LAMINAR DISPERSION IN HELICALLY COILED TUBES

THESTS SUBMITTIED BY

ALOK KUMAR S AXEN 4

DEP ARTMENT OF CHEMICAL ENGINEBRING

IN FULPILMENT 02 REQUIREMENTS OF THE DEGREE OF

DOCTOR OF PHILUSQPHY

70 THE

INDIAN INSTITUTE OF TECHNOLOGY, DELHI

WGUST, 1AL



il

CERTIFIC ATE

This is to certify thnt the thesis entitled,'LAMINIR
DISPERSION IN MELICALLY COILED TUBES' being submitted by
Mr. ilok Kumnr Saxena to the Indion Institute of Technology,
Delhi for the award of the degrec of 'Doctor of Philosophy!
i8 o record of the bonaficd rescarch work carried out by
him. Mr. ilok Kaunr Saxena worked under my guidence for
the submission of this thesis which to ny knowledge has
reached to requisite standard.

The thesis or any part thoreof hnas not been subnitted
to any other university or institution for the award of any

degree or diploma.
WL
Amujam
(Dr, K.D,P, Nigam)
Assistant Professor
Dept. of Chem. Bngg,,




iii

AC SHOWLEDGEMEN TS

The author thankfully acknowledges the able guidance
and advice given during the tenure of this work by his thesis
Supervisor, Dr. L D.P, Nigam. In particular his inspirations
and freedom to execute different ideas deserve :special thanks,

The author is thankful to Professors P.N. Sehgal,

M.K, Sarkar and P.D. Grover for their direct as well ag
indirect encouragement for the completion of this work.

The author would like to express his gratefulness to
his friends and well wishers for their keen interest gnd
encouragement through-out the ocourse of this work.

Thanks are alsco due to faculty members and the
lLaboratory staff for the assistance and cooperation extended
by them. Efficient typing of the manuscript by Mr. V,P. Gulati
is duly acknowledged with thanks,

The aufhor is also deeply conscious of the debt he
oweS Go his old parents for their patience, affectionatc
encourggement and cooperation without which the successful,

completion of the present work wa® not possible.

b o
New Delhi (Mlok K, Saxena)
August, 1982



xiv
ABSTR.ACT

Couplex flow behaviour of fluids, flowing through
coiled tubes, has been drawing the attention of enginecrs
for the last few decades., The reason for this 1s the
mixing in cross-sectional plane causing an increase in hoat
transfer coefficients hence making 1t a better heat traﬁéf@r
equipment and causing a reduction in axial dispersion which
improves the per forwance of flow recactors as coupared to
straight tubes.

The umagnitude of axial dispersion belongs to basic
problews in designing flow reactors for chewical reactions,
This aspect has beoen thesretically a8 well as experinentally

1-6,48-53 for Newtonian Laminar £flow in coiled

investigated
tubes of circular cross-gection., Uespite of considerable
amount of literaturc on axial dispersion in coiled tubes,
there are various helical flow situations which are yet to be
investigated, In the prescnt stuly axial dispersion in
some of such flow situations has been reported.

Ixperimental results on laminar dispersion in non-—
Newtonian helical flow reveal a rcduced axinl dispersion
over that in straight tubes and dispcrsion data have been

successfully correlated with Ny , Nj o and X,

re
’RTDs for diffusion freo Lawinar flow of non~-Nowtomian

" 4

(power law) Jluids through coiled tubos, have been nuwucriceally



XV

computed. Narrowing of QT0 with incresse in pseudoplasticity

of the flowing fluid has been observed and a good agrecucnt

between theoretical and experimental results is found.
Effects of torsion and cross-sectional ellipticity

on diffusion free RTD in helical coils are investigated by

3

nunerically computing RIDs in such cases. Nauman's” model
for diffusion free RTD was fitted to the numerically conputed
RIUs ond wodel parameters are correlated with torosity (T)
and cross-scctional cllipticity (a),

A new parameter 'orientation o5f cross-sectional planc
with the direction of centrifugal-force' in casc of helical
flow through tubes of non-circular cross-section has been
identified and its effcet an TD has been investigated by
carrying out step responsc expuriucents in coiled tubes of
Sguare cross—segction. It is found that coiled tubes of
Square cross—sgction results in o highor axial dispersion a8
couparvd to circular cross-section tubes. An appropriatc
condition under which Taylor's dispersion model holds fon
helical flow in tubes of Squarc cross-scction is n1so provided,

A critical review of tho theoretical and experimontal
results on axial dispersion in coiled tubes reveal that
though colling 5f tubes results in a substantisal -mount of
reduction in nxial dispersion, 1t 1o abttainable onmly at veny

high values of bean number, L6, in turn, results in o hichoer



initigl and operating costs of flow rcactors. To over come
such problouws 2 new coiled configuration is introduced in

the present study. Superiority of the proposed device has
been established on the basls of ibs performance substantially
closcr to ideal plug flow, low initial and operating costs,

conpactness gnd casc of fabrication.



CONTENTS
CERTIFICATE
AC KNOWLEDGEMEN TS
LIST OF FIGURES
LIST OF TABLES
ABSTRACT
NOMENCL ATURE
CHAPTER 1 INTRODUCTION
CHAPTER=-2 LITERATURE SURVEY
21 Axial Dispersion in Laminear Flow
Throuwih Straight Circular Tubes
2.1, newtonion Il ow
2.1.2 Dispersion of a buoyant
solute
2.1.3 Non-Newtonian flow
2.2 Axial Dispersion in Helically

Coiled Tubes

24241

2elal

2,243

Veloelity profile for
laminar flow in curved
tub s

20201.1 Flow in circul ar

colled tubes

2,2.1,2 Flow in curved
tubes of o~

circular Croud-

gection

Convective axial dispersion
in helicadly colled tubes

Axial disporsion in helical

colls under significant
moleculnr diffusion

.

iv

Page
ii
1ii

xii:

xiv

xvii

9
12

16

16

16

29



CHAP TER -5
3.1
5.2
5.3

3.4

3.5

3.6
a7
3.t

2.2.9.1 Theoretical
analysis

2.2,3,2 Bxzperimental
work

EXPERIMENT AT

Properties of Tracew

Method of Tracer Introduction

Megsurement of Tracer Concentration

at Outlet

Choice of Systen

30441,

54,2

3.4.3

Dispersion in Newtonian
laminar flow with
negligible molecular
diffusion

Newtonlan laminar flow
with 8ignificant moplecular
diffusion

Non-Wewbonian laminar
flow in coiled tubes

Physico Chemical Data

3.5.1
5.5.2
3.5.3

Denslty
Rheol ogy

Molecular diffusion coefflw

cient
3e.2.1 Theoretical basis
3.5.%.2  Bvaluation of

Molecular diffg
gion coeflficient

Preparabtion of Coilu

Experimental Set-up

Experimental Procedure

Page
29

32

39
39
40

41
42

4%

44



CHAP TER <4

4.1

4.2

CHAPTER-5

5.1

AXTAL DISPERSION IN NON-NEWTONIAN
LAMINAR FLOW IN COILED TUBES .o

Axial Dispersion with Significant
Molecular Diffusion .

4.1.1 Ranges of variables studied .,

4,1.,2 Bffect of curvature ratio
and power. law index on

response curves .o
4.1,3 Interpretation of response

curves by dispersion model ve
4.1.4 Axial dispersion e

4.1.,5 Condition for the applicability
of dispersion model .

RTD for diffusion free laminear

Flow of Non-Newtonign Fluids

Through Helical Coils L e
4.2,1 Velocity profiles e
4.,2,2 Numerical evaluation of RTD .o

4.2.,3 BEffect of power law index
on diffusion frec RID ve

4,2,4 BExperimental verification .
4.2.5 Effect of Pscudoplasticity

on the performance of coiled

tube reactors ‘o

4.2.6 Conclusions ..

EFFECT O COIL PITCH /ND CROLS -
SECTIONAL LLLIPTCITY O DIFEUSION
L EE RTD

Effcet of Coil Pitch

5.1.17 Velocity profilc

5.1.2 HNunorical cormputations

5.1.% Roeaults

vi

58

59
59

61

61
66

81

84
85
87

104

106
106
107
110
142



CHAPTER ~6

6.1

6.2

6.3

6.4

6.5

6.6
CHAP TER~7
7-1

Te2
T.%

5.2 Effect of Crogs-Sectional

Ellipticity .o

5¢2,1 Velocity profile .o

5.2.2 Numerical computations..

5.2.3 Results .
5.3 Conclusions

LI

LAMINAR DISPERSION IN HEL ICALLY
COILED TUBES OF SqUME CROSS ~SECTION

[ 3 J

Introduction

LI

6.7.1 Cross-scctional orientation .o

RTD for diffusion free Lagninar flow
in Straight tube of Square Cross-
section

fTD for Diffusion Froe Laninar Tlow
in Coiled Tubes of Square Crogs—
section '

6.3.1 Effect of cross~scctional
orlentation with the direction

of centrifugal force -
Laninar disporsion under Strong In~
fluence of Moleeular Diffusion .o
Condition for the Applicability
of Dispersion Model .o
Conclusions o

COILED CONFIGURATION FOR FLOW
INVERSION “s

Introduction
soncept Behind Bending

Notationg Used to belfine the
Geouwctry of Colled Flow Inver ters

vii

119

119
120

123
126

127
127
130

151

137

14.1

141

151
153

154
154
157

161



viii

7.4 Resul 5z and Discussion .o 164

T.4 .1 Dispersion uninflucnced by
molecular diffusion v 167

7T.4.1.7  Numerical compu-
tation of RTD in
coiled flow
inverters .. 168

74012 Validity of the
concept behind
bending .. 173

T.4.1.52 Effect of arm pro-
portion and angle
betwoen arns o 175

T.4.1.4  GBffoct of nuwbor
of bends .o 179

T.4,1.5 Bffect of Dean number
on LRTD in hended
ounils o 181

7.4,1.6 Order of inverslon
and its effect on RTD,. 184

T.4.1.7 EBffect of colling
5 coil : .. 188

Tedel1e8 Goaparison be tween
coitled flow 1lnventers

and static mixers .. oz
7.4.2 Axlal dispersion with strong m
molecular diffusion e 194
7.5  Applicability of Digpersion Model . X2
} hy .
7.6 Prcssure Drop in Coiled Flow
Inverters ve 203
7.7 Conclusions . 208

REFEREN CES e 210



ix

APPENDIX I Computational Schewme to
Obtain rheclogical Constants oo 217

APPENDIX II Computer Program to Qbtain
- Dispersion Number (D/uL) For
in Bxperinentally Obtained
F curve ee 200

APPENDIX TIII Computer Prograus to BEvaluate
RTD for Diffusion Free Laninar
Flow of Non—-Newtonian Fluids

Through Coiled Tubes v 205
APPENDIX IV Computer Program to Predict

the Conversion at the Outlet

of a Flow Reogtor .o 238
LPPENLTX v Computer Program to Evaluate

RTU for Diffusion Free Laninar
Flow in Coiled Tubes of Finite
Pitch en D41

APPENDIX VI Computer Progran to Bvaluate
WIy for diffusion IPree Laninar
low Through Coiled Tubes of

Elliptical Cross-Scetion ve 249
APPENOIX  VII Cowputber Prograa to Evaluate

RTS For uwiffusirn Free

Tiouinar Flow Through Bended
ABOUT THE AU THOL .o .o 261

'J’#'-:OD =



	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12

