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shail unless context does not =dmit, includes its succassors and assigns! on the one
part and Presigemt o o= =—ig through and represented by Dirscior, o=
Propulsion Systems Cenir= &7 in after called LPSC, shall include iis sucCCessaTs
and assigns), Government of India, Department of Space, Trivandrum-695 547 on
the other part.

2. OBJECTIVE & SCOPE
The flow througn the L, wrbme is highly complex due to its infierem unsteadimess
and three dimensionalities. The prediction of flow characteristics becomes more
troublesome as it contains heat transfer effects too.

The objective of the present work is to carry out a coupled flow and heat
transfer analysis of LH; turbine stage for prediction of performance of the
turbine and temperature distribution in the turbine stage The analysis is
intended to provide the following results.

o Velocity distribution

. Pressure distribution

) Temperature distributions in fluid and solid regions

. Density distribution

. Mass flow rate
. Mach number distribution
. Flow angles

» Blade loading diagram

The work is planned to have three parts to be performed simultaneously

o Analysis of flow and heat transfer through turbine blade passage. A steady state
solution through turbine blade passage by considering single blade rows of each
stage is sought.

« Analysis of the heat conduction through the turbine geometry up to the last
stages disc and some portion of the shaft.

. Estimation of the heat transfer to the leakage flow over the rotating shaft and

rotating disc including the complicated passage.
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in orger o aThEss T goals of the present project, the Coliege of Encresr—g (CET)
team shall conguct analysis and simulation works, while the !SRO s == provide the
required input data for the analysis and validation of the computed results. It is
planned that the present project work should disclose the fluid and thermal
characteristics of the LH, passing through the turbine stages.

3. RESPONSIBILITY
i) Responsibility of LPSC

LPSC is responsible for the supply of technical data regarding the initial fluid

conditions, basic configuration and necessary drawings.

LPSC shall also provide necessary clarifications on input data as and when
called for and also communicate to CET. The updated information during the

currency of this agreement is necessitated by any revision of specifications.

LPSC shall participate through out the tenure of this development and validation
of the software. This will enable LPSC to successfully operate the computational

model for future applications.

Shri. M.S. Suresh, Head, TPEC/LPE & Shri. J.C. Pisharady, Engineer SF,
PRD/PRS will be the focal points from LPSC.

ii) Responsibility of CET

CET shall be responsible for developing the computational model using
professional software, which is capable and predict conjugate heat transfer

analysis of LH; turbine stage as detailed under the scope of the Agreement.

CET shall be responsible for providing the simulation model with necessary case
and data files to run the model using the professional software and thermal

analysis results to LPSC with detailed documentation containing methodology,
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Dr. S.Anil Lal, Assistant Professor, Department of Mechanical Engineering, CET

will be the focal point from CET.
4. VALIDITY OF THE AGREEMENT

This agreement is valid for a period of 18 months from the date of signing and is

extendable if necessary for another one year with mutual consent.
5. WORK ARRANGEMENT

The following work packages are identified with Dr.S Anil Lal & Dr.Krishnakumar,
Assistant Professors and Dr.G.Rajesh & Mr.K.S.Santhosh, Lecturers to carry out the

activities in parallel.
i) Literature survey & suitable correlations to be adopted
i) Development of the computational model using the professional software
iii) Analysis of results for various components

6. DELIVERABLES

6.1 CET shall supply the computational model, which is capable of simulating the
flow field and capture the required data through the conjugate heat transfer analysis
of the LH, turbine stage. The computational model should be able to be run using the

professional software in work stations.

6.2 CET shall supply three copies of documents containing all the details of

computational procedure, assumptions made and the results and analysis
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8. FINANICIAL AGREEMENT

a_ The total cost for the study as estimated and agreed upon by CET and LPSC is
Rs 9,28,125/- the detailed break up of which is given in Annexure-l. This amount
includes study services/consuftarcy charges, <ost of computers, computer
time/cost and College technical facilities usage/cost, working expense (devices,

materials, travel expenses, other consumables etc) and institution over heads.

b. LPSC shall make an advance payment of Rs 5.00 lakhs out of the total cost of
the study within 20 days of on signing of the MOU against submission of pre-
receipted bill /Performa invoice by CET and the balance amount with service tax
and additional tax prevailing at that time shall be paid within 30 days after the
completion of the MOU.

c. All payments to CET shall be made in the form of Demand Draft drawn in favour
of COLLEGE OF ENGINEERING and shall be sent to the Principal, College of

Engineering Trivandrum.

d. The bills relating to the MOU shall be raised in the name of Accounts Officer,

LPSC, Valiamala, Thiruvananthapuram.
9. SETTLEMENT OF DISPUTES

Difference of opinion, if any, arising during the currency of this agreement will be settled
on the basis of mutual consultation. In the event of any unresolved dispute, both parties
hereby agree to refer the matter under the dispute for joint resolution by Director, LPSC
and Principal, College of Engineering, Trivandrum. Should a dispute nevertheless
persists, Director, LPSC and Principal, CET shall by mutual consent, refer the matter
for arbitration in accordance with government Instruction. Performance under this

agreement shall, however, continue during the arbitration, proceeding and the payment




the implementation of this agreement, will be treated as CONFIDENTIAL and will not be
disclosed to any other party or otherwise made public without prior permission of LPSC.
This provision shall not however, apply to the technical information and data, which are

part of public domain as of the effective date of this agreement.
12. INTELLECTUAL PROPERTY RIGHTS

The results obtained during the course of execution of this MOU will be exclusive
property of LPSC/ISRO

13.EXERCISING AUTHORITY

Any/all instructions or notices which are to be given to and for any acts authorized or
required to be done under or in consequence of these conditions by LPSC may be done
by the nominees of Director, LPSC in this case Shri.M.S Suresh, Head, TPEC/LPE &
Shri.J.C.Pisharady, Engineer SF,PRD/PRS of LPSC and CET shall accept only the

instruction so given.









