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NATIONAL INSTITUTE OF TECHNOLOGY DURGAPUR

(Institute of National Importance Under MHRD, Gout. of India)
MAHATMA GANDHIAVENUE, DURGAPUR-?13209, (WEST BENGAL), INDIA

Ref.No. NITD/R'I‘I/(.‘.PIOXOP‘F/ 168 Date: 14.10.2019

Subject:- [nformation under RTI Act 2005,

=rllect:- Information under dact, 20¢

Ref. :- Your letter dated 20/09/2019 seeking information under RTI Act 2005.
Sir,

In connection with above mentioned subject and reference, the available information’s
are as under;-

e S P e
Your Available Information is enclosed as Annexure “A” (page-
queries 01-75) & Annexu_re-“B”(page-O.1—02)

Enclo: as above,



' NATIONAL INSTITUTE OF TECHNOLOGY,DURGAPUR
'y MAHATMA GANDHI AVENUE, DURGAPUR-713209

No. NITD/ RTI/Estt./3216/ 219 Dated:- 11™ October , 2019

Inter Departmental Memo.

From:- To

Dy.Reg. (Estt.) The Assistant Registrar &
- CPIO

Sub:-Information sought by =~ , under RTI Act-2005.

Ref. NITD/RTI/ CPIO/ OFF/ 168 dated 24.09.2019 .

The following information is hereby provided in respect of RTI application of
.Under RTI Act-2005.

Reply of lnformatlon sought No 01:- The photocopy of application form as duly filled in by
. Department of Mechanical Engineering of NIT Durgapur for mapping from the
post of Plofessor AGP of Rs.10,500/- is enclosed as Annexure-A, page 01 to 75.
Reply of information sought No 02:- The photocopy of Office Order No.NITD/Estt/HAG-
faculty/2018 dated April 24" | 2018 issued to - , Department of Mechanical
Engineering of NIT Durgapur for mapping from AGP Rs. 10,000/- to AGP Rs. 10,500/- is enclosed

as Annexure-B, page01 t002.

JKR
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November 30, 2017

From: Dr. Amar Nath Mullick
Professor
Department of Mechanical Engineering
National Institute of Technology
Durgapur — 713 209

To  The Registrar
National Institute of Technology
Durgapur — 713 209
Through Dean, Faculty Welfare
Sub.: Application for Mapping of Existing Professor with AGP of Rs. 10,000/-
Reference: Advertisement No. NITD/Estt./02/09/2017 dated 25/09/2017
Dear Sir,
Please find enclosed herewith the filled-in Application From for the Post of Professor, Mechanical
Engineering for mapping of existing Professor with AGP of Rs. 10,000/- to Rs. 10,500/~ as per the

Advertisement cited above.

Kindly acknowledge the receipt of the same.

Regards. {
F—wapol
. / 3/14“\/

o A
( -'{-_’—’ ¥ __-" }J{ '\l' Na "y
I " prof. Aniruddhe € Famananihyay

(AMAR NATH MULLICK) B e
Professor A Prof Amruddha Gm\]uo.pauy y
Department of Mechanical Engineering Nm“f B sttt i l-\--}.\-,..-nf
National Institute of Technology Dutgaput - 713

Durgapur — 713 209
Emp-I1d - 4P - 917

Fncl.: a) Filled-in Application Form in the prescribed format
Photocopy of the First page of Journals & Conference Proceedings
Filled-in Data Sheet.

QI'}
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NATIONAL INSTITUTE OF TECHNOLOGY DURGAPUR
MAHATMA GANDHI AVENUE, DURGAPUR-713209
WEST BENGAL, INDIA, www.nitdgp.ac.in

(An Autonomous Institution of the Govt. of India under MHRD)

Advertisement No.: NITD/Estt./02/09/2017 Date: 25.09.2017
(Note: Incon jcations 1 e
[ PostAppliedfor& AGP DD Number | ]
Department Amount&Date i -
Specialization Name of issuing bank
I. | Name in full (in block letters) AMAR NATH MULLICK ‘
2. | Father's/Husband’s Name Late Bhola Nath Mullick

3. | Mother’s Name Smt. Saraju Mullick

4. | Date of Birth January ]2, 1958
Ageason06.11.2017 59 Year| 10 Month | 15 Day
5. | a)Marital Status: Masried/Unmarried b)Gender: Male/Female
6. | a)Permanent address: b)Correspondence address:
77/ 1 B Sri Gopal Mullick Lane, G + 8 Apartment, Elat No. 504, NIT Campus,
Kolkata 700 012 Durgapur 713 209

Phone (with 0830385342/9434788052 | E-mail | anmullick(@gmail.com/
STDY Mobile No. amarnath.mullick@me.nitdgp.ac.in
7. | Nationality Indian

8. |Category under which seeking SCSTIORGPWDANOMEN
reservation/relaxation

9, Educational Qualification (from Matriculation onwards):

Exam. passed Specialization Board/University ) Passing year| Class/ Y%marks/ CGPA
Division
Higher ~ [Science WBSE R First  [60.1 o
Secondary
BME Mechanical Engg |[Jadavpur University 1979 First Class [78.4 ]
MME Hydraulics & Jadavpur University 2000 First Class [73.4
Fluid Mechanics

Ph D Mechanical Jadavpur University 2007 -
Apr 02 - Apr 07 |[Engineering | B |

Signme;\ppncant

Page 1 ot 16

* For PhD Degree mention the cjuration/period._



10. Detailsofemployments:

(a)Teaching:

Total: 17 Years

Past PhD: 10 Years 7 Months

| SINo.[ Name  and _—{ Designation Pa\—su_iiu From To | Duration mt. of
address of | ' organization
cmployer
1 [National Institute of Professor  [37,400- 01.02.13 [Till date [I'wo years [Educational
__[Technology 67,000 with Institute
2 -do- Associate  37,400- )1.02.10  31.01.13  [Three years ~do-
Professor 167,000 with |
3 Aos I Fosigent 12,000-420-D102.07 BiULIO |1bres Y oA -do-
Professor  |18,300
4 |Future Institute of Assistant  112,000-420-(16.08.05 31.01.07 IOne & half ~do-
Technology, Professor  |18300 years
5 Netaji Subhash Senior Lecturer{10,000-325-01.02.02  [15.08.05 [Three & -do-
Engincering 15,200 half years
6 Bengal Institute of  [Part-time 19.10.2K [31.01.02 One & Half -do-
Technology Faculty Year

11. Other information (Experiments/ Computational projects added to teaching laboratories/
Courses offered through application of ICT/E-learning packages prepared):
Experiments in newly developed Aerodynamics Lab done by the UG students as a part of their
Final Year Project and validate their result through Computational Simulation

12. Research activities:(Specify total Number and attach |

per format given):

(a)Paper publications in National/ International Journals (SCI/ SCOPUS indexed journals only):

(Attach photocopy of first page) See Annexure |

ist of publication in each category as

WNO.

Title of paper

Author(s)

Nameofthelournal

Vol.&Year

Pages

—

Signatureof Candidate

Page 2 of 16
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(b)Paper Publications in Conferences (SCI/SCOPUS/Web of Science/Internationally renowned

conference):
(Attach photo copy of first page) See Annexure Il

SiNo. |Titleof paper | Co-author(s), | Name of the Conference | Date
) ifany
—]
(c)Number of UG and PG students guided / Ongoing:
UG PG
Guided Ongoing Guided Ongoing
40 3 5 l
(d) Details of PhD Students (Guided and Ongoing): See Annexure |lI
SL.No Nameo fStudent Year TitleoftheDissertation Status(Cumplctecl '

/Ongoing)




13. Books/ Monographs/Book chapters written:

o)

SINo. | Name of book/monograph/ | Name of Co- | Vearof | Publisher with
Book chapters author(s).If Publication address
any
I [Studies of Flow through air intake [Sole Author 2012 [.ap Lambert
using Artificial Intelligence Academic

bl lpublishing, |
14. Seminars/Short Term Courses /Summer Schools/ Winter Schools organized:
[gl No. i_ifﬁ_ﬁn_ o ]Tn - _f '_\_d_n_leofmc_ m-[_‘_lauﬁn - | Numhernf !

course /Coordinator Participants J
'f' o o __ EARSE 09 Organising Secretary 32 __(
2 NaCoMM 09 Conference Secretary 80 ‘

15.Seminars/Short Term Courses/Summer Schools/Winter school attended, if any

SINo. | From To ﬁhsiiluthOrgatﬁzaiion Sponsored by | Name of the course |
I 19.08.13  3.08.13 |IIM Lucknow MHRD Management Capacity
o | Enhancement -
2 2.2.17 8.2.17 [IM Indore MHRD Do

16.Research Projects/Spunsoredproject/Cansultancyactivities:

Sponsoring Agency

Title of the Project

Period

Amount

Status (Completed/
ongoing)

17.Membership of Professional Bodies:

_—

SLNo. | Name of Professional body - Membership no. with validity
| Institute of Engineers (India) F—-018176 -1 Fellow, Life
2 American Society of Mechanical Engineers M — 8185555 Member, Annual
3 Institute of Electrical & Electronics Engineers M - 90499913 Senior Member,
8 National Society of Fluid Mechanics & Fluid Power |M - 154 Member, Life
5 Assiciation of Machines & Mechanism Member, Life
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18.Administrative/InstituteSupportwork: See Annexure IV

SI.No. | Section /office/Institute] From [ To | Positionheld | Responsibilities i
level committee !
|

19.Any otherrelevantinformation:(Addseparatesheetifrequired)
. Reviewer of the Journals
Journal ot Mechanical Science & Technology
Journal of Applied Fluid Mechanics
Conferences organized by ASME.
Project Reports of Kerala State Council for Science, Technology and Environment
. Act as Resource Person at
Jadavpur University
Durgapur Institute of Advanced Technology & Management
e Act as Examiner
Jadavpur University
° Act as Advisor
Tripura Public Service Commission
20.Nameandaddressoftwo References:

1"Referee 2 Referee '
Name Prof Bireswar Majumdar Name Prof. Sivaj1 Chakravorty
Position Professor Position Director, NIT, Calicut
Address Power Engineering Address INIT Calicut
E-Mail ~ b_maj3255@yahoo.com E-Mail s_chakravorti(@ieee.org
PhoneNo. +919433213671 PhoneNo. - i ]
E-MailAddress| | E-MailAddress B

21.Did you previously apply against earlier advertisement(s)? If yes, give particulars: No

DECLARATION

“I'hereby declare that the statements made by me in above form are true, complete and

correct to best of my knowledge and belief.” e R
g
Place: Durgapur Signature of Applicant

Date: November 30, 2017

Name: Prof. Amar Nath Mullick
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| Totai W_xﬁc_.mcjm.m ' Years: 38 Years 3 Months Post Ph.[2: 10 Years 7 Months __
T eaching Experience | Years: 17 Years Post Ph.D: 10 years 7 Months __

. | Rescarch Experience Years: 17 Years Post Ph.D: 10 years 7 Months

__ Industrial Experience Years: 21 Years Post Ph.D:

9 i Number of years of post-Ph.D exg erience outside

| NITD(for Ph.Ds of NITD) |
_ Publication details International National _

_ﬁ 10 | Papers in SCI/Scopus indexed Jls. 8

m - Conference Proceedin as( SCI/Scopus indexed 3

| | /Web of science N _.

|11 | No. of Thesis guided UG: 40 PG: 5

_rum No. of Ph.D thesis Completed: 2 Submitted: 1 Ongoing: 4

_ 13 __ No. Books/chapters authored Books: 1 Book Chapters:

w|E | No. of patents - Granted: Filed:

b | No. of R&D Projects: Total A t:

' 15 | R & D Projects/Consultancy jobs 2 = : =

| | B y No. of consultancy jobs: | Total Amount:

16 | Fellowship in Professional body Institute of Engineers (India)

m 17 | No. of awards/ distinction, if any

_ 18 | Cumulative Credit points 130 (114)

19 | Any other relevant information \

| Place:Durgapur e
| Date: November 30, 2017 Signature of Applicant ﬁl ) e
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e s e e — : _ “
Numerical Study on the _ | _ “
Thermofluidic Transport of | , \- 1, 1 . , _ Thesis Submitted | - |

A A N Mullick, hatterjee A N Mullick 2 - 2
| Fly Ash-Water Slurry in [ AN Nutiok, D hansrpe _ A 7 2017 _
.| Horizontal Pipeline | | | |
_ Total Credit points 15
| R
(4). Paper Publications in non-paid SCI/Scopus indexed Journals only (Since the last promotion):
N First author/ | Credits
| | itle of ith Vol. N Auth fotal
| MH _ Name of the Journal “ T ot e ﬁMﬁmw Wi VOL RO MH/_ Oamﬁmw Main Supervisor? | No. of __
| No. | _ year am P “
| o
| International Journal of Numerical Prediction of Flow and | B B Nayek, D Chaterjee & AN
_ Thermal Science _ Heat Transfer Characteristics of Mullick !
_ 1 | water-fly Ash Slurry in a 180° m AN Mullick Three < _
m return pipe bend, Vol. 113, 2017 _
_ —
" Multiphase Science & | Numerical Simulation of B B Nayek, D Chaterjee & AN "
' Technology Convective Transport of Fly ash- | Mullick _
m Z _. water slurry in Horizontal pipe AN Mullick | Three 2
_ bend, Vol. 27, 2015 _,_
| sl i L _ !
_ _ Journal of Computational Numerical analysis of convective B B Nayek, S Gupta, D 7
_ | Multiphase Flows transport of fly ash-water slurry Chatterjee & A N Mullick _
3 _ through a horizontal pipe, Vol. 7 A N Mullick 7 Four 2 .”
_ 2015 | _
U | Bt e | ]
. | International Review of | A Computational Analysis of Flow | A K Biswas, P KSinha, AN _ _ _
4 | Mechanical Engineering | Structure through a constant area | Mullick & B Majumdar A N Mullick | B _ ) _
" | S duct, Vol. 8, 2014 | 7 _
L I — _ il | | !
| International Review of A Computational Analysis of Flow | A K Biswas, P K Sinha, AN i _
5 | Aerospace Engineering Structure through a constant area | Mullick & B Majumdar A N Mullick 7 Eoiit | 2
| S duct, Vol. 6, 2013 " _ _
”-. - | International Review of | CFD Investigation of Flow through | A K Biswas, P K Sinha, AN |"_ _ 7 T
_ 6 _ Mechanical Engineering a Constant Area Curved Duct, Vol. | Mullick & B Majumdar _ A N Mullick i Four | 2
| 6, 2012
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International Conference on Fluid Ana s of Flow Performance through P K Sinha AM  allick B _ Four _
8 Dynamics and Thermodynamics | Annular Curved Diffusing Duct using Halder B Majumdar _ A N Mullick _ 06 |
| Technology (FDTT 2012) | CFD. March 2012 | _
. International Conference on Design ind | A Comparative Study of Turbulence N K Das A K Biswas, _ ! Seven _
g | Advances in Mechanical Engineerin 1 Models Performance through a Curved Ashoke K Raman A N A N Mullick 06 |
! held at Tiruvannamalai Diffuser in Turbulent Flow Regime. Dec Mullick B Halder P Ray & [
_ 2011 B Majumdar
4™ International Meetings of Advances | Wall Y Approach for Dealing with Isha Shukla, S S Tupkari, Four _
10 | in Thermofluids (IMAT 2011), Maleka, | Turbulent Flow Through a Constant Area | Ashoke K Raman & AN A N Mullick 06 |
| __ Malavsia Duct, Oct 2011 Mullick
“ m 4™ International Meetings of Advances Numerical Investigation of flow througha | P K Sinha A N Mullick B Four _
m 11 _ in Thermofluids (IMAT 2011), Mal:ka, | Curved Annular Diffuser, Oct 2011 Halder B Majumdar A N Mullick 0.6 “
_ Malavsia *
' 5" International Conference on Advince | A Numerical Analysis of Flow Ashoke K Raman A K Three _
12 | Mechanical Engineering at SVNIT, Development through a Constant Area Biswas & A N Mullick A N Mullick 0.6
_ Surat Duct, June 2011
e | 5™ International Conference on Advince | Numerical Investigation of flow through P K Sinha A N Mullick B Four
13 Mechanical Engineering at SVNIT, Annular Curved Diffusing Duct, June 2011 | Halder B Majumdar A N Mullick 0.6
Surat
_ International Conference on Modelir g, Characteristics of Fluid Flow through Meenkshi Mour, Debarun Three
14 | Optimization & Computing (ICMOC Microchannels, Oct 2010 Das & A N Mullick [ A N Mullick 0.6
| 2010). at NIT Durgapur, India
_ | International Conference on Modelir g. Flow Investigation through Annular P K Sinha A N Mullick B | Four m
[ 5 i Optimization & Computing (ICMOC | Curved Diffusing Duct, Oct 2010 Halder B Majumdar A N Mullick m_ 06 |
_ | 2010). at NIT Durgapur. India __
m | 37™ National & 4" International | Flow Investigation through annular curved | P K Sinha A N Mullick B Four
.16 _ Conference on FMFP 2010, at I1T diffuser, Dec 2010 Halder B Majumdar A N Mullick 0.6
| Chennai. India
| 37" National & 4™ International | Flow development in a constant area duct, | A K Biswas, A N Mullick Three
| 17 | Conference on FMFP 2010, at [IT Dec 2010 & B Majumdar A N Mullick 0.6
_ Chennai. India
“ " 37" National & 4™ International An experimental investigation on a flow N K Das A N Mullick B Five
_ 18 | Conference on FMFP 2010, at IIT through a curved diffuser, Dec 2010 Halder P Ray & B A N Mullick 0.6 |
_ | Chennai. India | Majumdar | |
l 1* International Conference on New Biofucls — a healthier and wealthier future | Shankarnsh Srivastava | Three
|19 | Frontiers in Biofuels. at Delhi | for India, January 2010 Nirupam Kar & A N A N Mullick 0.6
_| Technological University. India _ Mullick
! | ASME International Mechanical Flow _:<mmmmimﬂm_._ through a 30° Turn P K Sinha A N Mullick B o Four _
| Enginecring Congress & Exposition Diffusing Duct in Subsonic Flow Regime, | Halder B Majumdar _
201 2009 held at Florida USA IMECETN 6 | Nov 3008 , | A NMutiec D&
MULmT |
| Total Credit points | 12 (10) |
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mH.H/,_cl _ Title of the Project Name of supervisor(s) L Academic session | Credits |
"1 | A Numerical Study of Flov development through a Bifurcated Duct A N Mullick “ 2011 0.5 |
_ 2 Rheological Behaviour of /.1-Mg»5i Composite A N Mullick 2015 0.5 |
u_ 3 M.m.vdu.oawﬂmgmn Viscous Friction Analysis of Piston Ring and Cylinder A N Mullick & B Bera 2015 0.5
| Liner Contact
| 4 _ M*_HMQHQ\ Drag Coefficient cn the Aerodynamic performance of the A N Mullick & S Banerjee 2016 05
_ chicle |
[ 5 | " Aerodynamic Drag reduction of Bluff Body “. A N Mullick 2017 05 |
| 6 | Z.ﬂEmEan Investigation of Flow Characteristics of Butterfly Valve at AN Mullick 2017 05 |
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4 Um.m_rﬂ and Km_u&mngﬁsfm of a Low Cost Domestic Solar Water Heating System AN Mullick 2013 0.25
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g | MHD flow and Heat Transfer past a Square Cylinder in a Duct at High Hartmann A N Mullick 2014 0.25
. & Reynolds Number
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11 | Design of Centrifugal Pump - a Case study A N Mullick 2015 0.25
12 | Comparison of Flow of Water and Slurry Through a Pipe - a Case Study A N Mullick 3 025
.13 | Mesh Optimization of Diffuser A N Mullick 2016 0.25
.14 | Wind as an Alternate Source of Energy A N Mullick 20016 0.25
15 | Characteristics of Fluid Flow Through Microchannels & Electro-osmotic process A N Mullick 2017 0.25
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| 2 _“
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Place & Date Durgapur, November 30, 2017 Signature of applicant
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Numerical prediction of flow and heat transfer characteristics of
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ARTICLE INFO ABSTRACT

Article history:
Received 22 April 2006
Received in revised form

28 November 2016

Accepted 28 November 2016

A three-dimensional numerical simulation is performed to predict the thermofluidic transport charac-
teristics of water-fly ash slurry in an 180° return bend. U pipelines of diamerer 33 mm with radius ratios
0f 2.98 and 5.6 are considered that may replicate a shell and tube type heat exchanger. The pressure drop
and heat transfer characteristics are predicted and the effects of Dean, Nusselt and Reynolds numbers on

the vortex structure formation and heat transfer are studied The numerical simulation is carried out hy
deploying the granular Eulerian multiphase model following a finite volume approach. The turbulent

Keywords;

Liquid-salid slurry flow
Heat transfer coefficient
Numerical simulation
Eulerian model

180" curved pipes
Pressure drop

transport is addressed using the RNG k
coefficient of pipe bends of smaller radius ratio is 53.28% more than the larger radius ratio for the solid
concentration of 10% and velocity of 1 m/s. Its value increases with increase in the particle concentration
and wvelocity due to the presence of a secondary flow in the bends. The Dean number increases with
decreasing the radius ratio and the daverage Nusselt number increases with increasing the Reynolds
number, With increasing Dean Number, the Nusselt number increases with decreasing the radius of
curvature for the same particle concentration. When the particle concentration increases, the average

 turbulence model. The results revealed that the heat transfer

Nusselt number also increases. The average Nusselt number in the return bend appears to be higher than
that in the inlet and outlet pipes due ro the presence of the secondary flows.

1. Introduction

The U pipelines are frequently found in shell and tube type heat
exchangers which are widely used in oil refineries, refrigeration
and air-conditioning and thermal processing plants due to their
tompact structure and high heat transfer coefficient | 1. Unlike the
straight tubes, the bent tubes offer certain interesting fluid dynamic
aspects which significantly influence the overall thermo-fluidic
transport. Because of the curvature effect in bends, a secondary
flow originates in the bend portion as a consequence of the cen-
trifugal force. The vortices produced due to the secondary flow
causes an interchange of the slow moving fluid near the wall and
the faster moving fluid at the central core. This causes a substantial
increase in the heat transfer rate between the walls and the fluid
flowing through the tubes, However, it is also observed that there is
an excess pressure loss in the curved pipes due to the presence of
the secondary flow. In case of two phase solid-liquid flow, this

* Corresponding author
E-mail address: o chacterped;

wain (DL Chatterjee)

B edon ory W TOTRF | aneeespat ey “UlR 1L 15
1290-U729/© 2016 Published by Elsevier Masson SAS.

© 2016 Published by Elsevier Masson SAS

secondary flow also influences the distribution of the solids leading
to excessive wear, Usually, the heat transfer between the wall and
the fluid is convective; however, the conductive transport also
becomes important owing to the no-slip condition at the inner
boundary layer. When the turbulence intensity increases, the sec-
ondary flow also increases at the bend portions [2] augmenting the
convective mode of heat transfer. These fundamental and techno-
logical issues need o be addressed through a systematic study on
various thermo-fluidic aspects during pipeiine transportation of
solid materials in the form of slurry. In this wark, the hydradynamic
and thermal transport characteristics are studied far the fow of
water-fly ash slurry in an 180° return bend.

As such, in order to design the heat exchanger for the fly ash
slurry flow, it is essential Lo estimate the heat transfer and pressure
drop characteristics of the fly ash produced by the combustion of
coal in thermal power plants. The present study aims at performing
the numerical investigation of the influence of dispersed particles
on the heat transfer of liquid-solid slurry flow in a horizontal Li-
bend pipe using coal fly ash particles of diameter 13 pm suspended
In water at concentrations ranging from 10 to 50%. The pipes can
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NUMERICAL SIMULATION OF CONVECTIVE
TRANSPORT OF FLY ASH-WATER SLURRY IN
HORIZONTAL PIPE BENDS

Bibhuti Bhusan Nayak," Dipankar Chatterjee,”" &
Amar Nath Mullick’

'Department of Mechanical Engineering, National nstitute of
lechnology, Duigapur, Durgapur-713209, Idia

“Simulation & Modeling Luboratory, CSIR-Central Mechanical
Engineering Research Institute, Durgapur-713209, India

"Address all correspondence to: Dipankar Chatterjee,
E-mail: d_chatterjec@emeri ros.in

A 3D wnerical study is conducted fo analyze te thermo Fluwdic Gransport assoctared with Hre flow
uf water fly ash slurey i Y0 deg curoed horizontal pives having different radrus ratios {(ratio betipecn
fidines of curvature and radins of pipe) of 2.98 and 5.6. The above phenomena in bends 12 also con-
pared with straight pipe of the same length awd deameter for the flow of spherical fly ash particle of
sizes 13 and 34 o al velocities ranging between 1 and 5 m/s and porticle concentrations witinn 10
0%, by volwne for cach velocity, The simulation is earried ol by deploying a Evlevian nultiphese
edel available m the commprcial computational fluid dynanncs code Ansys Fluent, The pipe wall is
kept at an isothermal condition uf 100 K, whereas the slurry enters the pipeline at a temperature of
00 K The results indwate that the pipes luoring bevuds enfwee the feat traashr performance at the
expense of the increased pressure dvop compared fo the stratgltt pipes amd also He pressure drop and
heat transfer increase with ‘!':'m'::.smg radins of curvature due to Hie inerease of the seconedary fluwe o
the pipe bends. (¥ i aiso obseroed that e pressure drap is aloays grealer wheri the slurry conbams
larger size particles. O the contrary, te heat transfer coefficient of the shirey lnvis 1 swaller size
of particles is fornd more in comparison fo thi larger-size particl slurry

KEY WORDS: slurry transport, heat transfer, numerical simudation, Lulerian
model, pipe bends, secondary flow

1. INTRODUCTION

Pipelines are very common means for the long-distance hydraulical wansnortation of
various solid materials such as the coal, ly ash, limestone, zine tailings, rock phosphate
Gilsonite, copper and iron concentrate, ete. Pipe bends arce an mtegral part of any pipeline
twork systemn sinee they provide Nexibility in routing. However, because of the cur-
vature effect in bends, a secondary flow originates in the bend portion as 4 consequence
of the centrifugal force. This secondary flow may cause a significant enhancement in
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Through a Horizontal Pipe
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Abstract

The thermal tansport of solid-liquid suspension under turbulent flow condition is net
well mderstood becanse of the complex interaction between the solid particles and the
tirhulent carrier fluid. The solid particles may enhance or suppress the rate of heat
trinsfer and turbulence depending on their size and concentration, In the present paper,
a three-dimenswonal numerical simulation is carried out in order to study the pressure
drop and heal transfer characteristics of a hguid-solid slury flow in o horizontal pipe.
[he simulation is performed by using the algebraic slip mixture {ASM) model which
s a part ol the finite-volume based CFD software Ansys Fluent. The turbulence is
handled by the RNG L - ¢ model. A hexagonal shape and cooper type non-uniform
three-chmensionsl grid is created o diseretize the computational domaim. Spherical fly
ash particles, with mass median diameter of [3pm for an average flow veloeity ranging
Fromn 1-5 mi/s and particle concentrations within 0-40% by volume for cach velocity, arc
considered as the dispersed phase. The results illustrate thal higher particle
concentration in the flow causes an increase n the heat tansfer and pressure diop,
NMoreaver, both heat transter and pressure drop are seen 1o show a positive dependence
on the mean velocity ol the flow.

1. INTRODUCTION

Liguid-solid two phase flows, referred (o ag slurties, are common to many engmeering and natural
processes. Pressure dirop and the rate of enhancement or suppresston ol heat transfer due to the
presence of the solid particles in slurry flows depend ou their concentration and size distribution.
The knowledge of these two characteristics is essentinl for the design of slurry pumps. heat

exchanger,, driers, Muidized beds and slurry pipeline veactors which helps to maximize the
ceonamie benefit. Addition of micron-size salid particles into gases or liguids at small volumetnie
Fractions 15 known to enhance heat transfer dae 1o the thinning of the viscous sub-layer and creating
a high thermal conductivity in that layer Owing to the shortages in the energy and matenal in near
futre - development of various heat transter enhancement technigues has grabbed the witention of
tiny rescarchers

Marada ot al [ experimentally investigated heat transfer from wall to water suspensions of
glass heads tparticle diameter. = 006 1 1 mmy or 1on exchange resin (d = 0.8 mim) flowing
thraugh horrzontal pipes (pipe dinmeter, 2 = Finn, 19mm, 25mm) with Reynolds numbers within
the range 3000 to 50000 and volume fraction of solid O te 0.1 They concluded that for particle sizes
larger than 035 mm inddiameter. the heat transter coefficient was alwavs 10-30 9 barger than water
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A Computational An

Through a Constan

. 2 ; 9
A K. BISWGSI. Prasanta K. Sinha

Abstract — [n the present investigation the distribution of wall sta

are e.q;er:n:enmh’y studied  on
22.5°/22,5°/22.5°/22.5°
masy averaged mean ve
from wall-2 to wall-1 in the
bend and forth bend of the duct along the
of the DS-duct is psurely

a

uniform in nature

of experimenial and predicied
experimental and
reserved,

Keywords: Constant Area DS-Duct, Secondary

Nomenclature
Dn Dean Number
L Centerline length
R. Mean Radius of curvature
R, Reynold's number (U,.D/v)
0.5 Inlet Average Velocity
W (nlet Width
b Height of duct
Ap Angle of turn of the curvature
v Kinematic Viscosity

I. Introduction

Constant arca Double S-ducts are used for many
engineering applications  hike small aireraft  intakes,
combustors, internal cooling system of pas turbines,
HVAC ducting system, wind tunnels, heat exchangers in
food processing relri geration and hydrocarbon industries
ete. In order to improve the performance of a duct it is
absolutely necessary to design the duct with proper
geometry so that the losses due to {riction and eddies are
minimized. Depending upon its application, the shape of
the duct is chosen either straight or curved or annular or
polar or sector.

As a matter of fact the flow through a curved duct is
more complex compared o straight duct due to the
curvature of the centerline. It induces centrifugal forces
on the flowing Huid resulting in the development of a
secondary motion, which is manifested in the form of a
pair of contra-rotating  vortices. Depending on  the
objective, hydro-mechanical systems often demand for
the design of ducts with complex geometry albeit with
high efficiency.

Manuscript recenved and revised February

[nternational R
ISSN 1970 - 8734

eview of Mechanical Eng

Vol. 8, N. 2
March 2014

ineering (LREM.E.).

alysis of Flow Structure

[S-shape  constant ared
angle of turn with an aspect ralio af 2.0,

locity of 40m/s. The velocity distribution
first bend and third bend of the duct and wall-1 to wall-2 in
flow passage of the DS-duct is very instinct
due to non evist
experimental results then were numerically validated

20014, accepted Mard h 24
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Motivn, Wall Pressure,

t Area DS-Duct
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tig pressure and mean velocity

rectangular eurved duct of
The experiment is carried oul at
chaws the Bulk of flow shifting
the second
Flow at end
ence of secondary motion. The

with the help of Fluent, and the comparison

o far DS dhct chows wood quality agreement between the
predicted resulty Copyright © 2014 Praise Warthy Price .55 - Al

R
I rgrisa

K-E Model, Fluent Solver

[n these applications, design of the ducts is based on
{he mathematical formulation of the flow field for the
prescribed condition.

Double S-ducts  are used in aircraft  intakes,
combustors, internal cooling system of gas turbines,
ventilation ducts, wind unnels ete. Heat exchangers in
the form of curved ducts are used widely in food
processing, refrigeration and hydroearbon industries. Gas
turbine engine components such as turbine COMpressors,
nozzle ete. utilise several complex duct configuration.
Performance of duct flow depends upon the geometrical
and dynamical parameters of the duct. So it is very much
essential to design the duct with proper peometry to
improve the performance.

Study of tlow characteristics through constant area
ducts s a fundamental research area of basic fluid
mechanics since the concepts of potential flow and
{rictional losses in conduit flow were gstablished. Duct is
a part and parcel of any fluid-mechanical system, It is a
passageway made of sheet metal or other suitable
material used for conveying air or other gases or liquids
at different pressures. Depending on its application the
shape the duct may be either of straight, curved, annulat,
polar, sector, trapezoidal, rhombic cte. Flow through
curved ducts has practical importance In chemical and
mechanical industries in particular. Obviously, compared
to a steaight duct, flow in a curved duct is more complex
due to curvature of the duct axis. 1t induces centrifugal
forees on the flowing fluid cesulting in the development
of & secondary motion (normal to primary direction of
flow) which is manifested in the form of a par of
counter-rotating  vortices. Depending on the objective,
[uid mechanical systems ofien demands for the design of
(like inlets,

ducts with complex geomelry nozzles,
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A Computational Analysis of Flow Development
Through a Constant Area S-Duct

A. K. Biswas', Prasanta K. Sinha®, A. N. Mullick', B, Majumdar’

Abstract — In the present investigation the distribution of wall static pressure and mean velocity
are experimentally studied on a S-shape constant area rectangudar curved duct of 45°%/45° angle of
turn with an aspect ratio of 2.0. The experiment iy carried out at mass averaged mean velocity of
H0m/s. The velocity distribution shows the bulk flow shifting from outer wall to the inner wall in
the first half and from inner wall to the outer wall in the second half along the flow passage of
sigmotd duct 15 very instinct. Due to the imbalance of centrifugal force and radial pressure
gradient, secondary motions in the form of counter rotating vortices have been generated within
the curved duct. The experimental results then were numerically validated with the help of Fluent,
which Shows d good agreement between the experimental and predicted results. Copyright © 2013
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Keywords: Constant Area S-Duct, Secondary Motion, Wall Pressure, k-c Model, Fluent Solver

Nomenclature
Dn Dean Number
L Centerline length
R, Mean Radius of curvature
R, Reynold's number (U, v)
v Velocity of fluid
U, Inlet Average Velocity
w Inlet Width
b Height of duct
f Body force per unit mass
A Aogle of turn of the curvature
v Kinematic Viscosity
i Dynamic Viscosity
p Mass density of [luid
k Kinetic energy
€ Dissipation rate
PIV  Particle Image Velocity-meter
LDV

Laser Doppler Velocity-meter

1. Introduction

Constant area Sigmoid ducts are used for many
engineering applications like small aircraft intakes,
combustors, internal cooling system of gas turbines,
HVAC ducting system, wind tunnels, heat exchangers in
food processing refrigeration and hydrocarbon industries
ete. In order to improve the performance of a duct it is
absolutely necessary to design the duct with proper
geometry so that the losses due to friction and eddies are
minimized.

Depending upon its application, the shape of the duct

i§ chosen either straight or curved or annular or polar or
sector,

Manuscript received and revised May 2013 accepred June 201)

As a matter of fact the flow through a curved duet is
more complex compared to straight duct due to the
curvature of the centerling, It induces centrifugal forces
on the flowing fluid resulting in the development of a
secondary motion, which is manifested in the form of a
pair of contra-rotating vortices.

Depending  on the  objective,  hydro-mechanical
systems often demand for the design of ducts with
complex geometry albeit with high efficiency. In these
applications, design of the ducts is based on the
mathematical formulation of the flow field for the
prescribed condition.

S-ducts are used in aircraft intakes, combustors,
internal cooling system of gas turbines, veatilation ducts,
wind tunnels ete. Heat exchangers in the form of curved
ducts are used widely in food processing, refrigeration
and  hydrocarbon industries. Gas  turbine  engine
components such as turbine compressors, nozzle elc,
utilise several complex duct configuration, Performance
of duct flow depends upon the geometrical aad
dynamical parameters of the duct. So it is very much
cssential to design the duct with proper geometry 1o
improve the performance.

Study of flow characteristies through constant arca
ducts 15 a fundamental research area of basic fluid
mechanics since the concepts of potential flow and
frictional losses in conduit flow were established. Duct is
a part und parcel of any flwd-mechanical system, It is a
passageway made of sheet metal or other switable
material used for conveying air or other gases or liquids
at different pressures. Depending on its application the
shape the duct may be either of straight, curved, annular,
polar, scctor, trapezoidal, rhombic etc, Flow through
curved ducts has practical importance in chemical and

Copyright K204 3 Praise Worthy Prize Sel < Al rights reserved
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CFED Investigation of Flow through a Constant Area Curved Duct

A K Biswas', Prasanta K. Sinha’, AN, Mullick®, B Majumdar®

Abstract — In the present investigation the distribution of wall static pressure and mean velocity
are experimentally studied on g Coshape constant ared rectangular curved duct of 90° angle of
tern The experiment iy carried oul at pass averaeed mean velocuy of 40mis The veloedy
distribution shows the bulk flow shifting from outer wall (o the ey wall alone the flow passape
of curved duct (s very insunct. Due fo the imbalance of centrifugal force and radial pressure
wradiont. secondary motions in the form of cownter votating vorfces have heen generated within
the cirved duct. The experimental resulls then were memerfeally validated with the help of Fluent,
which shows a good agreement benween the expermental aiid predicted results. Copyright © 2012
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Nomenclature

1 Deun Number
/. " Centerhine length
K, Mean Radius of curvature
R Reynold's number (U/,,0/v)
i Inlet Averape Veloeity
n intet Width .
h Height of duct
afl Angle of turn of the curvature
! Kinematic Viscosity
1. Introduction

Constant arca curved ducls are used for many

engineering applications  like small aircraft intakes,

combustors, mternal cooling system of gas turbines,
HVAC ducting system, wind tunnels, heat exchangers in
food processing refrigeration and hydrocarbon industrics
cte. In order to improve the performance of a duct it is
absolutely necessary to design the duct with proper
geomelry so that the losses due to fnction and cddies are
minimized. Depending upon its application, the shape of
the duct is chogen cither straight or curved or annular oy
polar o1 seetor. As a matler ol fact the Now through a
curved duct is more complex compared to straight duct
due to the curvature of the centerline. It induces
centrifugal forees on the Nowing Nnd resnlting in the
development of o secondary motion, which is manifested
in the form of a pair of contra-rotating vortices
Depending  on the  objective,  hydro-mechanical
systems often demand for the design of duets with
comples geometry albeit with ingh efficiency. In these
apphications, design of the ducts 18
mathematical  formulation of
presenbed condition.
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Coducts are used nowrerafl intakes, combustors,
internal cooling system of gas rbines, ventilabion ducts,
wind tunnels ete Teat exchangers in the form of curved
ducts are used widely in food processing, veftigeration
and  hydrocarbon  industrics.  Gas  turbine  engine
components such as turbine compressors, nozzle ele
utilise several complex duct configuration Performance
of duct flow depends upom  the  geometrical  and
dynamical parameters of the duct. So i1 very much
essentinl to design the duct with proper geometry to
improve the performance,

Study of flow characteristics through constant arca
ducts is o fundamental research area of bagic huid
mechanies since the concepts of potential flow and
frictional fosses in conduit flow were established. Duct is
a part and parcel of any fuid-mechanical systeni. It is 4
passageway made of sheet metal or other suitahle
material used for conveying air or other gases or liquids
al different pressures

Depending on its applicaton the shape the duet may
be cither of straight, curved, annular, polar, scetor,
trapezoidal, thombic ete. Flow through curved ducts has
practical umportance  in chemical  and
industries in particular,

Obviously, compared to a straght duct, ow g
curved duct 1s more complex due o curvature of the duct
axis. 1onduces centrifugal forces on the flowing Nuid
resulting in the development of a sccondary motion
(norma! 1o primary  dicection  of  flow) which
manifested i the form of a pair ol counter rotating
vortices

mechanical

Depending on the objective, flund mechanical systen
ofen demands for the design of ducts with comples
geometry (like inlets, nozzles, diffusers, contractions
clbows ete) albeit with high efficiency. In
applications, design of the ducts 15

thes:
based on th
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rlow Investigation through an Annular Diffuser in
Suk :onic Flow Regime

P K Sinha,
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lick, Member
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Annular diffusers are an integral component of the gas turbine engines of high-speed aircraft. These facilitate
effective operation of the combustor by reducing the total pressure loss. The paiformance characteristios of
these diffusers depend on their geometry and the inlet conditions. In the presentinvesligation, the distribution
of radial velocity, transverse velocity, mean velocily, static presaure and total pressure are experimenlally
sludied on an annufar curved diffuser of 30° anale of i with an aren ratinnf 1 44 and cantrolinn Ienalhiuap
chosen as three times of infet diameter The measurements of radial velocity, transverse veiocf‘u; mean
velocity, static pressure and total pressure distribution, were taken at Reynolds number of 1.9 « 10° base
on inlet diameter and average infet velocily 38 ni/s, The mean velocity and Y and Z components of mean
velocities were measured with the help of pre-calibrated five-hole pressure probe. Resulls show that the mean
velocity distribution is symmetrical and uniform at the inlet section and there after high velocity cores are
accumulated at the hub wall. This may be dus to formation of vortices belween these zones. The transverse
velocity distribution shows the devefop}nenr of secondary moltion in the form of contra-rotaling vortices. At the
plane belween outward casing wall and top inward casing wall and hub wall certain rolls of contra-rotating
vortices are observed. The mass average static pressure recovery wilhin the curved diffuser is continuous
from Section A to Seclion C. Performance parameter like coeflicient of mass averags static pressure recovery
and coefficient of mass average total bressure loss are found o ba 23% and 17%, respeclively.

Keywords : Annular curved diffuser Subsoriic flow; Contra-rotaling vorlices

w0 opilch angle
A, arearatio f : Yawangle
A, ' aspectratio Pair - densily of air
cc | concave orinward wall Py density of manometric liquid
Cpry © coefficient of pressure recovery ¢ © coefficient of pressure loss
oV ! convexoroutward wall Ap . angle of lurm of the centreline
D inletdiameler of the diffuser Subscripts
L . centreline lehgth of the diffuser av . average
P . pressure sensed by five hole probe ] ©oexit
Re  Reynolds number i . Ah data point in a given seclion
Ut velocity of air S slatic
P K Sinha is with the Durgapur Institute of Adyanced Technology I Tl
Tl Srd i 0 Cagarimnt o achan e by %02 ¢ dSCloNS 801 10 30 Cartosin
o bower Entncm o oelmdar o wilh o Dottt 701 TioN

This paper was presented and discussed at tha Twenly-second Nalional
Convention of Aercspace Engineers held al Ranchi during Hovember
27-29, 2008
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Diffusers are used in many engineering syslems to decelerate
the flow and to convert the dynamic pressure into static
pressure. The annular curved diffuser is an essential
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An Experimental Investigation on the Airflow in Twin Submerged Side Tntake at
Subsonic Speeds

AN Mullick ™", § Chakravorty * & B Majumdar ¢

National Institute of Technology, Durgapm- Applied Mech. Dept. India, 713209
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The intake of an air vehicle is an important component, which affeets not only the propulsion but also the acrodynamic
characteristics of the vehicle. Single engine fighter aircrafts embedded in the fuseluge typlully have Y-shaped popularly
known as twin intake ducts, which symmetrical about their central plane. In the present! pnptr an experimental study was
made of an incompressible subsonic flow through a model twin intake duct of rectangular cross-sectional area of A, = 2.0 and
A; = L3 The operating R, based on the inlet hydraulic mean depth and mass averaged mean velacily is maintained at 3,17 x
10°, The geomelry of the model twin intake is taken as two S- -shaped diffusing pussages of Al = 30%/30” with N = 300 mm of
¢ach. The two limbs of the twin intake duct merged at a section beyond which the duct has'single arm symmetric about the
vertical plane. The present work focuses on the performance and understanding of the flow 'characteristics of ¥ -shaped twin
intake. A pre-calibrated MHP using function estimation tool like Wavelet Network method is used to measure various flow
paramelers along the axis of the duct. The distribution of longitudinal velocity, transverse velocity, static pressure and Intal
pressure in the form of contours are drawn for analysis. The results show that the low is uniform at the exit of the twin
infike. 1t has also been observed that the wall pressure recuveries along the interior walls are less compared to the exterior
walls, which is mainly due to the combined effect of the centrifugal farce and generation of secondary motion. The overall
mean coellicient of pressure recovery ol both the limbs of the twin intake has been observed as about 41%

" ywords: Twin intake duct; Multi hole probe; Merger plane; Artificial Neural Metwork; Waselet Network.

Nomenclature & Symbols N Centerline length

R, Mean radios of curvature
2 Width of the twin intake IR, Reynolds Number [Udy/u)
A, Arearatio st.  Measuring station
Ay Aspect ratio MHP Multi hole probe
b Depth of the twin-intake u Velocity of fluid
i CoefTicient of total pressure loss u, v, wComponent of velocity along x, v and z
G Coefficient of static pressure recovery directions
C\ieo, Ideal coefficient of static pressure recovery b Kinematic viscosity
dy, Hydraulic mean depth [2ab/(a+b)] p Density
ew  Fxterior wall B Curvature ratio [B=R /dy]
iw  Interior wall AP Angle ol tur
M, Mach Number Ey Diffuser elfectivencss

" Amarnath Mulllck amnullu.kf’vgmail.com-‘*
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Numerical Prediction of Flow Behavior of Coal
Water and Copper Ore Water Slurries

Rahul Mishra, K. C. Ghanta, A. N. Mullick, S. .. Sinha

Abstract—Many researchers are working in the field of sty
How regarding the rheological parameters of multi-size particulate
flow. It is imperative part of pipeline industry; moreover, one can say
that pipeline industry has some reliance on multi-size particulate
How. Analyzers have carried out modeling of the erosion of pipes and
bends. Computational fluid dynamics (CFD) has heen used
extensively for particulate slurry erosion divination in pipes and
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empirical models. The review of literature in this field has been
carried out to understand the extent of work that has been reached
and the scope available to work in this field. The present paper
introduces a simplified 3-D algebraic slip mixture (ASM) model
along with RNG k-g turbulent model to obtain the numerical solution
in coal-water and copper ore-water slurry flow. The pressure drop,
viscosity, density, volume fraction, Reynolds number, and Euler
number have been compared with the experimental work available in
the literature. The solutions have been found to be in good agreement
with the experimental dala.

Keywords—Rheological parameters, Pressure drop, Volume

fraction, Particle size distribution, Reynolds Number. Euler's
Number.
NOMENCLATURE

Symbol

G Coefficient of variance

d Particle diameter (micron/mm)

D Pipe diameter (m)

L Friction factor for solid liquid mixture

g Acceleration due to gravity (cm/sec?)

i,:f'm Ko Constants

L Length of test section (m)

AP Pressure drop due to flow of solid liquid mixture (bar)

R Pipe radius (cm/m)

Re Mixture Reynolds Number

5 Specific gravily

S Modulus of the mean rate of strain tensor time (Sec.)

Vi Mean fluid velocity

Vo Mean suspension velocity

Xy Volume fraction of solids

Rahul Mishra is with the Department of Mechanical Engineering, Shri
Shankaracharya  Engineering  College-490020,  Bhilai, € G, India
(corresponding  author,  phone.  (0788)-2279336,  +91-9826175806,
OR2T448803, e-mail: mishrarahul87@gmail com).

K. C Ghanta is with the Department of Chemical [ngineering, National
Institute of Technology Durgapur-713209, W B, India

A N Mullick is with the Department of Mechanical Engineering, National
Institute of Technology Durgapur-713209, W. B, India

$ L Sinha is with the Depanment of Mechanical Engineering, National
Institute of Technology Raipur-92010, C.G | [ndia

I Body force (N/m?)
U, Mass averaged velocity (em/sec),
(ireek Letters

a, 3, v.6  Constants

6 Deflection (degree)

M Viscosity of liquid (CP)

. Viscosity ol suspension (CF)

P Density of mixture (kg/m’)

P Density of liquid (kg/m”)

Ps Density ol solid :kgr'm‘)

£ Dissipation rate of turbulent kinetic energy (em/sec?)

[. INTRODUCTION

ANY gargantuan pipelines were built around the world

A for the flow of slurry. As compared to rail and road
transport, pipeline transport had been considered more
economical and eco-friendly. To delineate the pipelines and its
associated facilities (pumps, etc.), designers need meticulous
information regarding pressure drop, erosion zone, etc. at the
early design phase. Also, the delineating engineers need to
know meticulously the critical velocity so that the multi-size
particulate slurry flow inside the pipeline can be attuned in
order to have minimum pressure drop. The research had been
performed in order to predict what has been done for flow of
slurry through pipelines so that the pressure drop can be
reduced, and how the erosion gets reduced. The present work
can be considered as a step forward for better understanding of
pressure drop and erosion prediction in slurry pipelines.
Attempts have been made to know what has been done in the
said field and what all are the findings so far; so that
researcher could get the way in which advancement can be
carried out. The rheological study of coal water and copper ore
water slurry was done and it has been observed that the
behavior of copper ore water slurry was more complex as
compared to coal water slurry because of the coarse shape of
copper ores. Fluid velocity and fluid viscosity are the main
factors causing resistance to fluid flow. As the flow velocity or
fluid viscosity increases, the pressure drop across the section
also increases and vice versa, The pipeline flow may consist of
wide particle size distribution which seriatim creates lots of
complexities because large particle reduces the viscosity if'it is
having uniform shape, but if the shape is not uniform, the
viscosity increases, which further increases the pressure drop;
also, if volume fraction increases, the eddies and friction will
increase, which then increases the pressure drop and due to
friction, the erosion is also increased. These two phenomena
go abreast that is why the present area of research is taken
though lots of research had been going on this field but still
there is a lot of scope for improvement. The present study
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Numerical Prediction on Two Phase Flow

through an 180" pipe bend

B B Nayak, D Chatterjee and A N Mullick

Abstract— A three dimensional numerical study of flow
characterized of fly ash-water slurry in a horizontal 180" pipe
bend having radins ratio of 5.6 is described in this paper. The
flow constitutes the fly ash particles of size 13 pm in water at
velocities ranging between 1.0-5.0 m/s and particle concentrations
Canging biinon 10-00%0 )y vulwiiid fue cadis roleaily of Due, e
numerical simulation is carried out by deploying the Eulerian
Multiphase Model of CFD code in ANSYS Fluent code. The
results illustrate that the overall pressure drop is 62% in the pipe
hend at all particle velocities and concentrations. The velocity
and concentration distributions at various positions (07, 90" and
1807) of the bend were illustrated.

Keywords—U-bend, two phase flow, numerical simulation.
Eulerian Multiphase approach

. Introduction

The 180°pipe bends are integral part of the piping system used
for transportation and in heat exchangers in almost all
[ndustrial applications. For all high Reynolds Number flow a
secondary flow originates in the bend portion due to the
imbalance in centrifugal force in the curvature of bend and
which in tumm leads to the excess pressure loss across the
curved portion of the pipes. In the present work, pressure drop
is predicted in a horizontal 180" pipe bends for the flow of
water-fly ash slurry. Azzola et al. [1] used the Laser Doppler
Velocimetry technique to measure the longitudinal and
circumferential velocity components for developing turbulent
flow in 180" pipe bend. They observed the reversal of
secondary flow in circumferential velocity profile and it is
independent of Reynolds Number. Jayanti et. al. [2] studied
the numerical simulation of gas particle motion in 907 and
1807 circular cross section pipe bends and concluded that the
secondary flow induced in the gas phase due to the curvature
effect. Clarke and Finn [3] did the numerical simulation of
laminar flow of potassium formate through heat exchanger U-
bends and observed an enhancement of heat transter at
downstream of the bend. Al-Yaari and Abu-Sharkh [4]
numerically simulated oil-water two-phase flow in 180" bends
using Eulerian-Eulerian approach and observed as the bend to
pipe radius ratio increases, the tendency of separation of oil
water system decreases. Muzumder [5] performed CFD
simulation of dilute gas-solid flow through a U-Bend to study
the dynamic behavior of the entrained solid particles in the

B B Nayak and A N Mullick
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flow and observed that the liquid and the gas flow rates,
gravity and centrifugal forees have a strong effect on the ow
behavior. Pietrzak and Witczak [6] performed experimental
research on multiphase flow in 180" U-bends using three
flowing media, namely, air, water and oil obtained the flow
pattern and pressure drop correlations for horizontal, upward
and downward flows. . Daneshfaraz [7] study numerically the
velocity profile and pressure distribution on 3-D bends with
different diversion angles of 90° 135", 180" and Reynolds
number range of 100 to 1900 using CFD. He concluded that
by increasing the section angle, the velocity profile and the
pressure distribution incline to the outer wall and maximum
deviation from inlet velocity profile occurs at 45° section
angle. The maximum velocity oceurs at 0.7 to 0.9 of the pipe
diameter from linear wall and the maximum pressure loss
occurs at angle between 22.5° and 45° with increasing
Reynolds Number. Cvetkovski et al [8] carried out numerical
simulation of flow in U-bend pipes used in ground source and
surface heat pumps for heating and cooling purposes and
observed that at low turbulence, the Dean Number has a
significant effect on the heat transfer in the curved section
They also concluded that the heat transfer at the curved section
has of the pipe has more significant effect on Dean Number
than the Reynolds Number

So far, the study of flow behavior of two-phase fly ash-water
slurry flow in 180° bends at high concentrations is limited.
The present study is a numerical prediction of flow
characteristics of the two-phase flow in an 80" horizontal
pipe bend using fly ash of particles diameter 13 pum suspended
in water at high velocities and concentrations factor ranging
from 10 to 50%.

n. Physical problem

The horizontal 180" bend pipe of length about L = llm
with an inner diameter of D = 0.053 m having radius ratios
(R/r) of 5.6 is chosen as the slurry transportation device as
shown in Figure 1.

4 Governing Equation

Continuity equations for the solid and liquid phases

—

V(a,py)=0 V(apv,)=0

Momentum equations for the solid and liquid phases
Vo (eop Ot ) =-a, VP — VP, + VT, +a.ps G
+ Kp (B = Bo) + Cometepy (V. V0 — 0. V1,
+ Cotepp( s — T (Vi)
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ABSTRACT

In this paper, heat transfer and pressure drop phenomena are studied for. a two phase flow of water- fly ash slurry in
a horizontal pipe using the computational fluid dynamics technique (CFD). The presence of solid particles in the
slurry may enhance or suppress the rate of heat transfer and turbulence depending on their size and concentration.
The simulation is carried out by deploying the Eulerian multi phase modeling capability of the finite volume based
commercial CFD solver ANSYS FLUENT. The turbulence is handled by the RNG k-e model. Spherical fly ash
particles, with mass median diameters of 13 pym for an average flow velocity ranging from 1-5 m/s and particle
concentrations within 0-40% by volume for each velocity, are considered as the dispersed phase. The wall is kept at
an isothermal condition of 400 K whereas the slurry enters the pipeline at a temperature of 300 K. The results
illustrate that higher particle concentration in the flow causes an increase in the heat transfer and pressure drop.
Moreover, both heat transfer and pressure drop are seen to show a positive dependence on the mean velocity of the
fow.

Kevwords: Liquid-solid slurry flow, Heat transfer, Numerical simulation, Evlerian model
1. Introduction and Literature Review

Heat transfer involving in the design of many industrial engineering equipment such as heat exchangers, fluidized
beds, driers and slurry pipeline reactors can be accomplished through fluid like water. Various techniques have been
employed to improve heat transfer rate of the fluid by which one can reduce the size of the equipment and thereby
the efficiency. One of the heat transfer enhancement techniques is the addition of micro-sized solid particles to the
heat transfer fluid. The solid particles migrate and disturb the boundary layer of the fluid creating high thermal
conductivity in that layer resulting in the heat transfer enhancement. The enhancement of the heat transfer between
the pipe wall and the slurry flow in horizontal pipes depends on the volume fraction distribution and size of the solid
particles throughout the fluid. In this paper the heat transfer of the slurry which is the mixture of liquid and solid 15
studied computationally and presented in terms of the flow patter and temperature profile in the fluid.

Harada et al. [1] experimentally investigated heat transfer from wall to water suspensions of glass beads (particle
diameter, d = 0.06 to 1 mm) or ion exchange resin (¢ = 0.8 mm) flowing through horizontal pipes (pipe diameter, D
= 14mm, 19mm, 25mm) with Reynolds numbers in the range 3000 to 50000 and volume fraction of solid 0 to 0.1.
They concluded that for particle sizes larger than 0.35 mm in diameter, the heat transfer cocfficient was always 10-
30 % larger than water flow without particulates. Rozenblit et al. [2] experimentally studied the heat transfer
associated with solid-water mixture (plastic acetal particles of diameter 3 mm suspended in clear water) in a
horizontal pipe of length 10 m at different solid concenlrations of 6%, 9%, 12% and 15% for the Reynolds number
range of 19000 to 55000 using an electro-resistance sensor and infrared imaging. They observed that heat transfer
coefficient increases with particle volume concentration and depends on the distribution of the solid phase along the
pipe cross-section. Ku et al. [3] experimentally investigated the heat transfer coelficients of liquid-solid mixtures
using a double pipe heat exchanger with suspension flows in the inner pipe. Experiments were carried out using
spherical fly ash particles of diameter in the range of 4 to 78 pm, volume concentration of solids from 0 to 50% and
Reynolds number in the range of 4000 to 11000 Heat transfer was found to increase with decreasing particle
diameter and increasing volume concentration. Ling et al [4] numerically investigated the sand-water slurry flows in
a horizontally straight pipeline of length of 1.4 m, inner diameter 0.0221 m, solid volume fraction range of 10 to
20%, mean velocity range of | to 3 m/s, mean particle diameter of 1.1 « 10™ m using two different sands of silica
and zirconia of densities 2380 and 4223 kg#m" respectively in a fully developed turbulent flow region. Verma et al.
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ABSTRACT
Tue fuw ol mwitey wel e widish is igidy infiuenced Dy e (EMperaiure AisTnuion and
separation of non-metallic inclusions, which ultimately leads to the improvisation of steel cleanliness
and smooth casting operation. To study the fluid flow phenomena in continuous casting machines
through trial processes is very difficult due to high temperature and complicated system. Morcover the
measurements of the flow pmpel:‘ties are also difficult and expensive. CFD (Computational Fluid
Dynamics) is one of the toa]s,i which may predict results of flow patterns, heat transfer and
temperature distribution of molten metal after proper simulation and validatien. In Continuous casting
process tundish acts as a constant supply reservoir of molten metal, Design of the tundish usually
involves combination of dam and weir as flow modifier. In the present work, three-dimensional CFD
analysis of a slab tundish is carried out to study the effect of dam and combination of dam and weir by
using commercial CFD software FLUENT, by using unsteady, segregated k-¢ turbulent model with
turbulent intensity 4% and turbulent length scale as 0.0005 m. The simulation is carried out with
second order implicit upwind method at 1823K and velocity of the molten metal is considered as |
m/s. The shroud bottom is considered as the inlet of the model. The tundish geometry is modelled
exactly same as plant operating tundish in Alloy Steels Plant, Durgapur. The results are compared
with the observations obtained by Singh et. al ! keeping the parameters same as they adopted in their
studies. It has been observed thati both the results have a good agreement in qualitatively as well as
quantitatively.

KEYWORDS: Computational Fluid Dynamics, Continuous Casting Tundish, Fluid Flow, Heat
Transfer.

INTRODUCTION

The concept of continuous casting is of current interest because of its potential to obtain high
yield, low cost, quality steel with compact design. Flow and temperature distributions of
molten metal in a single strand slab tundish with dam, combination of dam and weir and bare
lundish have been predicted from basic principles by solving the three-dimensional
conservation equations of mass, momentum and energy. [n order to obtain clean steel in the
mould and to prevent premature stoppage of casting due to clogging and breakout, it is
important to study the distribution of molten metal flow and heat transfer through the tundish.
Using of flow modifier in the tundish is important for prevention of flow short circuiting and
thus increases residence time of the molten metal before entering to the mould. Also it
enhances mixing of the molten metal which is required for uniform temperature distribution
and inclusion flotation due to buoyancy effect "'?!. The flow induced by flow control devices
enhances cross-stream mixing of the molten metal in the tundish which reduces the dead zone

()
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ABSTRACT

In the present paper an extensive study of rectangular cross-sectioned C-duct and C-diffuser is made
by the help of 2-D mean velocity contours. Study of flow characteristics through constant area duct 1s a
fundamental research area of basic fluid mechanics since the concepts of potential flow and frictional losses in
conduit flow were established. C-ducts are used in aircrafl intakes, combustors, internal cooling systems of
gas turbines, ventilation ducts, wind tunnels ete., while diffuser is mechanical device usually made in the form
of a gradual conical expander intended to raise the static pressure of the tluid flowing through it. Flow through
curved ducts is more complex compared to straight duct due to the curvature of the duct axis and centritugal
forces are induced on the flowing fluid resulting in the development of secondary motion (normal to the
primary flow direction) which is m%mifusted in the form of a pair of contra-rotating vortices. For a diffuser in
addition to the secondary flow, the diverging flow passage, which causes an adverse stream wise pressure
gradient, can lead to flow separation. The combined effect may result n non uniformity of total pressure and
total pressure loss at the exit. i

|
A comparative study of different turbulent models available in the Fluent using y+ as guidance in
selecting the appropriate grid conﬁguration and turbulence models are done. Standard k-e model and RSM
models are used to solve the closure problem for both the constant area duct and the diffuser. It has been

observed that the Standard k-g model predicts the flow through the constant area duct and the diffuser within a
reasonable domain of the y+ range. |

1 INTRODUCTION

Diffuser is a mechanical device usually made in the form of a gradual conical expander intended to
raise the static pressure of the fluid flowing through it. Specific use of a diffuser with a proper area ratio
should also ensure an adequate amount of uniform flow at the outlet together with a considerable static
pressure. Diffusers play an important role in many engineering and industrial applications to accomplish the
objectives under geometric constraints, In aircraft gas turbines, high velocity air from the wing or fuselage
first flows through a diffusing imai(q where it is decelerated for increasing the pressure, and then fed to the
engine compressor. In the design ol:ul ventilation and air conditioning systems, diffusers are commonly used for
discharging the conditioned air into the space to be cooled in order to reduce the air velocity and increase the
static pressure. In these applications, on one hand there is restriction on space as well as design compatibility
to match with the shortest possible duct length, while on the other hand, given cross-sectional shapes at inlet
and outlet of the duct has to be satisfied; this compelled to the use of curved diffusers. C-ducts are used in
aircraft intakes, combustors, internal cooling system of gas turbines, ventilation ducts, wind tunnels etc. Heat
exchangers in the form of curved ducts are used widely in food processing, refrigeration and hydrocarbon
industries. Gas turbine engine components such as turbine compressors, nozzle etc. utilise several complex
duct configuration. Performance of duct flow depends upon the geometrical and dynamical parameters of the
duct. So it is very much essential to design the duct with proper geometry to improve the performance.

Study of flow characteristics through constant area ducts is a fundamental research area of basic fluid
mechanics since the concepts of potential flow and frictional losses in conduit flow were established. Duct is a
part and parcel of any fluid-mechanical system. It is a passageway made of sheet metal or other suitable
material used for conveying air or other gases or liquids at different pressures. Depending on its application
the shape the duct may be either of straight, curved, annular, polar, sector, trapezoidal, rhombic ete. Flow
through curved ducts has practical importance in chemical and mechanical industries in particular. Obviously,
compared to a straight duct, flow in a curved duct is more complex due to curvature of the duct axis. It
induces centrifugal forces on the flowing fluid resulting in the development of a secondary motion (normal to
primary direction of flow) which is manifested in the form of a pair of counter-rotating vortices. Depending
on the objective, fluid mechanical systems often demands for the design of ducts with complex geometry (like
inlets, nozzles, diffusers, contractions, elbows etc) albeit with high efficiency. In these applications, design of
the ducts is based on the mathematical formulation of the flow field for the prescribed condition.
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Abstract. This paper presents the results of an experimental work ‘with measurement of mean velocity
contours in 2-D form and validation of the same with numerical results based on the y™ approach at fully
developed flow for various turbulent nodels like, k-£ model, k-o model, RNG k-& model and Reynolds Stress
Model (RSM), are used to solve the problém. All the turbulence models are studied in the commercial CFD
code of Fluent, The experiment is cafried out at mass averaged mean velocity of 40m/s and the geometry of
the duct is chosen as rectangular cross-section of 45%/45° curved constant area S-duct. In the present paper the
computational results obtained FromT the different turbulence models are compared with the experimental
results. In addition to this for vaHdali;on of the numerical simulation near wall treatments for fully developed
flow or log-law region are also investigated for wall 30<y*<300 in the region where turbulent shear dominates.
It is concluded from the present study|that the mesh resolving the fully wrbulent region is sufficiently accurate
in terms of qualitative features. Here RSM turbulence model predicts the best results while comparing with the

experimental results. RSM model a!sci prcd:cls the flow properties more consistently because it accounts for
grid independence test, |

Keywords: Constant area S-duct, h}rbulencc Models, wall function, Fluent Solver

1. Introduction i

Constant area curved ducts are Lised for many engineering applications like small aircraft intakes,
combustors, internal cooling system of g l,as turbines, HVAC ducting system, wind tunnels, heat exchangers in
food processing refrigeration and hydralcarhcm industries etc. In order to improve the performance of a duct it
is absolutely necessary to design the dudt with proper geometry so that the losses due to friction and eddies are
minimized. Depending upon its applicatjon, the shape of the duct is chosen either straight or curved or annular
or polar or sector. As a matter of fact the flow through a curved duct is more complex compared to straight
duct due to the curvature of the centerline. It induces centrifugal forces on the flowing fluid resulting in the
development of a secondary motion, which is manifested in the form of a pair of contra-rotating vartices.
Depending on the objective, hydro-mechanical systems often demand for the design of ducts with complex
geometry albeit with high efficiency. In these applications, design of the ducts is based on the mathematical
formulation of the flow field for the prescribed condition.

Rowe [1] carried out experiments'on circular 90° and 180° turn curved ducts with R.=0.4x10° and
reported the generation of contra-rotating vortices within the bends. Bansod & Bradshaw [2] studied the flow
characteristics within the 22.5°/22.5° S-shaped constant area ducts of different lengths and radii of curvature,

* Corresponding author. Tel.: + 919830385342
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Abstract. Curved diffusers are mainly used in both open cycle and closed cycle gas turbines. It also
uses as air intake of single engine aircraft. The present paper presents the result of an experimental work
of mean velocity contours in 2-D form and also the validation of the experimental result with numerical
simulations of different turbulence models based on the wall y+ approach. Different turbulence models
available in Fluent code are used to solve the closure problem. Wall y+ values are considered as a
guiding parameter to select the appmbriatc grid configuration and turbulence model. The geometry of the
diffuser is chosen as rectangular crods section with an area ratio of 2.0. The experiment is carried out at
Re=1.56x105 based on the mass averaged velocity and hydraulic mean depth of the inlet section. In
numerical analysis wall y+ value in the laminar sub-layer near the solid wall and at the fully developed
layer are evaluated and checked for the values. Based on these criteria it may be concluded that the mesh
resolved in the fully turbulent rcginrﬁ are sufficiently accurate in terms of the qualitative features of the
mesh independency test. On examining the contours at the exit section of all the turbulence models it has

been observed that the RSM model p?’edicis the best result as it has got a good qualitative matching with

the experimental result. '|

1. Introduction

Diffuser is a mechanical device uslually made in the form of a gradual conical expander intended to
convert the dynamic pressure into static jpressure of the fluid flowing through it. Diffusers are made in
different shapes namely axial, radial, a#d curved to conform to the constraints imposed by the aspects of
design. Subsonic curved diffusers, as air intakes, find wide applications in the field of aircraft design
especially in military aircrafts in which the engine is frequently carried in the fuselage and the intake is
located in an offset poison. The perfm:mance of such diffusers, not only in terms of the total pressure
delivered but also, and more significantly, in terms of the quality (uniformity, velocity and direction) of
flow at the engine face affects the response of the engine. Flow development in S-shaped diffusers is
complicated and is influenced by differént geometrical parameters like area ratio (AR), aspect ratio (AS),
total divergence angle (20), angle of turn of the centre line (AB), inflexion in the curvature, and
dynamical parameters like inlet Mach number (Ma), inlet turbulence and specifically the angle of attack
when mounted on a combat air craft.

In a curved diffuser, due to the presence of centerline curvature, fluid near the flow axis is acted upon
by a larger centrifugal force than the fluid near the walls. This centrifugal pressure difference (transverse
pressure gradient) forces the faster moving fluid to move outwards pushing the fluid in the boundary
layer at the outer wall around the sides towards the inner wall; thus a significant secondary flow (normal
to the primary flow direction) is produced.

* Corresponding author. Tel.: + 919830385342
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Abstract, Curved annular diffusers jare an integral component of the gas turbine engines of high-speed
aircraft. These facilitale effective qptraiiqn of the combustor by reducing the total pressure loss. The

A performances of these diffusers depend on their geometry and the inlet conditions. In the present
investigation the distribution of mean Velocity, static pressure and total pressure are experimentally studied
on an annular curved diffuser of 30° angle of turn with an area ratio of 1 356. The experimental results then
numerically validated with the help of Fluent and then a series of parametric investigations are conducted
with same centre line length and inlet diameter but with different area ratios varying from 1.2 to 3.50.

The measurements were taken at Reynolds number 2.45 x 105 based on inlet diameter and mass average inlet
velocity, Predicted results of coefficlent of mass averaged static pressure recavery and coefficient of mass
averaged total pressure loss are in good agreement with the experimental results. Standard k-e model in
Fluent solver was chosen for va[idaﬂin. From the parametric investigation it is observed that for the increase
in area ratio from1.15 10 2,15, static cI:u-t:ssmrc recovery increases sharply and afier this the pressure recovery
increases slowly up to 2.8 and beyond the area ratio 2.8 the pressure recovery decreases steadily.

Keywords: Annular curved diffusc!:, k-e model, Fluent solver, Five-hole probe.

1. Introduction

Diffusers are used in many engineering application to decelerate the flow or to convert the dynamic
pressure into static pressure. Depcndijg on application, they have been designed in many different shapes
and sizes, The annular curved diffuser is one of such design and is an essential component in many fluid
handling systems. Annular diffusers are an integral component of the pas turbine engines of high-speed
aircraft. It facilitates effective operation of the combustor by reducing the total pressure loss. The
performance characteristics of these diffusers depend on their geometry and the inlet conditions. Part turn or
curved diffusers are used in wind tunnels, compressor crossover, air conditioning and ventilation ducting
systems, plumes, draft tubes, etc. The objective of the present study is to investigate the flow characteristics
within a circular cross sectioned annular curved diffuser. The performance of an annular curved diffuser is
characterizes by static pressure recovery and total pressure loss coefficient,
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ABSTRACT

The present paper represents the results of an experimental work with measurement of mass averaged mean velocity
contours in 2-D form and validation of the numerical results with the experimental one by using a commercial CFD code
Fluent. Mean velocities were measured at the different sections of a C-shaped diffuser of rectangular cross- section with
inlet aspect ratio and area ratio of 2.0. The measured data is then processed through a computer programme to obtain
the values of mean velacities and its components. The experimeiit was carried out at 40m/s air velocity and the

experiment was carried out in an open jet blow down type wind tunnel. The test diffuser was fabricated from ransparent
Perspex sheetof Smum thick. The cross-sectional area was increased by linearly varying the width from 0.05m at inlet to
0.1m at the exit, over the total centre h';J_e length of 0.6m, while the height was kept constant ar 0.Im. The width was
equally distributed normal to the centerline. For mean velocity measurements, the diffusers together with the inlet and
outlet pieces were divided in six secn'ansl, rlameb!. Inlet Section, Section - A, Section - B, Section - C, Section - D, and
Outlet Sections. The experimental result depicts the probable generation of secondary motion, which is an effi cacy of the
centrifugal effect due to centerline curvatiire and the subsequently developed favorable transverse pressure gradient and
shifting of the bulk flow towards the outer wall was observed.

The experimental results were then considered as benchmark for the validation of numerical results for different
turbulence models. A comparative study of different turbulent models available in the Fluent using y+ as guidance in
selecting the appropriate grid configuration and turbulence models are done. Standard k-e model, RNG k-¢ model and
RSM models are used to solve the closure problem. It has been observed that considering the near wall treatment and
meshrefinement and adaptation process the mesh resolving the fully turbulent region is sufficiently aceurate in terms of

qualitative features and out of the three models mentioned earlier, RSM mode! predicts the best results while comparing
with the experimental results.

Keynords— Curved Diffuser, Computational Fluid Dynamics, k- Turbulence Model, RNG k-e Turbulence Model
1. INTRODUCTION

Diffuser is a mechanical device usuzlly made in the form of a gradual conical expander intended to convert the
dynamic pressure into static pressure of the fluid flowing through it. Specific use of a diffuser with a proper area
mtio should also ensure an adequate amount of uniform flow at the outlet together with a considerable static
pressure. Diffusers play an important role in many engineering and industrial applications to accomplish the
objectives under geometric constraints. In aircraft gas turbines, high velocity air from the wing or fuselage first flows
through a diffusing intake where it is decelerated for increasing the pressure, and then fed to the engine compressor.
In the design of ventilation and air conditioning systems, diffusers are commonly used for discharging the
conditioned air into the space in order to reduce the air velocity and increase the static pressure. Depending upon
applications, part bend or 90° curved (C-shaped) diffusers can sometimes be found in some closed-circuit wind
tunnel, ducting systems, draft tubes, etc. whereas S-shaped diffusers find applications as intake ducts in combat
sircraf} engine intakes and as interconnecting ducts between components of gas turbine engines when a shift of axis
between the intake and the engine exists. Flow development in the curved diffusers is a complicate process
influenced by different geometrical parumeters like 26, AB, AR, AS, centerline shape etc. as well as the dynamical
parameters like inlet Mach number, inlet turbulence etc. In & curved diffuser, due to the presence of centerline
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Abstract. The study of flow development in curved ducts has been cartied out since the last ce
interest because of its numerous applications in
ventilators, gas turbines, aircraft intakes, gas turbi

ntury. Itis of fandamental
fluid engineering, such as flow through pipeline, in heat exchangers,
nes and centrifugal pumps. The flow development through this type of
curved ducts depends on its geometrical and dynamical parameters. In the present paper an approach has been made for
dealing with turbulent flows within a curved duct with a rectangular cross-section and the result obtained from the
cxperimental work has been compared and validated through numerical simulation by using Fluent CFD codes. The
experiment is carried out at mass average vtloci!yfhascd on the inlet cross section as 40m’s. In the present study using the
wall y" as guidance in selecting the appropriate grd configuration and corresponding turbulence models are investigated,
The standard k-g, standard k-, Reynolds Stress Model (RSM) and Spalait-Almaras (SA) turbulence models are used to
solve the closure problem. Their behaviours together with the accompanying near-wall treatments are investigated for
wall y* value less than $ covering the viscous siib layer and y” value ranging $ to 30 in the buffer region. Notably.
adopting a wall y™ in the log-law region, where \* value is greater than 30, has also been taken carc during the study.
After various trials the optimum results were obtained for the K- model with a mesh count of 0.54 millions. In this, the
value of y* was almost within the required range, 1.e. S<y"<30. Thus, it was the best mesh that is obtained by wall v+
approach and it has been observed that the K-o model is also best turbulent model among the four turbulent models
mentioned earlier, for predicting the flow through this type of geometry.In the second part of the study an attempt has
been made to find out the best model by comparing the computational and experimental results. The mean velocity, static

pressure, total pressure and velacity vector distributions at different sections for the 3 models K-g, K-, SA and RSM
have been presented in the form of contours and in vector plots

Keywords: Computational Fluid Dynamics, Spalarl-Almaras Turbulence Models, K-& Tuwrbulence Model, k-t
Tuwbulence Model, Reynolds Stress Madel .

PACS: 47.11.+j

NOMENCLATURE

H Hydraulic Mean Depth
k

.. Reyy  Reynolds Number (=Hug'vy,)
Turbulent kinetic energy (m” 5%

u Instantaneous Velocity (ms )
X Horizontal Distance along stream wise direction {m) y Vertical Distance normal to wall direction (m)
z Distance parallel to the span wise direction () © Specific dissipation rata
[ Dissipation rate v+ Dimensionless distance to the wall
Var Kinematic viscosity of air (m” s
INTRODUCTION

- Constant area ducts have many applications in engineering, These are used in sm
intemal cooling of gas turbines, HAVC ducting system, wind tunnels,
refrigeration and hydrocarbon industries ete, Performance of a curved constan

all aircrafts, combustors,
heat exchangers in food processing
tarea duct depends on the geometrical
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Abstract. In the present investigation the distribution of mean velocity, static pressure and total pressure are
experimentally studied on an annular curved diffuser of 30° angle of tum with an arca ratio of 1.28. The centerline
length is taken as three times of inlet diameter, The experimental results are then numerically validated with the help
of Fluent and then a series of parametric investigations arc conducted with same centre line length and inlet diameter
but with varying area ratios ranging from 1.15 to 3.75. All the measurements are taken at Reynolds number 2.15 x
10" based on the inlet diameter and mass average inlet velocity. Predicted results of mass averaged coefficient of
static pressure recovery (32%) and total pressure loss (21%) are in good agreement with the experimental results of
mass averaged coefficient of static pressure recovery (28%) and total pressure loss (17%) respectively. Standard k-¢
model in Fluent solver is chosen for validation. From the parametric investigation it is observed that static pressure
recovery increases up to an arca ratio of 2.85 and beyond the arca ratios 2,85 and up to 3,75, pressurc recovery

decreases steadily. The cocfficient of tofal pressure loss almost remains constant with the change in area ratio for
similar inlet conditions, :

Keywords: Annular curved diffuser, k-g lmr:ulv.:l, Fluent solver, Five-hole probe.
PACS: 47.11 - '

NOMENCLATURE
AL Area ratio D Inlet diameter of the Diffuser
A Aspect ratio L Centerline length of the Diffuser
CC  Concave or outward wall Re Reynolds number
Cpn  Coefficient of pressure recovery AP Angle of tum of the center line
CV  Convex or inward wall
INTRODUCTION

Diffusers are used in many engineering application to decelerate the flow or to convert the dynamic
pressure into static pressure. Depending on application, they have been designed in many different shapes and
sizes. The annular curved diffuser is one of such design and is an essential component in many fluid-handling
systems. Annular diffusers are an integral component of the open cycle gas turbine engines of high-speed
aircraft. It facilitates effective operation of the combustor by increasing the static pressure at uniform flow
distribution at the exit. The performance characteristics of these diffusers depend on their geometry and the inlet

conditions. Part turn or curved diffusers are ussd in wind tunnels. conmipressor crossover, air conditioning and
ventilation ducting systems, flumes, draft tubes, etc.




poge ~44

Proc. of the 5" Internalional Conference on Advances in Mechanical Engineenng (ICAME-2011), June 06-08, 2011
5V Nalional Institute of Technology, Surat — 395 007, Gujaral, India

A Numerical Analysis of Flow Development Through a
Constant Area Duct

Asoke Raman, A. K, Biswas A. N. Mullick’

National Institute of Technology, Durgapur 713 209, West Bengal, India
Corresponding Author (e-mail: amarnath.mullick@me nitdgp.ac.in)

This paper represents the results of an experimental work with measurement of
mean velocity along with total pressure contours in 2-D form and validation of the
same with numerical results based on the wall y+ approach for various turbulent
models like, Spalait Alamras, k- model, k-w model and RSM models are used
fo solve tha rinsire nrohlam  The thirholence modale are invaclioalad in Hhe
commercial CFD code of Fluent using y+ as guidance in selecting the
appropriate grid configuration and turbulence model. The experiment is carried
out at mass averaged mean velocity of 40m/s and the geomelry of the duct is
chosen as reclangular cross-section of 90° curved constant area duct .In the
present paper the computational results obtained from different turbulence
models are compared with the experimental result along with the near-wall
treatments are investigated for wall y+<30 in the region where both viscous and
turbulent shear dominates and.y+>30 in the fully turbulent region. It is concluded
in the present study that the mesh resolving the fully turbulent region is
sufficiently accurate in terms of qualitative features. Here RSM turbulence model
predicts the best resulls while comparing with the experimental resulls.

Simulations of Mixedl Cogvection with Internal Heat Generation
Source in Two Sided Lid Driven Square Cavity

Sumer Dirbude’

Department of Mechanical Engineering, Indian Institute of Technology Kanpur, Kanpur-208
016, Uttar Pradesh, India
*Corresponding author (sumer@iitk.ac.in, subhadi. 2011@gamail.com)

A laminar mixed convection in two-sided lid driven square ca'}.-'ry with internal
heat generation is soIved using finite volume method (FVM) for three
representative Richardson numbers (Ri) of 0.1, 1 and 10.The external Rayleigh
number is kept fixed at 10'. Anti-parallel motions of top and bottom lids are
considered. Top and bottom moving walls are maintained respectively at hot and
cold temperature, whereas side walls are insulated. It is found that the velocity
and temperature field is a function of wall motions and Ri. The heat transfer rate
is an increasing function of decrease in Ri. With the internal heat generation
(Ra=10") the average heat transfer rate from top (hat) and bottom (cold) moving
wall is found to be same although they are maintained at different temperatures.
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In the present investigation of the distribution of mean velocity, static pressure
and total pressure are experimentally studied on an annular curved diffuser of
30° angle of turn with an area ratio of 1.273 and centerline length was chosen as
throe Umcs of Walst dianielen. The eapwimenial resuils (en were (Umencaiy
validated with the help of Fluent and then a series of parametric investigations
are conducted with same centre line length and inlet diameter but with different
area ratios varying from 1.15 to 3.5. The measurements were taken al Reynolds
number 2.0 x 105 based on inlet diameter and mass average inlet velocily.
Predicted resulfs of coefficient of mass averaged staltic pressure recovery (30%)
and coefficient of mass averaged total pressure loss (21%) are in good
agreement with the experimental results of coefficient of mass averaged slatic
pressure recovery (26%) and coefficient of mass averaged lotal pressure loss
(17%) respectively. Stdndard k-¢ model in Fluent solver was chosen for
validation. From the parametric investigation it is observed that static pressure
recovery increases up to an area ratio of 2.86 and belween the area ration 2.86
to 3.5, pressure recovery decreases steadily. The coefficient of total pressure
loss almost remains constant with the change in area ratio for similar infet
conditions.

Keywords: Annular curved diffuser, k-e model, Fluent solver, Five-hole probe.

Nomeclature

A, Area ratio D Inlet diameter of the Diffuser
As Aspect ratio L Centerline length of the Diffuser
CC Concave or outward wall " Re Reynolds number
Crr Coefficient of pressure recovery AB Angle of turn of the center line
cv Convex or inward wall

1. Introduction

The objective of the present study is to investigate the flow characteristics within a
circular annular curved diffuser. The performance of an annular curved diffuser is
characterizes by static pressure recovery and total pressure loss coefficients.

The first systematic studies on 2-D curved subsonic diffusers were carried out by Fox &
Kline [1]. The centerline of the diffuser was taken as circular with a linearly varying area
distribution normal to the centerline. They established a complete map of flow over a range of
the L/D ratio and at different values of AB. Seddon [2] has made extensive experimental
investigations to explain the self-generated swirl within the S-shaped diffuser of rectangular to
circular cross-section having A, =1.338, He observed a significant improvement in the
performance and exit flow distribution by introducing fences of 10 different configurations
within the first bend of the diffuser,

Vakili et al. [3] reported the experimental studies in an S-shaped diffusing duct of AR =
30°/30° having circular cross-section and A, =1.5. Yaras [4] experimentally investigated the
flow characteristics of 90° curved diffuser with strong curvature having A, =3.42 for different
values of inlet boundary layer thickness and turbulence intensity. Reichert and Wendt [5]
experimentally studied the effect of vortex on the flow field of a diffusing S-duct with A p = 30°

308
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CFD Analysis of Solid-Liquid Suspension Flow
in a Horizontal Pipe

Arti tiwari and Triloki Nath
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 based on lhc Culerian-Eularian nu:lt!phasc ﬂow mmici The k-¢ turbulence model and partlclc— mduwd

i

turbulence modt.[ were uscd to s:muldtf.. the suhd llqmd suspcnsmn ﬂow The momentum transfer between !hn.

_"oynncy force were cnnsidered in the model, The simulation geomelr)f f‘ucuses on a horizontal pipe. The
simulution results showed that the suspension status of solid particles depends on the input flow rate.

Characteristics of Fluid Flow through Microchannels

Meenakshi Mour, Debarun Das and Amar N. Mullick
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pvcl nppilcailons into reality in various fields. However, the cha]lenges in the design of microfluidics dewccs
']l Temain smce all aspects of fluid ﬂcw in mtcruchanne!s have not becn yet fuily underslood Microfluidics is

_{}'Wledge base as well as the areas that rcquire intensive iuvestigation. It includes an extensive parametric

udy on effect of the wall roughness, entrance conditions, friction factor and pressure drop on flows in

icrochannels.
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& 'cnterline length was chosen as three times of inlet diameter, The expertmenlal results then were numemaily
f va'lldalsd with (he hc[p of Fluent and lhen a series of paramclnc uwesnga[mns are conduued wnh same centre

Ict v:lac:ry Predicted results of coefficient of mass averaged static pressure recovery (30%) and coefficient of
'_ nass averaged lotal pressure loss (21%) are in good agreement with the experimental results of coefficient of
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ABTRACT .

In the present i:wé:stigaltion the
distribution of mcan velocity, static
pressure and total pressure are
experimentally studied on an annular
curved diffuser of 30° angle of turn
with an area ratio of 1.27 at Reynolds
number 2 x 10° based on inlet
diameter and mass average inlet
velocity. The experimental results
then were numerically validated with
the help of Fluent and then a serics of
parametric investigations are
conducted with same centre line
length and inlet diameter but with
different area ratios varying from 1.15
to 3.5. )
The maximum values of the mass
average slatic pressure recovery and
loss total pressure loss are 26% and
17% compared to the predicted results
of 30% and 20% respectively, which
shows a good agreement between the
experimental and predicted results.
From the parametric investigation it is
observed that static pressure recovery
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increases up to an area ratio of 2.86
and beyond this the pressure recovery
decreases steadily. The coefficient of
total presswre loss almost remains
constant with the change in area ratio
for similar inlet conditions.

Keywords: Annular curved diffuser,
k- model, Fluent solver, Five-hole
probe.

INTRODUCTION

Diffusers are wsed in many
engineering application to decelerate
the flow or to converl the dynamic
pressure  into  stalic  pressure.
Depending on application, they have
been designed in many different
shapes and sizes. The annular curved
diffuser is one of such design and is
an essential component in many fluid
handling systems. Annular diffusers
are an integral component of the gas
turbine engines of high-speed afreraft,
It facilitates effective operation of the
combustor by reducing the total
pressure  loss.  The  performance
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ABSTRACT

The present study dealt with the wall
static pressure of a rectangular curved
duct (with AB=90") at all four faces with
various locations. The normalized wall
static pressure distributions at the top,
bottom, inside and outside surfaces of
the C-duct are drawn in the form of
contours at three different air velocities
Uw = 20m/s, 40m/s and = 60m/s
respectively, These iso-bar contours
indicate towards the 'presence of
secondary flow in the duct in the form
of a pair of contra-rotating vortices for
all the three air velocities,

Keywords:  Curved Duct, Secondary
Motion, Wall pressure, Wind Tunnel,

INTRODUCTION

C-ducts are used in aircraft intakes,
combustors, internal cooling system of
gas turbines, ventilation ducts, wind
tunnels etc. Heat exchangers in the form
of curved ducts are used widely in food
processing, refrigeration and
hydrocarbon industries. Gas turbine
engine components such as turbine
compressors, nozzle ete. utilise several
complex duct configuration.
Performance of duct flow depends upon

the  geometrical and  dynamical
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amarnath mullick@me nitden ac in
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Tadavpur University
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parameters of the duct. So it is very
much essential to design the duct with
proper geomelry to improve the
performance,

Study of flow characteristics through
constant area ducts is a fundamental
research area of basic fluid mechanics
since the concepts of potential flow and
frictional losses in conduit flow were
established. Duct is a part and parcel of
any fluid-mechanical system. It is a
passageway made of sheet metal or
other suitable material used for
conveying air or other gases or liquids at
different pressures. Depending on its
application the shape the duct may be
either of straight, curved, annular, polar,
sector, trapezoidal, rhombic etc. Flow
through curved ducts has practical
importance in chemical and mechanical
industries in  particular.  Obviously,
compared to a straight duct, flow in a
curved duct is more complex due to
curvature of the duct axis. It induces
centrifugal forces on the flowing fluid
resulting in the development of a
secondary motion (normal to primary
direction of flow) which is manifested
in the form of a pair of counter-rotating
vortices. Depending on the objective,
fluid mechanical systems often demands
for the design of ducts with complex
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ABSTRACT _

In the present paper static pressure was
measured on the walls of a !C-shaped
diffuser of rectangular cross-section with
inlet aspect ratio and area ratio. of 2.0, at
three  different inlet velocities, at
incompressible {low regime. 2-D isobars
were plotted with the normalized wall-
pressure. The wall pressure distribution
depicts the development of secondary
motion, as a result of the centrifugal
effect due to centerline curvature and the
subsequently  developed  favorable
transverse pressure gradient. The pattern
of flow development was more or less
similar for the different inlet velocities
and a continuous rise in wall-pressure

along flow direction was observed due to
diffusion,

INTRODUCTION

Diffuser is a mechanical device usually
made in the form of a gradual conical
expander intended to raise the static

pressure of the fluid flowing through it.
Specific use of a diffuser with a proper
area ratio should also ensure an adequate
amount of uniform f{low at the outlet
together with a considerable static
pressure. Diffusers play an important

* role in many engineering  and industrial

applications to accomplish the objectives
under gcometric constraints. In aircraft
gas turbines, high velocity air from the
wing or fuselage first flows through a
diffusing intake where it is decelerated
for increasing the pressure, and then fed
to the engine compressor. In the design
of wventilation and air conditioning
systems, diffusers are commonly used
for discharging the conditioned air into
the space to be cooled in order to reduce
the air velocity and increase the static
pressure. In these applications, on one
hand therc is restriction on space as well
as design compatibility to match with the
shortest possible duct length, while on
the other hand, given cross-sectional
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ABSTRACT

The global thirst for energy is constantly increasing. Amangst rising energy prices and increasing
concern over global environmental Issues, searching for alternative and cleaner energy sources
has become the prime objective for the energy industry and the governments of various countries.

At the moment fossil fuels dominate the world energy scenario may it be liquid or solid. India
currently imoorts 75% of their total petralanm coneomntinn with imnsns 5ot s s
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94% in the next two decades. With such alarming figures India desperately needs a new lease of
life, which can be provided only by biofuels.

India as a market has tremendous potential when it comes to biodiesel, considering the
percentage of diesel fuel consumed in agriculture, transport or power generation. Proper
channelizing and usage of resources can help in tapping these markets. This study shall contain
an overview of the present resources of India in terms of land, man power and government

policies and how all these can be brought in tandem with each other in order to make India a
major player in the biofuel sector.

Keywords: Biodiesel, Hemp, Jatropha, Transesterification, Emissions, Wastelands.

1. INTRODUCTION !

The last one and a half decades has escalaled the concerns of developed as well as developing
powers of the world over the increase in global warming and environmental meltdown oceurring
due to massive carbon footprints left by them due to exponentially amplified demand in
transportation and agro purpdses [1]. Allernatives ranging from hydrogen based vehicles to
natural gas vehicles have been developed and it has been found that none of them are as
effective and efficient as biofuels especially biodiesels both from commercial as well as
environmental perspective. Considering the potential, in agro based industries and transport
seclor, in India the scope for replacement of a substantial amount of conventional fuel (diesel oil)
by biodiesel is huge and a clear trend in that direction has already begun. In last couple of years,
the production and consumption of biofuels have entered a new era of global growth,
experiencing expansion both in'the scale of the industry and the number of countries involved.

Shooting up of oil prices across the globe is sizeable due to the rise in demand in comparison to
the meagre 7% appreciation in world oil production has lead to development of more efficient
conversion technologies and introduction of stronger government policies that have resulted in
huge investments in biofuel production [2]. The praduction of fuel ethanol has more than doubled
since 2000, while production of biodiese! has expanded nearly four-folds [3). Compared to
petroleum, the use of biofuels for transport is st quite low in all the countries. By far the largest
production and use of ethanol is in Brazil and the United States, with almost similar volumes, but
much higher than any other country [4]. Currently, ethanol is blended with gasoline and biodiesel
is blended with petroleum-based diesel for use in conventional diesel-fuelled vehicles.

However in India, considering the market potential in diesel usage as well as plantation potential
on wastelands and hilly areas, biodiesel obtained from non-edible oils like Hemp, Jatropha, etc.
which are low maintenance plants need to be given more prominence hence biodiesel has the
potential to leap-frog the developments for the alternative fuel. Fuels derived from renewable
biological resources for use in diesel engines are known as biodiesel. Biodiesel is an environment
fiiendly liquid fuel similar to petrol-diesel in combustion properties. It is an oxygenated fuel
containing 10%-15% oxygen by weight. Also it can be said a sulphur-free fuel [5] These facts

Page 1 of 7
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ABSTRACT

Curved diffusers are an integral component of the gas
turbine engines of high-speed aircraRl. These facilitate
effective operation of the combustor by reducing the total
pressure loss. The performance characteristics of these
diffusers depend on their geometry and the inlet conditions In
the present investigation the distribution of axial veloeity,
lransverse velocity, mean velocity, static and total pressures
are experimentally studied on a curved diffuser of 30° angle of
turmn with an area ratio of 1.27. The centreline length was
chosen as three times of inlet diameter. The cxperimental
results then were numerically validated with the help of
Fluent, the commercial CFD software

The measurements of axal velocily, transverse
velacity, mean velocity, static pressure and total pressure
distribution were taken at Reynolds number 1.9 x 10° based on
inlet diameter and mass average inlet velocity. The mean
velocity and all the three components of mean velocity were
measured with the help of a pre-calibrated five-hole pressure
probe. The velocity distribution shows that the flow is
symmetrical and umiform at the inlet and exit sections and liigh

Biswajit Haldar
Department of Mechanical Engineering
National [nstitute of Technology
Durgapur, WB, India

Bireswar Majumdar
Department of Power Engineering
Jadavpur University, WB, India

velocity cores are accumulated at the top concave surface due
lo the combined effect of veloeity diffusion and centrifugal
action. It also indicates the possible development ol secondary
motions between the concave and convex walls of the test
diffuser. The mass average static pressure recovery and total
pressure loss within the curved diffuser increases continuously
from inlet to exit and they attained maximum values of 35%
and  14% respectively. A comparison  between the
experimental and predicated results shows a good qualitative
agreement between the two, Standard k-g model in Fluent
solver was chosen fur validation It has been observed that
coefficient of pressure recovery C,, for the computational
investigation was obtamned as 3R%  compared 10 the
experimental investigation which was 35% and the coefficient
of pressure loss 13 obtamed as 13% in computation
investigation compared to the 14% in experimental study,
which indicates a very goad qualitative matching

INTRODUCTION
Flow development within a diffuser, especially

curved diffuser 15 complicated in nature and depends on
several geometrical and dynanmic parameters, which also

Capytight © 2009 by ASME
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ABSTRACT

Twin Intakes are mainly used in modcrn fighter aircraft with single engine embedded in the fuselage typically
consists of a pair of twin limbs, which merge into a single duct, In the present paper. Iwo limbs of the duct are
taken as S-shaped and are symmelrical aboul their central plane. The intake of the aircraft is an important
component, which affects the propulsion as well the aerodynamic characteristics of the aircraft. The task of the
air intake is to decelerate the d1ﬂ'srenl flow conditions ranging from subsonic to supersonic speed of the external
flow to a speed acceptable to the cﬁmpreasbr inlet. In the present paper, an experimental study was made of an
incompressible subsonic flow through a model intake duct of rectangular cross-section. The operating Reynolds
number based on the inlet hydraulic hwan depth is maintained at 3.17 x 105. The geometry of the model twin
intake is taken as two S-shaped diffusing passage of angle of turn as 30°/30° and centerline length as 300 mm
each, A pre-calibrated multi hole prclssure. probe touk measurements at the different section of the intake duct.
The investigation involved comparing the predicted velocity distribution and experimental results at the various
planes of the intake duct. For the 'prcdicled results, a commercial CFD code Fluent' was used, Different
turbulence models available within the code were tested and it has been observed that the Reynolds Stress
Model (RSM) of turbulence provided the best results. The comparison was made on the results of longitudinal
velocity distributions in the form of isoilines for experimental and computational work. Coefficient of pressure
recovery and coefficient of pressure rass also compared between the experimental and computational work. It
has been observed that the patterns of the iso-lines of longitudinal velocity distributions are very close to each
other in both the cases. Moreover, the coefficient of pressure recovery and coefficient of pressure loss are within
6% of the experimental results. This agrﬂ:mcnt confirms that the CFD code using Reynolds Stress Model can
predict the flow characteristics reasonably well for similar geometries with identical boundary and operating
conditions used during the simulation. The primary objective of the present study is to acquire the knowledge
and understanding of the flow development through a twin intake duct. Morcover, the cxperimental data are
used as a benchmarking for the validation of CFD code Based on these agreements the predicted transverse
velocity distribution at the merger plane of the intake duct is discussed in the present paper. From the predicled

results, it has been observed that the two pairs of contra-rotaling vortices are generated at this section and the
same corroborate the experimental results

Keywords: Twin Intake Duct, Merger Plane, Fluent Code, Transverse Velocity, Multi-hole probe
1. INTRODUCTION

Modern high performance single engine aircrafts consists of in air intake duct to convey air to
the compressor face of the engines. Air intakes are large aircraft component, which requires
synchronized integration in to the overall design of the aircraft so that the efficiency of the

aircraft does not deteriorate. The main problem of the air intake design is to ensure that the

* Further author information: (Send correspondence to )
. E-mail: anmullick@gmail.com, Teléephone: +919830385342(M). Applied Mechanics Department, NIT,
Durgapur Mahatma Gandhi Avenue, Durgapur 713209, India.
¢ E-mail: b_maj3255@yahoo.com, Telephone: +919433213671




page - 3

A Computational Approach to Analyze the
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Abstract

Single engine aircrafts ‘consists of a pair of twin intake, which is
symmetrical about their central plane and embedded in the fuselage of the
aircraft. The two limbs of the twin intake duct merged at a section beyond
which the duct has a single outlet symmetric about its axis in vertical plane. In
the present paper a computational approach has been adopted to validate the
numerical results and also the prediction of other flow conditions through a
parametric study. The validation has been done by using Fluent CFD code. A
twin intake duct of rectangular cross-sectional area of aspect ratio=2.0, area
ratio=1.5, centerline length=300 mm and angle of turn=30°/30° has been used
for the present analysis. The operating Reynolds number based on the inlet
hydraulic mean depth and mass averaged mean velocily is maintained at
3.17x10°. The geometry of the intake duct is taken as two S-shaped diffusing
passage merged to form a single duct. The investigation involved comparing
the experimental results and the predicted results of the distribution of flow
parameters at the merger and exit sections. In the present paper Reynolds
Stress Model (RSM) of turbulence is used for numeric analysis, with ¢ value
is taken as 0.8. The inlet condition of the numerical analysis is made exactly
same with the experimental study. 1t has been found that the numeric results
match both qualitatively and quantitatively with the experimental results. The
longitudinal velocity distributions in the form of iso-lines for both
experimental and numerical work are presented in this paper. The agreement
between the results confirms that the CFD code using RSM model can predict
the flow and performance characteristics reasonably well for intake ducts of
similar geometries and same boundary conditions.

The comparison of the performance parameters like coefficient of pressure
recovery and coefficient of pressure loss for both the experimental and
numerical work are also presented in this paper. It has been observed that
coefficient of pressure recovery for the numerical investigation is obtained as
44% compared to the experimental work which is 41%. Similarly the

! Assitant Professor, Applied Mechanies Dept., NIT, Durgapur, Durgapur-703209, India
! Professor, Power Engg. Dept., Jadavpur University, Kolkata -700098, India.
4 Professor, Electrical Engg. Dept., Jadavpur University, Kolkata-700032, India.
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A Study of Wall Pressure Distribution of an Axisymmetrical Y-shaped Air Intake

Amar Nath Mullick
Mechanical Engineering Department,
FIEM, Kolkata,
anmullick@ vsnl net

ABSTRACT

An experimental study was made of an incompressible
subsonic flow through a model Y-intake duct of rectangular
cross-seclional area of Aspect ratio=2.0 and Area ratio=1.5,
The operating Reynolds number based on the inlet hydraulic
mean depth and mass averaged mean velocity is 3.17x10°. The
Beumetry ol tne model Y-intake was taken as two S-shaped
diffusing passages having angle of turn 30°/30° with centerline
length of 300 mm of each. The measurements indicate that
there is a continuous increase in static pressure on both the
straight parallel walls. The high pressure zones are | located at
the exit of the diffusing passages. In the present study, Y-intake
duct flow was studied in order to document the detailed flow
data for validation and comparison with numerical! code and
prediction of various flow parameters. Experimental results
indicate that the generation of secondary motion in the form of
contra-rotating vortices. Experimental results also sdggas: that
the details of the near wall flow incipient vortical thotion are
likely 10 provide a vigorous test for various computational
methods and turbulence models.

KEYWORDS '
Y-intake duct, Turbulent flow, S-shaped diffuser,
rotating vortex. i |

Conitra-

INTRODUCTION

The understandmg of flow development in Y-shaped diffusing
ducts is relevant to a vast range of aeronautical and industrial
applications, In such applications they may be integtated to
intake ducts to convey air to the compressor face of aircraft
engines with dorsal or wing-rooted intakes and are ‘critical to
the performance of the entire propulsion system. It is a matter
of great importance o make an appropriate design of this type
of air intake ducts for the modern high performante aircraft
engines. Air intakes are fairly large aircraft components, which
require synchronized integration in to the overall design of the
airwraft so that the efficiency of the engine does not impaired.
The main problem of the air intake design is 10 ensure that the
lurbine aero engine is properly supplied with air under all
conditions of the aircraft operation. The task of the air intake is
thus to decelerate the high speed external flow 1 a speed
acceplable lo the compressor Depending on the designed speed

Paper No. NCEFMFP2006-1211

Bureswar Mayumdor
Power engineering Departinent,
Jadavpur University, Kolkata,
b_maj3255@ yuhoo com

of the aircraft the different intake types are employed, The
geomelrical varations along with diffusion of Aow make the
flow characteristics of these ducts very complicated in nature
The intake duct divides the oncoming airsieams into an
internal flow and an external flow. The internal flow has the
positive duty of feeding the engine whereas the external flow
preserves the proper acrodynamics of the airframe.

The characteristic of the design point of the intake is that the
cross-section of the captured area 15 2 maximum, corcesponding
to the maximum airflow requirement of the engine.  The
condition applies to one particular flight Mach number, the
engine thrust seiting is changed by altering engine RPM and
thus the pressure at the compressor inlet will change
accordingly. In the S-shaped diffusing passage, centrifugal
forces originating as a result of curvature of the limbs of the
diffusing passage have a tendency to nullify the adverse
pressure pradient resulung from the diffusing action. The
rapidly moving luid located at the central part of the flow
passage has a tendency to move in axial direction but foreed
towards the outer wall. In order 10 satisfy the continuity of flow
the secondary motion generated within the flow pussage. Thus
the intricacy of the design of an air intake duct is o guide the
fluid stream with pressure and flow uniformity at the
dawnstream of the imake exit

The Y-intukes are generally referred to a pair of intakes on the
two sides of a fuselage, feeding a single engine via o comnon
duct or plenum chamber. These types of intake are widely used
for ingestion of atmospheric air to single engine aircrafl. Again,
the design of such intakes generally aims to provide the
shortest possible duct length for a given cross-sectional area in
order to minimize the hydraulic loses and flow distortion at the
exit by avoiding sepuration. Moreover, due to the space
constraints in the downstream assembly units, the shape of the
flow passage generally taken as curved to mauntain the overall
diffusion and pressure recovery. The centerline offset of the
intakes with respect to the engine is a real challenge n
designing the intake confurming to the constrasmts inposed by
other aspects of the wircrafl design,

It has been observed through an intensive survey of literatures
that the reported results are very few in open journals because
the studies on Y-inlakes are mainly restricied in aircralt
industries and defence sectors. These limitations and zeul for
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Details of Ph D Students (Guided and Ongoing)

Annexure I11

S.No Name of Student Year Title of the Dissertation Status(Completed
/Ongoing)

fl Prasanta Sinha 12006 FFlow llwestigaliol{ t_l_m-mugh Degree Awarded in 2011 |
Annular Curved Diffuser

2 Arup Kumar Biswas 2011 Development of Flow through Degree Awarded in 2015
Constant area Duct in Turbulent
Reoimes

3 Vidyasagar Bhattacharjee 2011 Numerical Simulation of Ongoing
Bifurcated Air Intake

-4 Neenak Verma nnia Muman sl Simlatins il Cuguing
Performance of Continuous

5 Bibhuti Bhusan Nayak 2013 Numerical Study on the Thermo- [Thesis submitted
Fluidic Transport of Fly Ash-
Water Slurry in Horizontal
Pipeline

6 Rahul Mishra 2014 Hydrodynamic and Erosion Ongoing |
Studies for Flow of Particulate
Slurries

7 Sudhanshu Mishra 2014 Hydrodynamic and Thermal Ongoing
Studies for Flow of Particulate
Slurries




18 Administrative/Institute Support Work:

"S—,No.

Section/office/Institute level | From To Position held k Responsibilities
committee
1. Served as Hostel Warden  JAugust 07 {July 08  [Warden Hall 6 & To look after ll‘tLd:‘l}_ll) day
[1all No 6 and Al & A7 of Hall Al & A7 work of the Hostel and also
the Institute to maintained the discipline
E— of the Hall
2. Served as joint chairman of |August 07 {July 08 [Joint Chairman
IAnti-ragging Committee for
Hall VI
3. Served as Hostel Warden for [Sept 07 July 08  |Additional To look after the day to day
Carcnaca 1'C 1all raennneihilit worl: of the Hactel and alen
Lo maintained
4. Served as Lab-in-Charge  [July 08 June 15 i-n—Charge To look after the day to dayn
Fluid Mechanics & work and procured new Lab
Hydraulic Machine Lab and Set up and developed
Aerodynamics Lab Aerodynamics Lab
5. Served as Warden Hall No. 2|Aug 08 July 10 [Warden Hall No. 2 Same as above-
of the Institute
6. Anti-Ragging Committee of [August 09 |April 14 Member
the Institute
7 Served as Associate Dean, |August 09 |Apr 14 |Associate Dean, To assist the day to day work
Student Welfare of the Student Welfare of Dean, Student Welfare,
Institute To look after the
Scholarships for all the
students.
8. Served as Professor-in- Nov 09 Apr 14 |In-Charge To look after all the
Charge Post Graduate activities including conduct
Examination of Examinations and
publication of results of
various examination of the
Institute.
9. Convener of Institute Nov 09 Apr 14 [Convenor
Scholarship Committee
10. Served as Chairman Nov 09 July 15 [Chairman
Departmental Purchase
Committee -
11, Served as Committee Feb 10 Apr 14 Member
" IMember of Hostel Mess
Committee
12. Serving as Centre-in-Charge [Feb 12 Till date |{Centre-in-Charge . -
of West Bengal Joint
Entrance Examination
13. Served as Joint Centre-in- 012 2013 oint Centre-in-
charge of CCMT 2012 & Charge
2013
14, Serving as IHead of ~hole Till now |Head
Department of Mechanical
Engineering Department _




Serving as Member of
Academic and Professional
ethic committee

an 17

Till now |[Member

6.

Prep_aratinn of Draft Concept
Paper on Roles and
Structures of Schools,
Department. Centres

A Services or Research),

Apr 17

Till now

Member

For finalisation, the terms,
conditions, and contract
value of AMC of the Air-
conditioning System at S N

Royv Memorial Building,

June 17

Till now

Member
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NATIONAL INSTITUTE OF TECHNOLOGY, DURGAPLR
(DEEMED UNIVERSITY)
NosNITD/Admn 270 Dated: July 31. 2007

OFFICE ORDER

As approved by Director, the [ollowing fuculty members are hereby appointed as
Wardens of different Halls of Residence of the Institute w.e.t. 01082007 (175) | hey are
entitled to receive remuneration as per Institute rules. This oftice order supersedes earlier
otlice order in this respect

Ihe services rendered by relieved Wardens are highly apprecisted and gratetuliy
acknowledged. Thelr cooperation and advice is solicited for uny future activities of the
Hostels.,

List of Wardens:

j il No. R Name of Wardens - _ .
| l I 1. Prof. A, K. Bhattacharya, ECE Dept |
*_____ S | 2 Dr \ K. Patra, € ht_.El_:._ltl Dept. |
! 1 L. Du. Bdl]\.l_]b_t_’ Il Dept |
i _ 3. Dr. A. I, Puri, ME Dept.
1 Js Prol "a S Thakur, EF Dept
L i . 2. I)| ! _B_lm_n_s_.g_llgmamlu.a Dept
i \ [.___L_)_l_} K. Meikap. Physics Dept. ]
ir o |2 DrD. Sukul, Chemistry Dept. |
A 1. Prof. K. C. Ghanta, ChE Dept. A
| - 2. Shri A, Layek, ME Dept. - i _1|
" VI I Dr. A. N, Mullick, A, M. & Drwy. Depl N
A 2. Shri M. K. Mondal, Physies Dept. ]
| IX L. Prof. M. C. Majumdar, ME Dept. R
' - 2. Dr. B_l' \luLIm;deW'l) Chemistry i_)\.p‘ |
| 3 Dr S. ¢ Moi, Chemistry Dept. _
__I ~4. Shri S, Sahoo, Physies Dept. i
LH (Nivedia) ! I, Mg, T, l’qlll)nh:p_y_;_(_ S}__I)a_pl N
12 Dr.(Ms)Juyali De, EL Dept
LH (Preetilu) . 1. Shri G. Banerjee, DMS |
- 2. D (\11&}” Dutta, Bio- l\.l.h _lJa,pi
C)qfi LML Lf:
(A7K. Mitra) 219707
Dean { Admin)
Copy 1o,

Secretury Wardens' Council
Prof. - In-Charge (Hostels)
Prof  In-Charge (L:suue)
Relived Wardens

Reinving Wardens

6. Dy, Registrar (Admimn)

7. Dy Registrar (A/Cs)

8. Mess Managers / Mawon LH
Y. Medical Officer

10 PA w Direcior

LT Fide Copy

A = ed D e
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NATIONAL INSTITUTE OF TECHNOLOGY, DURGAPUIR
(DELEMED UNIVERSIETY)
MATA TMA GANDIHLAVENULE - 713 209, WEST BENGA]

OFFICE ORDER

NV SS9 Hal- VY Datee: Aue 0] 2007

Sub: Anti-ragging committee For Hall - VI

An Anti-Ragping Committee Tor Hall - V1 is formed Tor prevention of ragging i the
premises of Hall - V1 with immediate effeet as here under:

I Warden 1, Faculty - Jomt Chairman
2 Warden - 1L Facuhy - Jomt Chairman
3. 5hri Rajdecp ar, Roll No. 06/CSE/A4 108, Room No. 131 - Nemben

4 Shri Ram Prasad Panda. Roll No. 06/MBA/36. Room No, 239 - Memher

5 Shri Rajih Dev. Roll No. 06/MBA/S9, Room No. 335 - Menther

0. Shri Saswat. Roll No. 06/MBA/0S, Room Na. 105 - Member
7.8hrt Samnanva Ray, Roll NO. 06/CSEA103. Room No. 124 - Memibes

8 Shri Sourave Neogi. Roll No. 06/MBA/SS, Room No. 315 - Member

4 Shri Tapan Samadder, Mess Manager. Hall - VI, - Conveno

AL
) T s Ll s
p[(.‘*i. Bhattacharya)

Director
Caopy to:
0. Warden [ Joint Chairman, Anti Raggimg Comnuttee, Hall - VI
70 Warden - UL Joint Chairman, Anti Ragging Committee, Hall - V]
Comvenor - Anti Ragging commiitee, Hall - VI
9. Al Concerned members
1O Hall - VI Notice Board

=]
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NATIONAL INSTITUTE OF TECHNOLOGY - DURGAPLUR
(DEEMED UNIVERSITY)
No.: NITD 39 Dated: September 14, 2007

OFFICE ORDER

In suppression of earlier order in this regard the following Wardens of Hali — V] arc
assigned additional rupunalhlht\; 1o acl as Warden for extended PG Hall of residence in
Building No, A-7 & other Anne Buridmgm\ ith immediate effect.

i Dr. A N. Mullick, Assistant PI‘DF@‘»‘;OT A M. & Drg. Dept
i1 Q!'\r'i :\"_ Iu. h"“nl 1 T anriimne-

i
R e LEOTUTST, o a1 | 313 J_Ib'.l'l.

,-'\,r i ﬁJ/—H‘\.

11 Ao e

(Prof-A. K. Mitra)  1Y. VY.

Prof. — In — Charge)

Copy to:
e Dr. A.N. Mullick, Assistant Professor, A. M. & Drg. Dept.
Ii. Shri M. K. Mondal, Lecturer, Physics Dept.
iit. Dr. A. K. Bhattacharya. Secretary Wardens™ Council
iv. Dr. P. Ray, Professor — In — Charge Hostels’

V. Dy Registrar (A/Cs)

Vi Mess Manager — Building No. A-7 & f\nne)}. Building.
Vil File Copy



NATIONAL INSTITUTE OF TECHNOLOGY, DURGAPUR
MAHATMA GANDHI AVENUE, DURGPAUR - 713 209 (W.B.) INDI A

No.: NITD/59 SRS AL SO
OFFICE ORDER

[n supersession of all previous orders in this regard and as approved by the Director the
following Faculty Members arc appointed as Wardens of different Halls of Residence as
per the list as under. w.e.f. August 01, 2008 and until further orders. under terms &
conditions as per rules.

List of Wardens:

Hall No. - Name of Warden - _]
I 1. Dr. A, K Patra, Chemistr» Dcpu

|
'TJ
_‘
?’"
Z
=]
=
o
i
5o
-
e
J‘
l"\
w
.
{41}
=
B

Dr A. B Pun‘ ME Dcptl

Dr A.N. Mullick, AM &Drg. Deptt.
Dr. S. Banerjee, EE Deptt.

Dr. J. Banerjee, Humanitics Deptt.

-~
B s I

11

111

b —

Sri A. K. Mal, ECE Deprt.
Sri R. Kar, ECE Depit.

v

[ —

Prof. §. 8. Thakur, EE Deptt.

| . Dr. A, Layek, ME Deptt.

VI Prof. A. K. Bhattacharya, ECE Deptt
Sri D. Mondal, ECE Deptt.

Dr. A. K. Meikap, Physics Deptt.
Dr. S. Sahoo, Physics Deptt.

Dr. 8. C. Moi, Chemistry Deptt.

Sri A. Modak, Humanities Deptt

I3 —

X

Prof. A. K. Saha, ME Deptt.
Dr. (Mrs.) Jayati Dey, EE Deptu.

Nivedita Hall

1. . Dr. D. Sukul, Chemistry Deptt.
N s FIE] . Dr.(Mrs.) D. Dutta, Bio-Technology Deptt. !

1 he Wardens of Hall VI will look after the Hall Annex in A-7. The Wardens of Preetilata
Hall will look afier the Hall Annex in B-9.

P =B = de L 1 = b

The services rendered by the outgoing Wardens Prof. V. P. Shukla, Dr. B. P.
Mukhopadhyay and Smt. T. Pal (Debroy) are gratefully appreciated and acknowledged.

T

I
LA
Pro /'Il/u‘;e-

Copy to:

I. All Deans

2. Al HODs

3. Secretary Wardens® Council

4. Prof. — In — Charge (Hostels)

5. Prof. — In - Charge (Estate)

6. Dy. Registrar (Admn)

7. Dy. Registrar (A/Cs)

8. Audit Officer

9. Wardens, Halls of Residence & Outgoing Wardens
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NATIONAL INSTITUTE OF TECHNOLOGY. DURGAPUR
MAHATMA GANDHI AVENUE, DURGAPUR — 713 209 (W B ). INDIA

No.: NITD/39 Dated: July 19. 2009

OFFICE ORDER

Ihe Anti Ragging Committee of the Institute is hereby re-constituted as follows:

l. Prof. Goutam Sanyal, Dean (Student Welfare) - Chairman
2. Prof. A. K. Mitra, Dean (Admin) - Member
3. Prof. S. B. Das, Dean (Academic) - Member
4. Prol. S, Haldar, Dean (P&D) - Member
5. Prof. P. P. Gupta, Dean (R&C) - Member
6. Prof. A. K. Bhattacharjee, Secretary Wardens’ Council - Member
7. Prof. S. N. Sarkar, Prof. TPSW - Member
8. Prof. N. K. Roy, Associate Dean (Academic) - Member
9. Prof. K. C. Ghanta, Associate Dean (R&C) - Member
0. Dr. A. N. Mullick, Associate Dean (Student Welfare) - Member
L1. Dr. Surabhi Choudhury, Associate Dean (Student Welfare) - Membher
[2. Al HODs - Members
13. Registrar (I/C) - Member
4. All Wardens - Members
I5. Deputy Registrar (Admin) - Member
16. Deputy Registrar (A/Cs) - Member
7. Manager (HES) - Member
[3. Shri P. Chatterjee, Security Inspector - Member
19. All elected office bearer of Students Gymkhana - Members
20. Dr. J. Banerjee, Warden Hall - I11 - Convenor

The Committee will start functioning with immediate effect and will be valid till turther
order,

This order supersedes all the previous orders in this regard.

VT,
(S. Bhattacharya)
Director

Copy to: All concerned.
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MATIORAL HNSTETUIT O] T1CTINOL O3 rY L DR GAPLI
MATA TN GANDEL AVIINT L DURGATUI - FE3 200 (W TR
Mo METY 60 Pated: Febpvay 17, 2010
OFFICE ORDIER

Aaexamination cell consisting of the followi g members is heing

constihied o look afier all
the activities including conduet of examinations and publication ol reanlts for varions
exaninations of our Institnte,
Lo Profl S Ghosh, Dept. of Eleetrieat 1+ nginecring
Lo De ACH Malliek, Dept of Mechanical T naineering
Hits examination cell will start functioning immediate Ay il a0 polive summoe Boe: Pt
Paval. Prol-In-Charge Examinations., i
i-n,.{‘fr
(5 Bhattacharvay
Director
Copy to;
Lo ProllS. Ghosh, Dept. of leetrical | ngineering.
20 Do AN Mullick, Dept. ol Mechanieal 1 gineering
oMol 1 Basak, el Tn-t Tharge, Lxamination
4 Al Deans
S Al Associale Deans

G0 ALLHODs / Seelions
7. File copy.
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NATIOMNAL INSTITUTE OF TECHNOLOGY.DURGAPUR
MAHATMA GANDHI AVENUE,
DURGAPUR-713209 ,West Bengal. INDIA

Nu. NITD/3712 Dated: February 06, 2012

OFFICE ORDER

As approved by the Director, the Scholarship Committee of the Institule is hereby reconstituted with the

following members . The committee will start functioning with immediate effect.

SI. No. ' Name of the committee member

1. ] Prof. G. Sanyal, Deptt. of CSE & Dean ( Students’ Welfare) o [ Chairman |
2. | Prof. D. K. Mondal. Deptt. of MME & Dean ( Academic) - ! Member
3, ____l_'l_)faf. P.P. Gupta, Deptt. of Che. E. & Dean (R & C) - o | Member
4. } Sri R.N. Ray, Associate Prof., Deptt. of MME o Member |
T ‘f—ﬁr—.ﬂ:&.—ﬁ.ﬂﬁu_ﬁ_iék, Associate Prof, Deptt. of MLE. & Associate Dean(Students Convener

|
'| Wellare)

G c:.[»‘*[?v/

Registrar ( 1/C)

Copy to:-

1. Concerned members.
Concerned HOD.
Dy. Registrar( A/Cs).
Manager ( HES)
Audit Section.

6. Director Office.
7. Tile copy.

W O PO N AT, HEEN T
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Audit Offeer
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NATIONAL INSTITUTE OF TECHNOLOGY, DURGAPUR
MAHATMA GANDHI AVENUE, DURGAPUR - 713 209 { W.B.), INDIA

Nu.: NITI/59 Dated; February 10, 2010
OFFICE ORDER

As approved by the Director, the Tender Committee for procurement ol food materials for
the hostels is reconstituted as under:

L. Prof. G. Sanyal, Dean (Students” Welfare) - Joint Chairman
2. Prot. A. K. Bhattacharjee, Secy. Wardens’ Council - Joint Chainnan
3. Dr. AL Lavek., Warden. Hall -V - Iaint Coanvenar
4. Dr. I. Banerjee, Warden, Hall — IT] - loint Convenor
5. Dr. Surabhi Choudhuri, Associate Dean (Students’ Wellarze)- Member

6. Dr. A. N. Mullick, Associate Dean (Students” Welfare) - Member

7. All Wardens of all Halls of Residence - Members

8. All Mess Secretaries of all Halls of Residence - Members

9. Executive Council of Students’ Gymkhana - Members

10, All Mess Managers and Matrons - Members

lhe committee will start functioning with immediate ¢ ffect.

. (’.__‘—\\
jﬂm TN
(A K. Mitra}y 70.02- 14
Prof. - In - Charge

Copy to:

All Committec members.
Registrar (1/C)

Deputy Registrar (Admin)
Deputy Registrar (A/Cs)
Audit Officer

L e Gl ) —
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NATIONAL INSTITUTE OF TECHINOLOGY DURGAPUR
MAHATMA GANDHI AVENUE. DURGAPUR ~ 713209 (WEST BENGAL ), INDIA

No. NITD/Esut./4P-917/Headship —M.E2704/ 2016 . Date : November 16™ . 2016

OFFICE ORDER

Prof.. Amar Nath Mullick, Prof., Department of Mechanical Engineering of the Insttute is hereby
appointed as Head. of the Department of Mechanical Fngineering with immediate effect for a
period of two years.

The services rendered by Prof. Nilotpal Banerjee, as head of the Department of Mechanical
Engineering is apprecia-tcd and acknowledged.

This issues with the approval of the competent authority.

Registrar

Copy to:-
I. Director.
Registrar .
All Deans.
All Head of the Departments/ Sections.
Prol, Nilotpal Banerjee, Prof., Department of M.E - With a request to hand over the charges
of HOD, as per format .itlm,hn,df five copies).
L,(L/Pmr A. N. Mullick, Prof, Department of M.E - With a request to take over the charges of
HOD. as per format submitted to Prof. Nilotpal Banerjee
7. Director / Registrar Secretariat
8. File copy.

[ ;{@,{%&&1 \\e
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FEICE ORDER

As approved by the Senawe of the Instine in s ot ieting held on 00,040,200 7 vide

om o 44050 the Acadomi: and Professiona) ethic commmittes of the institutz s hereby

\ PR UG (NP TN » y
—odbatiled Wikl the Todlos e e s
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0, Nl e
f} Prot Bt ¢ hopag
(3 Prof. P. Gupta (Dean- \ R4 H
U Prof. A sz epadbiony (Dean-1T'W)
(1 Prof. K. Bhawachar, va (Dean P81
(s Prof. S ¢ E'nniu;_a.'-_;JIU:.-._» (Deun- R&()
(36. Prot. S, Ghosh (eai Acadeinics)
7. ? Prof. N. Banerjec (Dean-SW)
ag. Prof AR Maeikap (1ol Phy aes)
] Profl AN Mathek (Haly ML

Lhis 1ssues with the speaval oid

L} “ :."-L'k‘_: ot
AllHotr,
i il;,'. { ‘;1}'_-.-.

ek
Chairron
Vembe
Miember
i L _l'.-r!
NMembzi
Member
Micniber
Member
Member
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National Institute of Technology, Durgapur

Committee for Preparation of Draft Concept Paper on Roles and Structures of Schools,

Departneents, Centres (Services or Research), Cells, Facilities etc,
Date: May 1 2016
Notice

A meeting of the committee will be held on May 5 (Thursday). 2016 at 11:00 a.m. in the Academic
Board Room for the following agenda items. All comnittce members are hereby requested o

kindly make it convenient to attend the meeting.

Agenda items:
I Discussion on preparation of the Concept Paper on Roles and Structures of Schools,
Departments, Centres (Services or Rescarch), Cells, Facilities ete.

2. Any other matter,

(Dr. Subhankar Roy-Barman)

Convenor of the Committee

Copy to:
I Prof. 8. Ghosh, Dean (Academic), Chairman
2. Prof. Soumya Bhattacharyz, Dept. of C. 5., Mcmber
3. Profl A.N. Mullick, Dept. of M., Member
4. Dr. Seemu Sarkar (Mondal), Dept. of Maths, Member
5. Dr. Suchismita Roy, Dept. of C.S , Member

6. Dr. Koushik Mandal, Dept. of M.S., Member
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NATIONAL INSTITUTE OF TECHNOLOGY DURGAPUR
M.G. AVENUE, DURGAPUR — 713 209

Ref No. NITD/Regis/OR/852 Date: 23" June, 2017

OFFICE ORDER

In accordance with the approval from the com petent authority to the resolution taken in a meeting dated |

23/06/2017, & committee has been formed to negotiate with Blue Star for finalizing the erms and’

conditons and contract value of AMC of the Air- -conditioning system that was installed by Blue-Star at
5.N. Ray Memorial Building under the renovation work done by NBCC., |

i

i
i
|

! Dr. Kamal Bhattacharya, Dean (P & D) Chainnan _,
2. Dr. G. Sanyal, Head (CS ) Member
3. Dr.S. Banerjee, Head (EF) Member K
4. Dr. A.N. Mallick, Head (ML) Member i
5. Dr. R. Ghatak, Heuad (LCE) Member

6. Dr. N. K. Roy, Professor (EI?) Member

7. Mr. T. Haldar, LE-NITDGP Member, convener.

The committee is empowered to induct external member(s) from CMERI for the expertise if needed. |

)
The committec is requested 1o submit its recommendations to the competent cuthority by 1% week of
July 2017, :

Registrar

Director.
Registrar
All concerned members.
File copy,

i



No.F.10 (51)-RECT/TPSC/2017
TRIPURA PUBLIC SERVICE COMMISSION

Agartala, 20" October, 2017
To

Dr. Amarnath Mullick, Professor,

Department of Mechanical Engineering, NIT Durgapur,
Dist : Bardhaman, West Bengal,

PIN- 713209

Ph. No.09830385342,

Subject: - Appointment of Advisor.
Sir,
| 'am directed to inform that the Tripura Public Service Commission will hold
Interview in the Commission's office at Agartala for recruitment to the post of Lecturer,
Diploma Level Technical Institutions in Tripura, Group-A Gazetted under the

Education(Higher) Department, Government of Tripura as per programme below.

s Name of Session
: ’ i Date ~ Forenoon | Afternoon | Total
No. | Subject/Discipline. (10.30 AM) | (2.30 PM) |
14-11-2017 08 07 15
1 Mechanical .
- | Enai :
AReRNng 15-11-2017 08 07 15
| Automobile N
2. Engineering 15-11-2017 | Dj__ 01 N

The Commission has decided to invite you as an Advisor for the Interview.
In this connection, | am to inform you that the Expert- Adviser being invited from
outside Tripura will avail the facilities as mentioned below :-
a) Arrangement for Reception & See- off at Agartala airport with provision of one
vehicle for his movement at Agartala.
b) Reimbursement to and fro travelling expenses.
* Residence to airport Taxi/ Train fare (AC Il tier)
*  Cost of air ticket (actual paid)
* Airincidental charge.
¢} Honorarium @Rs.1500/- (Rupees fifteen hundred) only per day of Personality
TesVInterview.

Contd. Next Page

EXP-3

1»'—{—’ = {?"u&.
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NETAJI SUBHAS OPEN UNIVERSITY

HLOL: D13-26. Salt Take, Sector -1 Kolkata 700 Und
Phone - 40660 32200 TELEFAX ¢ 4066 3205

Wehsite : wavw whnsowzae. in

Memo No. Reg/734 Date-7.06.2017

To,

Prof. (Dr.) Amar Nath Mullick,
HOD,

Deptt of Mechanical Engineering,

NITT Tismscsomine
A -

Subject:- Member of Standing Committee for Selection in Officer
Posts(s)

Sir,

I'am directed to bring to your kind notice that you have been designated as

member of the Standing Committee by the Hon’ble Vice Chancellor for Selection
of System Analyst, in Netaji Subhas Open University.

Now, may I request you to kindly spare some of your valuable time for the

university in connection with the aforesaid selection.

The interview in this regard would be held on 23" & 24" June, 2017 from

[ 1A.M onwards at the Headquarters of Netaji Subhas Open University at DD-26,

(3 floor) Salt Lake, Sector-1, Kolkata-700 064. We shall be obliged if you kindly

make yourself available on this date to be present at the university for the

selection process. For any further communication the undersigned maybe
contacted.

With best Regards.
b St

Registrar
Mail Id-"registrar@wbnsou.ac.in”
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DURGAPURINSTITUTE OFADVANCED
TECHNOLOGY & MANAGEMENT

"’N = _ul“ﬂ

Registered & Administrative Office : G. T. Road,

g * Rajbandh, Durgapur - 713212, Dist. : Burdwan, (W.B.)
gt Ph. : (0343) 2520712, 2520713

Fax : (0343) 2520881

City Office : 21, Princep Strest, ist Floor

Kolkata - 700072

No. DIATM/DIR/44/2 6 Tele Fax : (033) 22258326, 22128062

Date : 27.03.2017.

< Tty
Prof, A, N. Mullick.
Prolessor & HOD ol Mechanical Pngg. Dept., of
National Institute ol Technolopy
Gandhi More.
Durgapur,

Dear Sir,

Sub ' Request to attend All India Seminar organized by our Mechanical

Iingineering Dept. as Invited Speaker on 04.04.2017.

We feel happy to inform you that our Mechanical Engineering Department
will organize 3 days® all India seminar from 03.04.2017 to 05.04.2017 on “Enabling
Sustainable Development in Mechanical Engineering in the context of Make-in-India®
- association with The Institution of Engineers(India), Durgapur Chapter. We shall feel
immensely proud to have you as our Invited Speaker on 04.04.2017.

You are also requested to give us a message to incorporate in our Souvenir.

Your augusl presence will definitely grace this auspicious occasion and make
the Seminar a grand success.

Thanking you,

Yours lilithl}llf'. .
e
b { )
e LA ‘v{}.a_ o' )‘ I*’x
(rof. (Dry P, I Sinha)
Principal, DIA'L M & Chairman(Organizing Committee)

'} i ; "7

E-mail * diatm@rahul.ac.in Website - www diatm rabul.ac i
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MAHATMA GA NWOHT AVENUE
DURGAPUR-T L3 Z09{WEST BEMGALL INEGIA

OFFICE ORDER

& Office: (0343 294

152490

Fau: (0343125473757 2546406

E-mail: registr.
Website:

whmin.nitdgp.ac

iion -l't

ﬁ‘ik{:ﬂf r_._r_-L £0.d¢ .’.’l

Date- 03.04.2017

As approved by the Competent Authority following Faculty Members have been permitted to attend the following
programme as mentioned below against their names -

Financial support

Registrar
Copy to:

1. Director

2. Registrar

/o

3. Deputy Registrar (Finance & Accounts)

4. Assistant Registrar (Internal Audit)

S. Head, of the Department (i) E.E
“Prof. N. K. Roy, Professor, Dept. of M.E.
7‘ Prof. P. Kumbhakar, Professor, Dept. of Physics
B Prof. A. N. Mullick, Professar, Dept. of M.E,
9. Dealing Assistant (Leave)
L0. Director Secretariat & Registrar Secretariat

11, File copy

(i) Physics

(i) M.E.

| 5L |Name, Emp. ID, Designation Purpose Place Duration MNature of |
(Mo, and Dept. of the Faculty Leave
Member
L | Prof N. . Roy, To act as an Assessor Dept. of 27" March,2017 | Not Applied
Professor, in the Performance Electrical
! Dept. of Electrical Engg., Management of Engg. Asansol
(DO 4P-4da Faculty members Engineering
| College,
' Asansol - ) i
2 | Prol P. Kumbhalar, To act as an Assessor Dept. of 30% March,2017 On duty |
Professor, in the Performance Physics, leave |
Dept. of Physics, Management of Asansol | ,
1D No. 4P-143 Faculty members Engineering il
College, | |
e . I Asansol | ST IS
2| Prof. A.N. Mullick Toactasan Assessor|  Dept.of |  29thp 30m Not Applied |
| Professor, inthe Performance | Mechanical |  March,2017 | !
Dept. of Mechanical Engg, Management of | Engg. Asansol | E
ID No, 4P-917 Faculty members Engineering
College,
! Asansol . _

Not Required

~ Net A_ppl'ied

~ Not :\pplled




Pege ~35

- NATIONAL INSTITUTE OF TECHNOLOGY DURGAPUR

MAHATMA GANDHI AVENUE
DURGAPUR - 713209 (WEST BENGALJ, INDIA

B Office: (0242) 2545200
Fau: (U3432)251473757 2546406
E-mail: registrar @admin.nitdap.acin

Website: www.nitdap.ac.im

NITD/Per_Sec/4P-917 Date- 14.03.2016

OIFICE. ORDER

As approved by the Competeut Authority, Professor Amar Nath Mullick. Departinent of Mechanical
Fngineericp has bean permitted to present o7 evaluate the viva-voee examination for awarding Ph.D

gz or st Avindaie Bit ar Jaday pur Universivy on [e' Varch 2046,

No financial support will be provided from the Institute for this purpose

,~:r s -
- - . e 7
HegUa | ,ITF‘ ] J.-x!/ 3} A

1] Director

2) Registrar

‘1) Deputy Registrar(F&A)

o) Asstt. Registrar( Internal Audit)

6) Head, Department ot Mechanical 1§ ngg.

, 71 Prof. Amar Nath Mullick, Departiment of Mechanical Engg,
) File copy

t{-

%: E;}//” l‘
Depu "If (i F.l!;%ablislmlcnt [
v X {f |

F
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Office

{0242)2548397

Fax: (0343) 2547375 / 2548753
E-mail. registrar @admin.nitdgp.ac.in
Website Www.nitdgp.ac.in

NATIONAL INSTITUTE OF TECHNOLOGY, DURGAPUR
MAHATMA GANDHI AVENUE, DURGAPUR-713209. West Bengal, INDIA

No. NITD/Estt’ HAG-faculty/2018

OFFICE ORDER

Dated:- April 24", 2018

Based on the recommendation of Anomaly Committee constituted for the purpose and subsequent
approval of the Board of Governors in its 49" Meeting held on 9" March. 2018. the AGP (Academic
Grade Pay) of the following faculty members of the Institute are hereby mapped from Rs.10,000/ to
Rs. 10,500/~ as mentioned against each within the purview of prescribed norms and instructions of
MHRD, Govt. of India with effect from the date of adoption by 49" BoG Meeting i.e. 09.03.2018.

| SL | Name of Faculty ‘Designation Department | Existing I Mapped to |
No. | | | AGP | AGP
1 | Prof. Sudip Chattopadhyay | Professor | Biotechnology | 210.000/~ | 2.10.500 -
2 | Prof. Apurba Dey ‘ Professor | Biotechnology | 210,000/~ | 2.10.500-
. 3 i Prof. Anup Kumar Sadhukhan | Professor I Chemical Engg. i 210,000/~ | Z.10,500/-
| 4 | Prof. Parimal Pal | Professor | Chemical Engg. 210,000/~ | 2.10,500/- |
|5 | Prof. Parthapratim Gupta | Professor | Chemical Engg. | 210,000/~ | Z.10.500/- ﬂi
ll 6 Prof. Tamal Mandal | Professor | Chemical Engg. | 210.000/- | %.10.500/- |
|7 | Prof K.C. Ghanta | Professor | Chemical Engg. | %10,000/- | %.10,500/- |
| 8 | Prof. B. P. Mukhopadhyay | Professor Chemistry 210,000/~ | 2.10.500/-
9 | Dr. Vijay Kumar Dwivedi | Professor | Civil Enge. | 210,000~ | Z.10,500/-
10 | Dr. Showmen Saha | Professor | CivilEngg. | %10,000/- | %.10.500/-
11 | Dr. S. Bhattacharyya Professor CivilEngg. | 210,000/~ | 10,500/
12 | Dr. Dilip Kr. Singha Roy Professor Civil Engg 210,000/~ | Z.10,500/-
13 | Dr. Amlan Das Professor Civil Engg 210,000/~ | Z.10,500/-
14 | Prof. Goutam Sanyal Professor CS5E 210,000/~ | 2.10,500/-
15 | Prof. Aniruddha Gangopadhyay Professor EER 710,000/~ | .10,500/-
16 | Prof S. Ghosh | Professor i Electrical Engg. | 210.,000/- | 2.10,500/-
17 | Prof.N. K. Roy " Professor | Electrical Engg. | 210.000/- | 2.10.500/- |
18 | Prof. Subrata Banerjee Professor | Electrical Engg. | 210.000/- | Z.10,500/- |
| 19 | Dr. Siddhartha Sankar Thakur . Professor | Electrical Engg. | 210.000/- | Z.10,500/-
! 20 | Prof Sakti Prasad Ghosal | Professor | Electrical Engg. | ?I0,0UU:"-! 2.10,500/- |
21 | Prof. A. K. Bhattacharya | Professor | ECE | 210,000~ | 2.10.500/- |
[ 2 !‘me Sumit Kundy ;. Professor | ECE ' Z10.000/- | 2.10.500/- I
| 23 | Prof. B. Maji | Professor | ECE 210,000/~ = 2.10,500- |
| 24 | Prof. Rowdra Ghatak | Professor | ECE | 210,000~ | 2.10,500/-
| 25 | Dr. Goutam Kr. Mahanti | Professor | ECE | 210000~ | %.10,500- |
L 26 | Prof. P. P. Sengupta Professor | HSS ' 210.000/-  Z.10,500/- I;

Page 1 of 2
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b 27 | Prof Mousumi Roy - Professor Ma;];%e_niem T10.000- | F.10.500
. | 125 o

| i = i | . A | e

, <& | Dr.Kajla Basu | Professor Mathematics 210,000/~ | ..10.500/-

| 29 | Prof Nilotpal Banerjee

Professor Mechanical Eng

ff]

210,000/~ | 2.10.500-

30 | Dr. Indrajit Basak

Professor | Mechanical Eng

I{Q

!
T

210,000/~ | 2.10,500 -

31 | Prof A.K. Saha

Professor | Mechanical Engg.

| 210,000/~ | 2.10.500 -

32 | Prof. Amar Nath Mullick

Professor | Mechanical Engg.

| 210,000/~ | 2.10.500 -

33 | Prof. Manik Ch. Majumder | Professor | Mechanical Engg. %10.000/- | 2.10.500 -
L34 | Prof. K. S. Ghosh | Professor MME | 210,000/~ | 2.10.500 -
|35 | Prof. A. K. Meikap | Professor | Physics 210.000/- | Z.10.500 -
L 36 f Prof. P. Kumbhakar i Professor Physics 210.000/- | 2.10.500 -

Registrar (I/C)

Copy forwarded for information to:-
1. Director

. All Deans and HOD

- Concerned Faculty Members

. Dy. Reg. (F&A)

. Asstt. Reg. (1.A.)

. Director Secretariate

. Registrar Secretariate

. File Copy
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