaces and from condensing surfaces. Many

manifestations of devicesvolving capillary flow is also possible.

h. Additives for Liquids These include solid particles, soluble trace additives and gas

bubbles in single phase flows and trace additives which reduce the surface tension of the
liquid for boiling systems.

i. Additives for GasesAdditives for gases are liquid droplets or solid particles, which are

introduced in single phase gas flows either as dpiiese (gasolid suspensions) or derse

phase (fluidised beds).

2 ACTIVE TECHNIQUES : These techniques require thes us external power to facilitate

the desired flow modifications and improvement in the rate of heat transfer. Thus, these
techniques are more complex from the use and design point of view. It finds very limited
practical applications. As compared to pasdiechniques, these techniques have not shown
much potential as it is very difficult to provide external power input in many cases. Heat
Transfer Enhancement by this technique can be achieved by incorporating one of the

following methods.

a. Mechanical Ads In this, the stirring of the fluid is done by mechanical means or by

rotating the surface. Anot her type is surf
chemical process industry for batch processing of viscous liquids.

b. Surface VibrationThey ae applied in single phase flows to obtain higher convective
heat transfer coefficients, at eithew or high frequency. This ipossible only in certain
circumstances as the vibrations of sufficient amplitude to affect the heat transfer may destroy
the hat exchanger itself.

c. Fluid Vibration This kind of vibration augmentation technique is employed for single
phase flows. Instead of applying vibrations to the surface, pulsations are created in the fluid
itself. It is the practical type of vibration augntation because of large mass of most heat

exchangers.



d. Electrostatic FieldsElectrostatic fields from a AC or DC source can be applied in

different ways to dielectric liquids to cause bulk mixing or disruption of flow in the vicinity

of heat transfesurface to enhance heat transfer.

e.Injection It is utilized by supplying gas to a stagnant or flowing liquid through a porous

heat transfer surface or by injecting similar fluid into the liquid. The surface degassing of

liquids can produce augmentatisimilar to gas injection.

f. Suction This can be used for both single phase arphdse heat transfer process. It

involves vapour removal, in nucleate or film boiling, or fluid withdrawal, in single phase

flow, through a porous heated surface.

3.COMPOUND TECHNIQUES: A compound technique is the one which involves the
simultaneous combination of two or more of the above techniques with the purpose of further

improving the thermdnydraulic performance of a heat exchanger.

2.2 ERFORMANCE EVALUATION CRITERIA:

In most practical pplications of augmentatiotechniques, the following performance
objectives, along with a set of operating constraints and conditions,uaié/uonsidered for
optimizingthe use of a heat exchanger:

1. Increase the heat duty of axisting heat exchamg without altering the pumpingower
(or pressure drop) or flow rate requirements.

2. Reduce the approach temperature difference betwlee two heaéxchanging fluid
streams for a specified heat load and size of exchanger.

3. Reducelte size or heat transfer surface area remerdgs for a specified heat duiyd
pressure drop or pumping power.

4 . Reduce the process streamds pumpiheay powe |
exchanger surface area.

It can be seethat objectivel accounts for increase in hesdrtsfer rate, objective 2 and 4
yield savings in operating (or energy) costs, and objective 3 teadwterial savings and

reducedcapital costs.

Different Criteria used for evaluating the performance of a single plwasafe:



FIXED GEOMETRY (FG) CRITERIA : The area of flow crossecton (N and di) and tube
lengthare kept constant. This criterion is typically applicable for retrofitting the smooth tubes
of anexisting exchanger with enhanced tubes, thereby maintainengatime basic geometry
ard size(N, di, L). The objectives then could be to increase tha load Q for the same
approachtemperatureseli and mass flow raten or pumping power P; or decreaaeEi or P

for fixed Q andm or P; or reduce P for fixed Q.

FIXED NUMBER (FN) CRITERIA : The flow cross sdional area (N and di) is kept
constant, and the heat exchanger length is allowed to varg.thie objectives are to seek a
reductioninetter t he heat I)orahe pdmeing paverePafor & fixed Yieat

load.

VARIABLE GEOMETRY (VN) CRITERIA: The flow frontal areaN and L) is kept
constant, butheir diameter can change. A heat exchanger is often sized taarspecified
heat duty Q for dixed process fluid flow raten. Because the tube side veloargduces in
such cases so as aescommodate the higher friction losses in the enhanced surfzes tt
becomes necessary iocrease the flow area to maintain stant m. This is usually

accomplished by using a greater number of parallel flow circuits.



Table2.2: Performance Evaluation Critefid

Case | Geometry m P Q T Objective
FGla | N,L,Di X X Qy
FG1b | N, L, Di X X PTi 7
FG-2a N, L, Di X X QY
FG-1b N, L, Di X X @ Ti
FG-3 N, L, Di X X PZ
FN-1 N, Di X X X LZ
FN-2 N, Di X X X LZ
FN-3 N, Di X X X PZ
VG-1 X X X X (NL)
VG-2a N, L X X X QY
VG-2b N, L X X X o Ti
VG-3 N, L X X X PZ

Bergles et al [Psuggested a set of eight (flRB) numbeof performance evaluatiasriteria
as shown in Table.2



Table2.3 Performance Evaluation Criteria of Bergles et al [3]

Criterion number
R1 R2. R3 R4 R5 R6 R7 R8
Basic Geometry X X x X
Flow Rate X X X
Pressure Drop X X X
Pumping Power x
Heat Duty X X X x x
Increase Hat Transfer X X X
Reduce pumping powg x
Reduce ExchangeSiz¢ x X x x

2.2 SWIRL FLOW DEVICES: [1, 2]

Swirl flow devices causes swirl flow or secondary flow in the fluid .A variety of devices can
be employed to cause this effect which iggls tube inserts, altered tube flow arrangements,
and duct geometry modifications. Dimples, ribs, helically twisted tubes are examples of duct
geometry modifications. Tube inserts include twistgoe inserts, helical strip or cored
screw type inserts anavire coils. Periodic tangential fluid injection is type of altered tube
flow arrangement. Among the swirl flow devices, twistepe inserts had been very popular
owing to their better thermal hydraulic performance in single phase, boiling and condensatio
forced convection, as well as design and application issues. Fig 2.1 shows a typical

configuration of twisted tape which is used commonly.



Figure 22: Twisted Tape

Twisted tape inserts increases the heat transfer coefficieétitgelatively small increase in
the pressure drop. They are known to be one of the eavi@stflow devices employed in
the single phase heat transfer processes. Because of idpe @ed application convenience
they have been widely used over decadegenerate the swirl flow in thituid. Size of the
new heat exchanger can be reduced significantly bygusitisted tapes in the new heat
exchanger for a specified heat load. Thus it provides anoagic advantage over the fixed
cost of the equipment. Tigted tapes can be also used for rétin§) purpose. It can increase
the heat duties of the existing shell and tube heat exclarpsisted tapes with multitude
bundles are easy to fit and remove, thus enables tubeclsideing in fouling situations.
Inserts such as twisted tape, wire coils, ribs and d@snphainly obstruct the flow and
separate the primary flow from the secondary flows. Thisesthe enhancement of the heat
transfer in the tube flow. Inserts reduce the effective flosa dhereby ineasing the flow
velocity. This also leads to increase in the pressure drop andime cases causes?o
secondary flow. Secondary flow creates swirl and the miafrtge fluid elements and hence

enhances the temperature gradient, which ultimd¢elds to a high heat transfer coefficient.



3. EXPERIMENTAL SETUP:

3.1. SPECIFICATIONS OF THE HEAT EXCHANGER :

The experiments were carried out in a Double Pipe Heat Exchanger with the following
specifications:
Table3.1: Specification of heat exchanger

Inner pipe hternalDiameter 22mm

Inner pipe @terDiameter 25mm

Outer pipe mternalDiameter 53mm
Outer pipe @terDiameter 61mm
Material of Construction of inner tube Copper
Heat Transfer Ength 2.93m
Pressure tapping to pressure tapping length 2.825m

Water at room temperature was allowed to flow thraghinner pipe.

3.2: TYPES OF INSERTS USED:

For the present experimental work the insert used was Galvanised Iron wires (Gl Tiees).

Gl wires were taken in a bundle of three and four and they are twisted in order to make a
suitable insert. The lengths of the inserts were about 3ang While much literature can be
found about passive heat transfer augmentation using twisted daapegentioned earlier,
twisted Gl wiresare a new kind of insert where no such experiments have beentdose
giving us ample room for experimental studies.The present work deals with finding the
friction factor for theGI wire insert with various numberof wires and comparing those
results with that oftte smooth tube. The GI wires used in this experiment are low in cost and
widely used in different construction works. Fig 3.1 shows the picture of G.I wires used for

fabrication of insert.
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Figure3.1 Gl wires (used for making the inserts)

3.2: TYPES OF BAFFLES USED

The baffles used for present experimental work is made up of thin tin sheets. They were cut
into circular shape with a diameter of 16mm.With the help of the drilling machines wholes
weremade in the centre of the baffles.. While fabricating the baffles special attention was
given towards the diameter which shoul dnot
baffles. Fig 3.2 shows photo of some of the baffles used.

Figure 33: Baffles used
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3.3: FABRICATION OF INSERTS :

Basically there were two types of inserts fabricated using Gl wires. First four numbers of
equal lengths of GI wires were taken and they were straightened. The one end of the four
wires was &d to one point and the other end was tied teltivay lug wrenchThe4 way lug
wrenchwasused in order to twist the Gl wires one over another. The wrench was tightly held
and it was rotated in one direction so that the wires get twisted over onerambth@rench

was rotated carefully such that the pitching was even everywhere. After many rotations the
back pressure continuously increased and a time came when the back pressure decreased.
When the pitching was even theway lug wrenchwas ceased to tate and the wires were

cut off from both the ends. The same process was repeated for three Gl wires and another
insert was fabricated. Using the Baffles at different distances the pressure drop was

measured. Fig 3.3a shows the picture of 4 way lug wrased for fabricating the inserts.

Figure4.3a:4way lug wrench

12



Fig 3.3 b to 3.3i shows the different types of Gl wire inserts used with various baffle spacing.

Fig 33b: Insert made up of three Gl wires

Fig 3.3c. Insert made up dbur Gl wires

Fig3.3d: 3wireinsertwith = 2 4 cm

Fig3.3e: 3 wire insert with b
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Fig3.3f: 3 wire insert with

Fig3.3g: 4 wire insert with

Fig3.3h: 4 wire insert with

Fig3.3i: 4 wire insert with

14



3.4. EXPERIMENTAL SET UP:

The Fig.3.4 shows the schematic diagram of the experimental setup. Basically, it is a double
pipe heat exchanger consisting of an inner pipe of ID 22 mm and OD 25 mm, and an outer
pipe of ID 53 mm and OD 61 mnthe test section is a smooth copper tulith a length of
3meter.The apparatus is also equipped with two rota meters for continuously measuring and
maintaining the particular flow rate;ne for measuring hot water flow and another for
measuring flow rate of cold water. The source for the catemwas from a boreell from

where water was pumped through a submersible pump. There is another tank of capacity 500
litres which has an Hbuilt heater and pump for providing hot water at a particular desired
temperature and flow rate. It is also equéd with a digital temperature indicator connected

to four RTD sensors. They have four different sensors situated at different locations to give
the temperatures Hbr Inner Tube Inlet, T2for Inner Tube Outlet, T-8or Outer Tube rilet

and T4Outer TubeOutlet. One calibrated rotameter with flow ranges from 300 to 1250
litres/hour was used to measure the flow rate of cold wakere is a tube manometer for
measuring the pressure drop in the inner tlilve pressure taping®ne just before the test
section and one after the test section are connected to the manometer for measuring pressure
drop. Thefluid filled inside the manometer is Carbon Te@hloride (CCl4) with Brorme to

give it a pinkish colour for easy identification.

Fig 3.4b shows the jplograph of the experimental setup.

15
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3.5 EXPERIMENTAL PROCEDURE:

1. First theRotameter for the cold water flowate was calibrated

i. For the rotameter calibrationcollected water in a bucket, and simultaneotisgtime

and weight¢ were notedThusthemass flow rate was calculated.

ii. We repeated the same procedure for three times for each particular reading and then

average o#ll the three was taken. The readings are given in A.1.1.
2.Standardization of the sap:

Before beginningdealingwith the experimental study on frictidiactor in heat xchanger
using inserts, the standardization of the experimental setup was dob&alnng thdriction
factorresults for the smooth tube & comparing the obtained data with the standard equations

available.

3.For friction factor determination:
Pressure drop was measured for each flow rate varying froldZ&8IKg/hr with the help of
manometer at room temperature.

I. The Utube manometer used carbon tetrachloride as the manometer liquid.

ii. Air bubbles were removed from the manometer so that the liquid levels in both the
limbs are same when the flow rate is made zero.aliheubbles were removed by removing
the clips attached to the open ends of the pipes connected toThbelimbs and then
allowed the water to flow the open ends in a controlled manner by controlling the flow with
the help of hand to ensure that thelaibbles in the manometer escape out. Then, the ends
were closed with the help of clips. This procedure was repeated every time the experiment is

done.

iii. Water at the room temperature was allowed to flow through the inner pipe of the Heat

Exchanger

iv. The manometer reading was then noted.

4. After the confirmation of validity of the experimental values of friction factor in smooth

tube with standard equations, friction factor studies with inserts were conducted.

18



5. The friction factor rests for all the cases apgesented in Tables A.2A.2..9.

3.6 STANDARD EQUATIONS USED:

For Plain Tube

Friction factor {(Q ) calculations:

a. For Re <2100

b. For Re > 2100

Col burnés Equation:

D~

19



4. SAMPLE CALCULATION:

4.1 ROTAMETER CALIBRATION:

For 900 lph (Table No. A.1.1)

Observation No. 1
Weight of water collected £3.XKg
Time = 62sec
0O =0.2145Kg/sec

Observation No. 2
Weight of water collected £1.65Kg
Time = 52sec
O =0.224Kg/sec
Observation No. 3
Weight of water collected = 11.5&g
Time = 51sec
0O =0.2264Kg/sec

a - =2 8 ° = .2471 kg/sec

4.2 PRESSURE DROP & FRICTION FACTOR CALCULATIONS:

For 4 wires insert without baffles (Table A.2.6)

m=0 .2205 kg/hr

Augmented friction factor iSQ

A 3
0Ol Quw . - oy pmaQo Qi

20
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For viscosity calculation:

Viscosity Vs. Temperature
0.0012
y =4E-11x* - 9E-09x3 + 9E-07x2 - 5E-05x + 0.001
~_ 0.001 R2 — 1
<
=%
7
£ 0.0008
on
<
=~ 0.0006
)
-
£ 0.0004
<
ol
¥ 0.0002
0
0 10 20 30 40 50 60
Temperature (°C)
Fig. 4.1: Viscosity v emperature Graph
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Theoretical friction factor calculation femooth tube:

vo T « T &cmu
R O &cq&nanXX&X
M Wt eYQ? Sttoepxx&XE mWmeup
"Q oL w
9 natn(puga)cc”p
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5. RESULTS AND DISCUSSION:

5.1FRICTION FACTOR RESULTS:

Fig 5.1 shows the plot betweereyholds number and friction factor (both experimental and
theoretical) for smooth tube. In almost all Reynolds number range the differeiace arfid
"Q is within ¢ 1 PThis indicates that the experimental setup can produce frictiorr facto

results with reasonable degree of accuracy. Thus it validates the standardisation of the setup.

I I I |
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[ ] o [ Y : ® = m N
§ oo iy ]
[&)]
©
L
c
ke
§ —
L =
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= f exp
e f theo| A
L T R —
5000 10000 15000 20000 2500030008500£00@G050000

Reynolds Number

Fig 5.1 Friction Factor vs. Reynolds number for Smooth Tube

All the friction factor results and the ratioQ ,‘Qfor the different cases atabled in tables

A.2.2-A.2.9.
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Fig 5.2 shows the variation of Friction factor with Reynolds number for the three wires insert

with baffles and without baffles. The baffles spacing is variedfas ¢ tp &b ¢ @® 9.

From the plot it can be seehat as number of baffles increase the friction factor also

increases. The insert with baffles give more friction factor due to increase in degree of

turbulence of the flow. So for the three wire insert the friction factor is highest for with baffle

spacing( T @O 48
L. —&— smooth tube
f vs. Re for 3 wire insert I e
T ' T I T l T l T
100 - g " A b=24gm
] P % — +—b=12cm
& » —X%— b=6cn
R | 7]
A e A
M= s Y A
B o—% o Ao o
3 S o °®
L
9o
o 104
8 ] e
i —— .
S I e S B
3]
E
1 T T T T T T T T I T T 1|Illllllllllllllllllllll‘lll
5000 10000 15000 20000 25000

Reynolds number

Fig 5.2:Friction Factor vs. Reynolds number tbree wire insert with and without baffles

Fig 5.3 shows the variation of Friction factor with Reynolds number for the four wires insert

with baffles and without baffles. The baffles spacsgaried as |

¢ tp &b @0 9.

From the plot it can be seen that like the three wire insert for this four wires insert also with

the decrease in baffle spacing the friction factor increases So for the four wire insert the

friction factor is hidnest for with baffle spacingi(
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—=&— smooth tube

f vs Re for 4 wire insert e  without baffles
' ' X ' " —a— b=2kcm
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Fig 5.3: Friction Factor vs. Reynolds number four three wire insert with and without baffles

Fig 5.45.7 shows the variation of friction factor and Reynolds number for the three and four
wire inserts with andwithout baffles. The different baffle spacing taken afe
¢ 1p @& @dd. From the plot it can be seen that the friction factor is usually more for 4

wire inserts comparing to three wire inserts. So the friction factor is highest for the four wire
insert with baffle spacing (  @® a8

. i smooth tube
& f vs Re for inserts without baffles 8 idire insiit
T ’ T v T v T v

45 A A— 4 wire insert
40 -

35 4
30 4 A, T

25 3 » -
20 3 P o

3 A,
15 3 -

friction factor*1000

10 3 A

5000 10000 15000 20000 25000 30000
Reynolds number

Fig 5.4:Friction Factor vs. Reynolds number tbree and four wire inserts without baffles
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f vs Re for inserts with b-24cm | —e— 3 wire insert

: . | . T : T : IA -4 Wwire insert
50 3 PR 4
E ’f -—@ ‘ i
40 3 > & l:
o o ]
30 3 A A
3 o) i
o ]
o ]
S 26 o
3 1 A
o i il
o ]
“tg 4
C 1 —
Q T
*6 -
E 10 4 J
5000 10000 15000 20000 25000

Reynolds number

Fig 5.5:Friction Factor vs. Reynolds number tbree and four wire inserts with baffle
spacings 10

f vs Re for inserts with b=12cm | ™ 3 wire insert
1 4 wire insert
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Fig 5.6:Friction Factor vs. Reynolds number tbree and four wire inserts with baffle
spacing? 0
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Fig 5.7: Friction Factor vs. Reynolds number for three and four wire inserts with baffle
spacingg 4O

Fig 5.8 shows the variation of ratiofaugmenéd and theoretical friction factorsthat

is Q nQWith Reynolds number for the three wire inserts with and without baffles.baffles

spacing is varied asf ¢ fp ¢ @ §. From the plot it can be seen that the value of

ratio increass with increase in number of baffles. The ratio is highest for the three wire insert

with( @048
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