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cep e e Sé€tion 1 background of project has been described & also gives a

= brief description of heat transfer enhancement & its technique.

e In Section 2 includes an overall survey of research done and paper
related to this topic.

* In Section 3 the influencing parameters to aerodynamic bead shape in a
heat exchanger tube is described in details.

e In Section 4 the design and fabrication of actual experimental set up is
described in details.

e In Section 5 includes details of the computational testing done on the
experimental set up readings.

e In Section 6 includes details of result and discussion on it.

* In Section 7 includes the conclusion based on results which we get.

e In Section 8 includes the Future Scope based on project work.
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CPYRIGHT OFFICE
MEWLLELH . . -
==4 w2 Lhoe@ndaance the heat transfer augmentation with minimum pressure drop.

Date 30/05/2023

]

e [0 enhance the heat transfer coefficient with increasing thermal
performance.

» To get numerical results for align and cross arrangement of aerodynamic
bead shape surface comparing with plain tube.

e To build test rig set up for testing the performance.

* Manufacture the tube with aligns or cross arrangement of aerodynamic
bead shape, which gives best performance numerically.

» To test the tube under varying mass flow rate for different Reynolds
number.

* To compare the results with plain tube.
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P [ o ] el
Reg. Mo. - L-122503/2023
Date 30/05/2023

]

e For the validation, results derived from two differing methodologies are
compared. In this thesis, computational or numerical and experimental
results would be validated through comparison.

* On the basis of experimentation, the variant with new geometry with aero
beads shall be proposed.

SN
(@J« 5 /




" Introduction A

I.'?

"\ 140 heat exchanger is an important device in almost all of the mechanical
?a-:l h:- L

Sk asosimdUstries as in case of process industries it is key element. Thus from long

time many researchers in this area are working to improve the performance of
these heat exchangers in terms of heat transfer rate, keeping pressure drop in
limit.

e |In order to augment heat transfer and to increase thermal performance of the
heat exchangers heat transfer enhancement techniques are widely used.
These techniques are classified in three groups, active, passive and
compound techniques.

* The literature survey in this area shows that a lot of research work has been
carried out on passive techniques, specially wire coil inserts and twisted tapes.
They have done experimental investigation on wire coil inserts acting alone
and by varying wire thickness, coil pitch, coil separation from tube wall, wire
cross section and have developed correlations for Nusselt number with
different variables listed.

* The study of the papers is aimed at providing detailed information about the
forced convective heat transfer coefficient and thermal field of aerodynamic
3 3 ] 1 shape-type insert in a small circular tube.

3rim ints carried out with air as the working fluid are presented and

25 sS8dNiA these papers. -




Literature Review
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1. Behabadi et al. Turbulent PTT (y=6,9,12 and

15)

i omn RS

2 Chang et al. Turbulent Regularly spaced

short length TT
Uhampled tube Torised tape
Dimpled tube fitted
with TT

3 Thianpong et al. Turbulent

Conical ring with
twisted tape

m

4 P.S.Puandare et al. Turbulent

Wongcharee et al.

Alternate axis
Twisted tape

V —cut Twisted tape

Edgefold Twisted
tape

Laminar

Turbulent

6 P. Murugesan et al.

Turbulent

Decrease in “y’ increase the
heat transfer rate. Pressure
drop increases with
reduction in “y’

Heat transfer and flow
resistance increase with an
increase in the ‘a’

Heat transfer and ‘f’
increases with ‘y” decreases.

With y= 3.75 the 'n’ is 1.96.

‘Nu’ increases with increase
in ‘Re” and fluid
concentration.

Influence of ‘DR’ was more
dominant than “WR’ for all
Re’.

The highest performance of
this TT is 140% when gap
width reduces to 1 mm.

~

It is observed that the
TT with 'y’ =9 gives
the best ‘g’ with
minimum pressure
drop.

The larger ‘a’ yields a
higher heat transfer
value and a greater
flow resistance.

Dimpled tube with TT
gives higher heat

transfer coefficient than
TT.

Combined device
increases the thermal
performance.

TA makes more swirl
in fluid flow with
increased efficiency.

V cut TT gives higher
transfer rate and
friction factor than
plain tube.

ETT with minimum a
gives maximum
thermal performance.

J
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TT with oblique teeth
Dafe 30/85/2023 : ' At constant pumping power, show high performance
8 st ol Ll S R the heat transfer rate is 1.55 than TT without
TFricied (e Oblique teeth.
p@ f\ WTA will create the
Dr. Mohammed Ali et Turbulent Centre wing and Nu, f and g are higher in WTA  effect of swirling flow,
9 al. lternate gxis than plain TT. and strong collision of
Twisted tape. BOSCEENe:
L. o = N o : DTT can replace any of
10 Dr. A.G.Matani et al. Turbulent &-‘ Nl . mc.re,a se,s gl the TT to reduce size of
DTT decrease in ‘Re’.

the heat exchanger.
C\.x-::/ . . . . .
L aminar TT with rod and Nu’ is }3,5 % hlgher than PTT This is well effective for
spmaer and ‘f’ is given as 14.85.

11 Radha Krishnan et al.

laminar flow only.

T .
: . - PTA provides
Eiamsa-ard &

Heat transfer rate by usin maximum thermal
12 Turbulent Peripheral cut- . 0 y & performance at
Seemawute . PTA is 184%. .
Alternate axis constant pumping
Twisted tape power.

Heat transfer rate in
I}

. ‘Nu’, ‘" and ‘g’ increases with tube with CTs are
Turbulent Twin-counter/co- . ) .
. decrease in “y’. higher than those with
twisted tapes CTs

/




Experimental Set-up
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Schematic diagram of the Experimental Set-up




~Manufacturing of the Test Tubes h
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* né¥ paN tube of 1m length having outer diameter 22 mm & inner diameter 19
Reg. Mo. - L-122503/2023

pefe 20004%3:WAS Prepared to use as test tube. Tube is cut by gas wire cutting

method along the axis to form two halves.

e For the preparation of aerodynamic beads shape having depth is 3mm,
radius 5 mm and length is 22.5 mm was cut with help of laser cutting from
cold rolled closed annealed sheet.

* These aerodynamic beads shape are welded over the inside of each half of
the tube.

* The cross arrangement is done for the test tube which is found to be
effective over CFD analysis. The two halves of the tube weld by using Metal
Inert Gas welding.




~Components ™

I.'?

seraamieeners| Blower is used to increase the air velocity. A motorized

MEVY DELH

Rep o c@mf-&fmgal air blower 1HP, Volts (220+6) %, 1.5amps, with speed of 2800
P REM-Maximum discharge 0.38 to 218m3/min.

o Control Valve : Control valve or typical gate valve fitted at the outlet side
of the blower is used to vary the mass flow rate of the air.

» Thermocouples: K type four Thermocouple is used to measure the
surface temperature of the tube, which is having range -200 °C to 1200
oC.

o Orifice Meter: The diameter of the orifice is 1.25 cm and coefficient of
discharge is 0.61. The two pressure tapings of the orifice meter are
connected to a water U-tube manometer to indicate the pressure
Aiffargnce between them.

"= | Glass Heater Coil: Flexi glass heater coil is used for the constant

g supplycto wall surface tube. Y,




* Pressure Taps: A pressure tap is made at inlet and

outlet side of the test section to facilitate the inlet and
outlet air pressure for measurement. These pressure

taps are connected to ‘U tube manometer through
flexible transparent tubing for measuring the pressure
drop between test sections.

Digital Multi meter: MECO 801 is used to measure the
temperature. Accuracy is about (27 £) 60C.

Rheostat: Heat scam model Volt=230, Watt=3000 is
used to give a control voltage and ampere to give
control rate of heating by using heating coil.

/




Computational Methodology
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- TRETRometries of the tube and aerodynamic bead shape employed in the
“Giifstitationlare exactly the same as those used in the experiments.
*The aerodynamic bead shape geometry and grid independence with fine

bead shape.
Geometries Preparation
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| Ft(r)_m_mputation Procedure or Simulation Scheme

=} w0 L&nalysis of problem: Without Aerodynamic

Operation

S Head-Shape, With Aerodynamic Bead Shape o | @ | i

& Numerical Investigations in Plain Tube with Zones

. 1)
Aerodynamic Bead Shape ey @ |
* Solution Setup: The commercial CFD R r———
software Fluent 14.5 was used for the s3be .
. . ~r PeAoddify
computational solution. The mesh was read ~ Delete  ~ Delete all
1 H MHame Type
in to Fluent and setup for solution. —
° Mode| & Solver prellsgure_uutletf E“IIH'&'ELSI_SI_IHE_DLITL J
o Material properties and flow conditions. - —

1 Showr labels _1 Show colors

* Boundary Conditions.

Hame: I:

e Solution Methods and Controls. Type:

W aLL — |

Entity:

Faces _d ||: 1'

L — T 7

Femowve I Edit I /
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& Properties values table

Inlet temp

Tw
di (inner)
do (outer)
Length
Cs area
Surface area
Velocity
mass

density air

viscosity

arameters

Unit

deg.C
deg.C

mm

19709.59 39419.18 51244.94 67012.61
30 30 30 30
70 70 70 70
19 19 19 19
22 22 22 22
1 1 1 1

0.000284 0.000284 0.000284 0.000284

0.069115 0.069115 0.069115 0.069115

15.056 30.112 39.14559 51.19039
0.005 0.01 0.013 0.017
1.171287 1.171287 1.171287 1.171287
1005 1005 1005 1005
0.0242 0.0242 0.0242 0.0242

0.000017 0.000017 0.000017 0.000017

0.705992 0.705992 0.705992 0.705992

54.5745 95.01972 117.211 145.269




'Results And Discussions A
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ettieteney,-aerodynamic bead shape geometry inside the tube have been
developed and many experimental investigations have been conducted to
determine their thermodynamic characteristics.

« Comparison of Experimental Calculations for Cross arrangement
Aerodvnamic Bead Shape & Plain tube

_“

Plain Cross Plain Cross Plain Cross

19709.59 53.2 55.5 116.58 128.1 59.39 68.04 98.1 245.25 0.014 0.0351
39419.18 51.0 53.0 211.05 231.2 103.5 117.35 117.5 343.35 0.0042 0.0123
51244.94 50.0 51.81 261.30 284.9 126.0 141.70 206.0 588.60 0.0044 0.0125
49.2 50.12 328.03 344.6 156.1 166.67 196.2 716.13 0.0024 0.0089




/- Comparlson of Computational (Temperature based) Calculations for Cross &\

srrradignzarrangement of Aerodynamic Bead Shape & Plain tube.

Red. .. . i i ]
Ciate ZELEE

Plain Align Cross Plain Align Cross Plain Align Cross
19709.59 52.24 56.78 54.16 111.76 134.57 121.40 55.99 73.17 62.91
39419.18 49.87 52.74 51.20 199.69 228.54 213.06 96.10 115.49 104.85
51244.94 49.04 51.68 49.81 248.76 283.25 258.76 118.08 140.54 124.39
67012.60 48.27 50.44 48.85 312.14 349.22 322.06 146.32 169.67 152.40

« Comparison of Computational (Pressure based) Calculations for Cross &
Align arrangement of Aerodynamic Bead Shape & Plain tube

I e

Plain Cross Plain Cross

19709.59 253.98 283.842 0.0363 0.0406
39419.18 903.622 957.015 0.0323 0.0342
94 1467.41 1543.88 0.0311 0.0327

60 2413.76 2524.20 0.0299 0.0313




TPF or Overall

f1f)V3 Enhancement
Ratio
0.005 19709.59 1.146 2.507 1.358 1.560
0.01 39419.18 1.133 2.928 1.431 1.621
0.013 51244.94 1.124 2.840 1.416 1.591
0.017 67012.60 1.070 3.708 1.548 1.656

« Enhancement Efficiency of Computational calculations for Cross
arrangement Aerodynamic Bead Shape with Plain tube

TPF or Overall

f1f)V3 Enhancement
Ratio
0.005 19709.59 1.124 1.059 1.019 1.146
0.01 39419.18 1.091 1.118 1.038 1.132

51244.94 1.053 1.052 1.017 1.071

67012.60 1.042 1.046 1.015 1.060
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/~Graph reveals that if Reynolds number increases friction factor

C

Re

s deereasing shows the friction factor values are calculated.
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p. Mo, - L-122503/2023

Date 30/05/2023

Friction Factor vs Re
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/" Comparison between the Overall enhancement ratios

wrrgdReynolds Number of CFD values
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/Comparison between the Pressure Drop Vs Reynolds h
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2520 /
2020 /
—o—Plain Expt
1520 /A  -m=Cross Expt
—+—PD Plain CFD
AP ain
=<PD Cross CFD
1020 ;

=Ptain Theo.

20
0 10000 20000 30000 40000 50000 60000 70000 80000

Re




/Com arison between the Enhancement Factor Vs Re.

~

C
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Enhancement Factor Vs Re

1.35

1.3

-#-Cfd Cross
A

\ ——Expt. cross

1.25

1.2

1.15

\ ==CfdAlign

1.1

[ S—
+

'\\

T~

1.05

0

10000

20000 30000 40000 50000 60000 70000 80000
Re




‘Counters of Static Pressure:
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Coours of Stafc Pressure (pascal) Jan2, 015
ANSYS Fluent 145 {34, dp, phns, he)

. configuration.

=39419.18, Case 3 = 51244.94, and Case 4 = 67012.60.

Sl

Fig4.1.1,4.1.2 and 4.1.3 show that the Static Pressure variations for the plain tube configuration and on align & cross arrangements

Flow Simulation of Enhancement of heat transfer in tube with different varying Reynolds numbers such as Case 1 = 19709.59,

J
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"Conclusions h
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< 2hiscstudy focused on investigating whether the use of cross arrangement aerofoil
Reg. Mo.-

Cet oiHBArtS €anlenhance heat transfer characteristics for a annular channel were

tested for four different Reynolds numbers ranging from 19000 to 68000 with
experimentally and computationally .

* Results revealed that; average Nusselt Numbers and friction factors are
considerably more with both arrangements i.e. cross and align of aerodynamic
bead shape geometry inserts when compared to plain tube.

e Improvement of average Nusselt Numbers for tube with 5 to 20 % for cross
arrangement of aerofoil insert & 16 to 35 % for align arrangement of aerofoil insert
for four different Reynolds numbers ranging from 19000 to 68000 with respect to
Plain Tube.

e The Cross arrangement & Align arrangement of aerodynamic bead shape
geometries proved to give a better thermal performance than the plain tube. Also
concluded that, align arrangement of aerodynamic bead shape is gives higher
thermal performance as compares to cross arrangement in the cost of pressure
drop.

* The pressure drop is considerably more with aerodynamic bead shape geometry

with ~empared to plain tube; but cross arrangement of aerodynamic bead shape




-/Similarly friction factor for plain tube is lower than aerodynamic bead

]

Ha

-

Lat

eabrmpEagegmetry inserts in the tube. But results reveal that, if Reynolds
MEW DELH . . . . .
) ne NUERREniNCreases friction factor is decreasing.

e J0/05/2023

* Average Enhancement efficiency n=h/h,_is varied approximately in
between 1 to 2 times with experimentally or computationally for four
different Reynolds numbers ranging from 19000 to 68000 in cross
arrangement as well as align arrangement of aerodynamic bead shape
tube as compare with plain tube.

* The numerical computation provides reasonably good accuracy in
predicting the heat transfer enhancement capability of the cross and
aligns arrangements compared to the plain tube.

e Variations in experimental, computationally and Theo. values are
because of manufacturing and measuring errors.
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Future Scope
hedaEly simUlation is ongoing process of research that the present status of the

nep- e st Gan be changed by having certain modification, improvement, innovation

efc & it can be work with different geometries inserts as well as different Reynolds
number & also can carry out the experimental studies to validate the present
results.

* In the present work the geometrical changes are made configuration of
aerodynamic shape arrangement.

* For giving the maximum heat transfer enhancement with minimum pressure drop
penalty it can be work with different test tube material.

* Whereas the aerodynamic shape present in the tube are of uniform pitch and
change the pitch ratio.

* One can change the pitch ratio and elongated length of aerofoil shape to
understand the behavior and influence of variations of aerodynamic shape
geometries present on the circular tube.

» Further work, part of this work will be by making efficient analysis of heat
performance parameters, one can develop a correlation for the critical Reynolds
number will derive for the circular tube with align and cross arrangement of

lynamic bead shape geometry.

skany  friction factor fand Nusselt number Nu correlations will be derive with respect
i RW% number and geometric parameters. /
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