












MEMORANDUM OF LINDERSTANDING

BETWEEN

INSTITUTE FOR PLASMA RESEARCH
GANDHINAGAR, GUJARAT -382 428

ANID

ST. JOSEPH ENGNEERING COLLEGE
MANGALORE, KARNATAKA -57 5 028

FOR

..DESIGN, DEVELOPMENT AND OPTIMIZATION OF

METAL HYDRIDE BEDS FOR HYDROGEN ISOTOPES

STORAGE AND TRANSPORTATION"

MAY 2016



I.O PREAMBLE

Institute for Plasma Research (IPR), Gandhinagar, lndia is currently involved in the design
and development of tritium breeding blanket technologies for future fusion reactor systems.
Tritium Extraction System (TES) is one of the most important ancillary systems of a fusion
fuel cycle technologies for a fusion reactor. Tritium bred in blanket is extracted by low
presstue helium purge gas. The extracted tritium is recovered by Tritium Removal System
(TRS). This recovered tritium is then stored in getter beds (metal hydride beds) and utilized
for fuelling back into the reactor.

St Joseph Engineering College (SJEC), Mangalore, is affiliated to Visvesvaraya
Technological University, Belgaum, Karnatak4 is recognised by the All India Council for
Technical Education (AICTE), New Delhi. Prof Purushothama Chippar from SJEC has
extensive experience in developing numerical models for electrochemical systems. He has
developed multidimensional, multi-phase models for various types of fuel cells. His expertise
also includes designing and developing of metal hydride based hydrogen isotope storage
systems.

In this context, SJEC agreed to take up the work to design, develop and optimize metal
hydride vessels for hydrogen isotopes storage under the Mou entitled,

66DESIGN, DEVELOPMENT AND OPTIMIZATION OF METAL TTYDRIDE BEDS
FOR HYDROGEN ISOTOPES STORAGE AND TRANSPORTATION"

The main objective of the work is to conduct numerical and experimental study on metal
hydride (MH) based hydrogen storage systems. Firstly, a multi-dimensional, unsteady, non-
isothermal mathematical model rigorously accounting for the reaction kinetics and heat &
mass transfer mechanisms during the hydrogen absorption and desorption processes in MH
storage system will be developed. Then the model will be validated against available
experimental data in the literature, result analysis (understanding parameters, such as
temperature evolution, HA4 atomic ratio, hydrogen velocity, equilibrium pressure etc., and
resulting heat & mass transfer phenomena in MH vessels) and suggesting appropriate metal
material and optimizing 4ne vessel design/operating conditionVcooling systems to obtain
favourable hydrogen absorption/desorption behaviour will be performed. From these
simulation results, next step is to design, fabricate and test the MH vessel. Performance
(storage capacity and storage time) studies will be carried out by varying the supply pressure
and the cooling,&eating temperature of the hydride bed. Further, the mathematical model will
be used to explore the feasibility to store tritium.

2.0 Scope of work

Ttiis project involves development of mathematical model for storage of hydrogen isotopes in
the form of metal hydride beds, validation of the model and development of metal hydride
design to perform R&D experiments. The complete scope defined in this MoU will be
performed by SJEC. The details of the scope of work are given below:

of modelling and simulations tools will be executed by SJECThe development
the technical requirements for the MH beds provided by IPR.



The results generated.from the project^will be the joint properfy of IpR and 5JEC. However,neither party will assign any rights of the intellectual property to a third parry without theexplicit written consent of ttre oth.. pu.ty.

sJEC may publish the academic results arising from the project subject to written consentfrom IPR and vice versa.

7.0 AMENDMENTS TO THE AGREEMENT

No amendments or modification of this agreement shall be valid unless the same is made inwriting by both the parties' authorized refresentative and specifically stating the same to bean amendment to this agreement. The modifications/changes shall be effective from the dateon which they are made/ executed, unless ottrerwise ag..a to.

8.0 ARBITRATION

Except as herein before provided, all disputes, arising out of or in connection with thisagreement' shall be referred to the sole arbitration of u p".ron to be nominated by Director,SJEC and Director' IPR' The award of the Arbi,;; riuir u. final and uinaing on the parties.The Arbitrator may, from time to time, with the consent of the parties, enlarge the scope andtime for making and publishing the award.

9.0 LIABILITY CLAUSE

In all actions taken under and in accordance with this Agreement, each party hereto agrees tobe responsible and assume liability for it, oy, *;"gfui or negligent acts or omissions, andagrees to indemnify and hold the oiher rarry harmlesJfro.n -y such liabiliry.

1().O KEY PERSONNEL

l:f?** 
personnel form both SJEC and IPR will be responsible in carrying out the project

(1) Prof purushothaina chippar (project Investigator, SJEC)(2) Dr Amit Sircar (project boorAinaior, IpR) 
--e----

(3) Mr E Rajendra Kumar (Member, IpR)(4) Mr Swaraj D Lewis, ph.D. Student, SJEC(5) Mr Sudhir Rai (Engineer, IpR)
(6) Ms V. Gayathri Devi (Engineer, IpR)

I I.O. SCHEDULE

I hIS memorandum shall enter into force on the date of signature, being effective until nvoyears from this date' in the event of the parties, desiring to e*tend the effictive period, it maybe extended after mutual consultation and agreement. 
v^re,Lr trrs clr'stlv

*'i}r",:l 
under the MoU shall be endeavoured to be completed as per project schedules given



(

The above dates cover a period of 2 years from the start of the project. Timelines will
shift forward with respect to starting date"

I2.O FINANCIAL AGREEMENT/ MODE OF PAYMENT

l2.l The total project cost to be paid to SJEC for carrying out work under the scope of this
agreement is { 13,50.000/- (Rupees thirteen lakh fifty thousand only), Applicable service tax
will be reimbursed by IPR.

12.2 Mode of payment shall be as follows:

(i) The amount of 30% of the total project cost (< 4.05 Lakhs) shall be paid in advance .=.
at the time of signing of the MoU against bank guarantee of equivalent amount valid
up to the completion of the project.

(ii) The second payment of ( 4.05 Lakhs shall be paid after five months against
submission of the report on the three dimensional metal hydride model for hydrogen
storage (accounting for the reaction kinetics and heat & mass transfer mechanisms
during absorption and desorption) and basic simulation results.

(iii) The third payment of < 2.70 Lakhs shall be paid against submission of report on
validation of metal hydride model .for hydrogen storage against available
experimental data in the literature and modifying the metal hydride model for
deuterium/tritium storage.

(iv) The fourth and final payment of 7 2.70 Lakhs shall be discussed and finalized by
PRC on the completion of the project.

All the payments will be subject to Tax deduction as per Section l94J of lncome Tax Act.
SJEC will have to provide their PAN Number. Payment will be released directly to Oriental
Bank of Commerce. Vamanjoor Branch, Mangalore-575028, Account No. 10792191000057
with IFSC Code ORBC0 i 00966, Name of account holder : Principal, St. Joseph Engineering
College, Mangalore.

I3.O TERMINATION OF MOU

IPR may at any time after three (3) months written notice, terminate the work in whole or in
part by requiring to discontinue the performance of any or all of the services or work
mentioned herein, in which case SJEC shall have no claim against IPR by reasons of such
termination, except that IPR shall pay to SJEC all amounts due limited to progress of work by
SJEC personnel and other expenses incurred, if any, during the notice period but IPR shall
not be liable to pay any bonus, damages or other claims of SJEC for loss of expected profit or
interest on the incomplete portions of the work.

Similarly, SJEC may at any time after three (3) months written notice, terminate the
assignment in whole or in part and discontinue the performance of any or all of the services
as mentioned herein, in which case IPR shall have no claims against SJEC by reasons of such
termination.

This memorandum shall enter into force on the date of signature, being

refALi.:T ^'^1' Yl 1' f_Tl :t t'lTs to e xtend th e e frect i ve . p e ri o d,
effective un
it may be



This MoU shall be solely based on the terms and conditions agreed to between IpR and SJEC
and no amendment thereof shall take effect unless such ariendment is authorized bv the
concerned chief executives of both the parties.

This MoU will be eflective fiom the date of signing for 2 years. MoU can be extended by
written agreement of both the parties.
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Director,
St Joseph College,
Mangalore

Name: Rev Fr Joseph Lobo

DIRECTOR
ST .,OSEPH ENGiNEERING COLLEGE
TA$ANJOCR, IIIAT.IGALORE -

KARNATAKA. II.IDIA

:,..SAe"a,
Institute for Plasma Research,
Gandhinagar (IPR)

Name: Prof Dhiraj Bora

Date: IYJav 0L. "xOI6

. Prof. Dhiraj Bora
Dri-zutcr,
lnstitute for Plasma Research
Nr lndira Bridge, Bhat,
GAi\.i D H I NAGAR.382 428.
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