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There must be
very few R&D
= establishments in
the world capable
of both designing
and fabricating an
aircraft under one roof. Or,
indeed, of writing a weather

prediction software and then
building a customized parallel

supercomputer to run it optimally.

That's what makes NAL a very
special place. We are involved in
R&D activity that encompasses
practically every facet of
aerospace. We design control
laws for the highly unstable Tejas
aircraft, we engineer radomes to
protect airborne and ground-
based electronic equipment, we
investigate aircraft accidents, we
pioneer the use of composites in
aircraft structures ... we even
redesign the shape of intercity
buses to achieve very significant
fuel savings.

| have therefore great pleasure in
presenting this booklet, compiled
from exhibits prepared for the
CSIR Directors’ Conference in
August 2004, that lists 34 of
NALs most diverse and multi-
faceted R&D programmes and
achievements.
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SARAS is a multi role transport aircraft; HANSA
is an all-composite trainer.

The NAL mission

Technology is our core vehicle

MAL's mandats

sith o strc wce content, design -::|n|:|._l_.'

and medium - sized civil alreralt. and I-I)Ej;i‘;ﬁ_'ajf

national aarospaca programimes

NAL successfully addressed this complex flow
phenomena with carefully planned experiments
at low speeds and data analysis.

CFD analysis for Tejas.

Quality solutions fo prob
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Civil

is airborne

-~ A milestone in Indian civil aviation

Mal s mullirale l!:'|r|I Iransaort alreralt, SARAS. Kad I8
maidan flight on 29 May 2004. The aircraft took off aof

15 am. and flew for over gbout 25 minutes. 5

the firs! civilion aircraft designed apd dev

The first flight was smooth and uneventful in
moderately cloudy and windy conditions.

The test pilots, Sqn Ldr Venugopal and Wg Cdr
Makker, after the first flight.
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SARAS has a Pratt & Whitney power plant.

P&WC PT6A-66 engine.

SARAS has been designed for many roles: executive transport, light
package carrier, remote sensing, air ambulance etc.

The many possible roles of SARAS.

TR AT s I I111 LI

Lunuriows aeaculive oircrall 14 saotar commudnr aircraft
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The HANSA success

The all-composite aircraft is
I—H',rlng at four Indian flying clubs —

HAMSA Is India’s first all-com poiite alrocraft ideally
sltuated for ab Initio fralning, The i S LAERTT,
certified in February 2000, Seven aircraft are currently

thying Im Indiamn

HANSA has a neat cockpit with good
visibility,dual controls with excellent
control harmony and is rugged,
operationally cost effective and easy to
maintain.

HANSA flying near Jakkur airport.

The HANSA aircraft have together

flown over 2000 hours without any -_'---: ' L Sy
unexpected event. e prmitinr P .'.';.-f,'-:..h el

bt ks P R Tl | P

Details of HANSA’s flying record S L TS e

ason 15.8.2004.

HANSA is lightning
protected and certified for
day/night flying by DGCA
under FAR-23.

The HANSA aircraft built
by NAL over the years.




Development of powered
hang glider

Inculcating air-mindedness among
the general public

Woea 1o aviation enthiusicsts, ang 1rain the
mare sarious anthusiast on how o cantral o |'|'.-'|="I"-_: vanic

Both gliders operate on the 'welght shift contral’ principle

and have Tla)

‘Altair’ is a single seater powered
hang glider with a maximum air
speed of 80 km/h and a maximum all
up weight of 185 kg.

Altair is inexpensive to operate and
has proved to be a useful vehicle for
ilight experiments.

Clipper is a heavy duty powered hang
glider particularly suited for conducting
training with two people on board. The
glider has a maximum speed of 100 km/h
and a maximum all up weight of 360 kg.

Clipper has been especially useful for
aerial photography and cartography.
Because it flies at lower speeds and at
lower altitudes it is ideal for aerial
spraying and other such applications.




Radio-controlled BLIMP

Ilnnovative development of
 lighter-than-air vehicle systems

MAL hos undertaoksan o wide variety of studies and
experimeants with agrostot systems In partnershlp
with ADROE, .-"'.-:'=_:||:| [hesea Ii!_:|"|h::r-r|'|r:: m-air yehic|a
systems are low cost, have long endurancs, viabla

saocletTal applications and can be used as platiarms Tor

NAL has supported the development of
aerostat systems through aerodynamic
studies, tethered systems, equilibrium
studies, development of flat pattern
fabrication drawings and flight
experiments.

250 m?aerostat flight trials at Agra in
2002.

NALs contributions include: aerodynamic model,
structural analysis, power plant integration, empennage
installation, thrust vectoring mechanism, control law for

RC prototype, simulation of dynamic model, payload —

and instrumentation.
Contributions to the design of the RC Blimp.

=y sy
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Blimps are especially useful for transporting food,
for traffic surveillance, advertising and even joy
rides!

" dar reilaae
- Famymaruis

[T ]
Bini

R Blimp assembly.
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The avionics challenge

Ensuring o safe touchdown

AVRA |5 a last .'_1-:_'Iir'|H accurate inslfuomant! thal
autromancally meosura:s and r'-—_'.':--:'r'.-'. the ransay wisual

AFC cal optical range.

NALs Automatic Visual Range Assesser (AVRA)
forewarns incoming pilots about the runway
visibility and helps them decide if they should land
or divert the aircraft. More sophisticated AVRA
systems are being developed for the Indian Navy.

AVRA installed at Bangalore airport. AVRA’s have
also been installed at Chennai and Kochi airports
and will be positioned at Indian Navy bases

The micro-controller based smart fatigue meter is for
use in military aircraft. It is powered by the aircraft
power unit and has a built-in accelerometer to sense
the change in ‘g’ levels.

The new smart fatigue meter

/7 Allractive producls for the civil

avialion induslry




The SARAS avionics adventur:

Admirable success in electronics
and instrumentation

MAL has intTegrated @ contemparary avionics sulte for the
SARAS Alreral! meatin o all per fTarmance and salely
cartification reguirements. MAL has also designed and

developead sortware for g stall warning system

Nearly 4500 tests were
conducted to declare the
SARAS avionics suite to
be fully functional.

SARAS flight displays.

The SARAS avionics
suite is fully digital and
conforms to FAR 25
specifications.

SARAS controls on
central pedestal.

e :,_T|'I|',|g o vt r -;.."_ll'.'l-|"
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Two Initiatives In

electronics

Towards safer and more
comfortable Hvlng

MAL has developed o software solution to moanitar tha
fying permormance of alrcralr and alert alrlines about fThe
guality of thair flight opearations, MAL is alss using aclive

dasign Quier alrcrarl cabins
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Typical printouts from NAL's FOQA software for
flight operations quality assurance.

bl A | L
DSP processor and electronics for active noise
control.
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Controlling the Tejas aircraft

Studying the dynamics of
unstable flight
£ SRSt

Lika all moadern fighter aircraltplndia

unstable. NAL has led the notional fteam that devsloped

reql-fime Tight contralsaftware far [ejas NAL ROSOIsc
i & :__1||i' ~anl & ributions in Tajas '1|-:;-rJ£-II|r|-:ﬂ' and

simulation

Comftrol Low Schamaotic

II.-|—|.-:r"""""I |-l|.-|'
|
s g

._n.__. i - ___.,-l-'-""'-' [T———
i7 Landig. @ B
e -
. _—— B oo Vi 1
"-I'.-__ e I
- T The basic concepts of aircraft control laws.

The Tejas control laws have so far performed
extremely well.

Estimation techniques have been developed to obtain
Tejas stability and control derivatives and evaluate
flight handling qualities.

TR 1ECTs

- L -
L.z i
Fr = 1 -
— = it
o e The ELS simulator. The simulated and actual
m P Tejas flight trajectories compare very well.
_.__: . - NAL developed an engineer-in-the-loop (ELS)
o flight simulator to facilitate Tejas design.
s

Parameter estimation of Tejas from
large amplitude manoeuvres.

Param sy Forimpiers of LTh
Frmm Largn by e -

SUppart

NMolable confribultions in helping

fhe Fejas fly

1
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Composite structures for Tejas

Forty per cent of the Tejas airframe
is fabricated at NAL

1 vary ottroctive optiain alreraft

Couse they aralightar thon matal ond just s
haos pioneerad the development and fabricatior
[UCTUres Tor the -|'.='|:'JF. (LCAY alrcratt us ng very
1 casdt-affactive SJbrication Techndaldo

curing co-bonding fechnigue

NAL fabricates wing spars, fairings and fairing

blocks, fin, rudder, centre fuselage and the il = #
landing gear door of the Tejas. J— : _____—-_ 5
The Tejas airframe is 90% composite, NAL E o = B
contributes 40%. >

The principal advantage of NAL's co-curing technology is the integration
of a number of subcomponents into a single component. This ensures
superior structural integrity, elimination of stress concentration due to
drilling and a shorter assembly cycle.

Closed structures of Tejas components realised by co-curing.

7 Remarkable sirides In composile
I

"' i fechnelo gy gevelopmen! for

agircrafll strucifures




Design studies on Kaveri
engine for Tejas

Supporting the national effort to

develop an aerocengine

JAaL has studiad aveary kay omponant of tha Kavari
angina to help evaluate the engina's suitability for the

Telos alrcraf

A typical investigation involves analytical and
computational analysis followed by experiments

to confirm the findings.

Typical afterburner flame
viewed end on.

Development of distortion
screen for the Kaveri
engine ground testing.

Improvement of stall margin
(Widening of stable operating range).
; Squeeze film damper

optimization.

= — o
= Advanced transonic blade design. \\\
g

Typical temperature field in the combustor I
predicted by CFD analysis. Eifect of trailing edge i
ejection on profile losses.

ot o =

—= Typical flow field (Mach number contours) in Nozzle guide vane and rotor
the 3-stage fan predicted by CFD analysis. film cooling studies.

T

o
)
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right thrust

Ensuring the
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The CFD advantage

Examples of aerospace applications

wputfational Tluld dynam

vehicles such as aircraft (in particular

SARASLS gnd Te|as), launch vehlcles and missiles

Reynolds-averaged computations (RANS)

have been carried out on the inlet

! - aerodynamics of a hypersonic research
':- vehicle (HRV).

Density contours at the different inlet
sections of the HRV.

Euler computations were undertaken for
the pressure contours of the
geostationary satellite launch vehicle

Pressure contours on GSLV.

k:" Computations on the full SARAS aircraft with
B side slip.

Contours on the surface and the cross section
across the wing and fuselage.

..,...nﬁ:%

RANS computations of flow past Tejas.

Streamlines indicating flow on Tejas at transonic
Mach number and high angle of attack.

FMranscending the different Now

IR gercspoce




Flosolver and FloSwitch

Harnessing the power of
parallel computing

]

Mal Dullt India’s first p = ymiputaer in o8 FII:';l'I-fE'EI'I
years larter, the advaniure continues! ACustornizsmesontiie |
suparcompuler for numearical wadlther SEEEE o FRIEmChS

xaing built under the MNMITLI programme

Meteorological computing is so

computationally challenging that
only parallel supercomputers can
do the job.

32 processor Flosolver Mk6.

When parallel computers are used
for met computing no appreciable
scale-up is seen beyond four
processors. The FloSwitch holds the
promise of linear scale-ups even for
32 0r more processors.

FloSwitch with optical interconnect.

i



NAL and India's Space
Programme

A very fruitful association

it uzad to gualify all ISRC sat
. has been actively invalved In wind

tunne aeroalastic testing of all lounch'yen|cles

Highly polished aluminlum mirrors weara bullt to halp |15

get good sarellite plciures

Satellites and launch vehicles are subjected
to the high intensity acoustic environment
experienced during launch and transonic flight.

Acoustic test facility

To get razor-sharp pictures from space, INSAT
satellites use an infra-red detector. This detector
functions best when its temperature is maintained at
105 deg K. NAL used surface modification
techniques to make four highly polished aluminium
mirrors to help maintain the optimum detector
temperature.

——
Passive radiative cooler with the four polished mirrors.

fhe sky I's the limil in I5RO-NA

Joperaltion

16
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1.2m trisonic wind tunnel

Performing splendidly for 4/ yeors

NALs trisonic wind tunnel was planned around
1960 when the country didn’t have a single
aerospace programme!

Trisonic wind tunnel.

The roll damping rig employs the steady roll
technique in which a model is rotated at a series of
constant roll rates.

Roll damping rig.

The wind tunnel has been extensively used
for studies on the Tejas aircraft, launch

Yy g - vehicles and missiles.

Flow visualization.

-

The 1.2m tunnel has completed g _-__—-—I
30,000 blowdowns on 15.8.2004. —= =k

Tunnel schematic.
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Fullscale airframe testing

Extending the service life ol
agircraftr structures

Alrcratt In service are constantly sublected o rII.JC;IuI'
loods of varving @rity, leading o alrfno s T-n1‘|- .
MAL's well-planned fullscale fatigus fast EEeH SRS
inputs that can lead to o subsfanticl lnn{q}'_h':ﬁi In the

atrucTural lite SiFfiames. STanc rasruru;! aft ulrtrq

The fullscale fatigue test facility
subjects airframes to a load
environment history that closely
simulates the actual service
experience.

MiG-21 airframe testing.

Several innovative schemes were evolved for the
structural testing of the SARAS aircraft.

Test set up of SARAS fuselage.

A test rig has been specially designed for
static testing of airframe components at
suitable locations till the ulitimate design
load is reached.

Static test of HANSA wing.




Testing aerospace structures

Mastering the art and science oF
dynamic qualification tests

1 the garodynaomics ot
[ '|'.rl|.-.| mics daroalasticity™] |:.| ITh :".'|_||;| EE'IE
such as alrcraft and lagunch vehilcss SR

carafully o anture The sUCCEISE

Aeroelastic testing of the PSLV, GSLV launch
vehicles and the Tejas aircraft.




The SARAS spin-off

Impressive capability in full
gircralt testing

¢ attractive spin-off of the SARAS developm =1

3 NOwW [ 1 To emerge s Indlia'sle

agancy in de -:_'-I:_':[_'-ir'u; civilian aifcralt. Tha R

has provided NAL with the I-:ru:n'.-.'ledga

SARAS engine running on test bed and engine test
on the aircraft.

An engine test rig was designed and built to
test the SARAS engine with its propeller. A
hydraulic system test rig was also
commissioned for system functionality and
endurance tests.

Hydraulic system test rig.

The SARAS programme has helped NAL
forge valuable partnerships with the
aeronautical industry.

Fuel system testing at HAL.




Advanced flow diagnostics

Understanding complex flows

davalopad @ noval présiure maasuram
prassura sansitive paints (PSP},

 afso used algital particie image velooimeatry

(DPIV) 1o measure The velocity field of an alliprie

The PIV system uses a Nd-YaG 400mJ
double pulsed laser, a cross-correlation
CCD camera and image processing
software.

Stereo particle image velocimetry
measurements in an elliptic jet.

-

0

=
T

The PSP-based pressure measurement system —
consists of a specially designed UV L [D
illumination source, two slow scan CCD a

cameras, image processing software and a B

compact apparatus for accurate calibration of

PSP samples. ) | : |

Aircraft model surface pressure distribution | ,_1:_
obtained using pressure sensitive paint
technique.

AT OA L

Experiimental
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Finite element techniques

Studying loads and

FE techniguas have also been emp

aircraft

analysla of @aerostals and radomes

Integrated stress analysis of the SARAS wings with
flaps and ailerons.

Displacement contours of the flaps with the wing
shroud to study flap interference.

Cmsrs Deas
Impact analysis studies on the SARAS aircraft

were undertaken, including bird strike
simulation on the vertical tail, with a 8 pound

bird at a speed of 120 m/s, and damage |
analysis on the SARAS propeller blade. L gl |
e T & el ]

Impact analysis studies on SARAS.

A dedicated FEA of the RC-Blimp structure was
carried out for both the flight and landing load
cases.

Principal stress contours on the RC-Blimp while
flying and landing.




The CFD mirror

Tools to understand and explain
flows in engineering applications

MNAL has extensively used high perfformance computars

to study the behaviour of complex englnaering floy

applical|or anning hellcoptars. alrcratt

undaerwaiar bodias.

Vertical supersonic flow over a slender body at high
angle of attack.

A R R e

Panel coding to design the HANSA wing body gl dhine
junction.

Surface pressure contours for
turbulent flow around torpedo.

BY
w

Turbulent flow around aerostat — ’
balloons. - -

fSurface pressure contours for
flow past slip hull.

Undersfanding complex fflow behaviour

23



Simulatio

n of aeroengine

components

CFD speeds up things

Computational fluld o

2 =

ynomics (CFLD ) Isanow Tt |-L;"F::-| lj:“ﬂ

raule fo '_1s_|-_::-;__1|'. complax r_:|;'-rr_'.;_'|';:'|ir|-'_-' COMmMpoang

Uiy wsed R0

to evaluafetthe m—rlu

furbbine combustors and furbomachinery

| =
e

The flow field in the gas turbine combustor.

Flow patterns in a cascade, an
axial flow compressor and a
centrifugal compressor have

also been studied using CFD.

Flow over a cascade blade.

P |
L

NAL has carried out hot flow analysis in a typical gas
turbine combustor using a general purpose CFD code.

CAD model of a combustor sector.

Mach number contours in
an axial flow compressor.

Flow fields in a centrifugal compressor
blade passage.

/ | Understanding what happens fnside an

"

24
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Smart materials for smart
structural applications

Exploiting the shape memory effec

¢ attroctive candidales s
sr appllcations In the
ace sector. MAL I developinghawide Yarlary o
smart materials undar the MNatlonal Programmea on

Smart Materials |

Smart shape memory alloy (SMA) exist in two different shapes above
and below a critical transformation temperature. A switch in
temperature will therefore result in a change in shape or, if this change
in shape is prevented, in a force.

NAL has the infrastructure to carry out R&D for wire products.

NAL is producing a broad
range of smart materials by
wet chemical routes.

(1L
&Y

L3388 R
qRdrRsr
118%3%%
YT LLLL
R 1L S S

£ . : . : =
’ Piezo smart material strips
L W
e and stack. -
=1]
=y
E NAL is involved in the development of active flutter control
— mechanisms and rudder models with SMA actuators.
e . .
=T - Smart aeroelastic wing model
-" with active control surface;
and a SMA-actuated rudder
'_. model.
-
=
LA
=

in gerospagce, /i pays o oe smari
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Two new composite
technologies

Adding more value to our capabilities

‘orking on fwo excifing Ideos |f"l'l||'l:l|'i|lﬂﬂ
fructures, The Tirst s o embed sansors in
cgarpon-epody compoasites that will SCominEousy monitor 1t he
wealth of the structure, The second BRSS! stitching

technnique I la-inforce sifuciures with weok -:-_:-...-r-;;ﬂ._‘__

D apartiag

Test box undergoing static testing.

Lh o= v L NIt Qi }

PC to decode bonding data.

A test box was designed and fabricated to test the
health monitoring system. To simulate debonding, a
certain numbers of bolts were removed from a
‘healthy’ box. The decoded data from the ‘healthy’
and ‘unhealthy’ boxes agrees well with finite element
prediction.

Conventional laminated composite structures
often have weak out-of-plane properties. NALS
new stitching technology provides
reinforcement in the third direction.

NAL's new stitching machine with a workspace

volume of 6000 mm x 3600 mm x 1150 mm -
large enough to accommodate the Tejas wing.

A feadain g na Hangl pla yer (n aifwor rhy

gite sfiructures




Supersonic combustion

Propelling caerospace vehicles

vanced flight vehicles will'in futdre fiy ab Geerson|
15 using special engines called s

:cramjeis. AL
erisfully dev@loped rthe vitallfElllceal technology
Tul=]e als al fuparson

taround L kmisec) in such anginss:

Cavity based strut combustor.

Scramjet and other ramjet derivatives.

Kerosene/hydrogen flame
(subsonic/supersonic combustion).

Keeping the flame aligh! in @ hurrfcane

27



Understanding radomes

A formidable technological
challenge

Radomes, that protect the antennae or reflaciois GEIMEIENS
Ll

ar lnstallations, are critical ir Oerosipace, lefE'I'h:ﬂ. '—"""
mataeorlogical and caommunications |j|;:!|';:rl|cpr|.|;::-1'|ﬂ.. MNAL I5 Ndw

an established national playear in the Indigentous d&avs S

rMgomes

Radome development is highly inter-disciplinary: The R&D
challenges are in the areas of electromagnetic design, structural and
CFD analysis, material characterization, mechanical design and in
devising innovative composite fabrication techniques.

Electromagnetic design and analysis of radomes.

e ol
L
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—
-'___'.-E
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—\._\l____,-
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. | \ | ™=, |
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....l T LTE .|I. | Surface pressure contours for turbulent
e " = =a o wO B s i (=]
i) R T Ty e — flow past a DWR radome.
r
-
=
-
-
[ .
~ Stress analysis on a radome shell.
=
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Engineering radomes

Protecting sophisticated
electronic equipment

alled g |large nUumBeEr o
1o wdariaty of applicatians,
roorne and ground-bosed FOSGEESSNave Caan

ricated lnan activity sponning alimast threse detE

A very large (12.88 m) Doppler weather radar radome has been
installed for ISRO at Shar, Sriharikota.

12.88 DWR radome to protect cyclone warning radar.

Schematic of the Mark-2 version of the DWR
radome with fewer (and larger) panels.

NAL has built nose radomes to protect the SARAS
weather radar and the Jaguar’s fire control system.

Nose radomes for the SARAS and Jaguar aircraft.

Development of a variable thickness radome
for a strategic application.

Ceramic radome for a DRDL missile project.

/7

Ensuring thal there is no chink in the armour

A
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Compoesites Technoeloay

Design and development
of autoclaves

Engineering a marvel

1 To manufacture omworfny :Dﬁ'll:-:lﬁi*'El'
—omponents undar suliaple setlings of pPressura,; woc ooim

and Temeg wure, MAL now hos -:::||'_:h.l'ul.jw'ﬂﬂ-;]E-:: oD oty
m Buillding Lar ge compulere artialled ablociay aes wilh

rme ossocliared '.-.L.I:!'E':."Er—f'r"lﬁ

NAL has built one of the largest autoclaves in the world with innovative
features such as a Davit arm suspended quick-lock safe door mechanism and
an advanced control strategy.

The 4m x 8m autoclave handed over to HAL in 2002.




Repairing aircraft structures

The technology of curing

23 Innagvative bonding rechniques Torapals
and compasite Qlrcralt StrusTures: A porfoble
intraller has bean devaloped 1o repdilr

aft sfructures on the alrrrefc fTse !t

A damaged part is examined visually and by NDT
techniques to determine if repair is feasible. If yes, a
repair scheme — involving the design of a patch and

joint — is finalized and repair implementation, by
adhesive bonding or mechanical fastening, is
completed. The repair is then validated by NDT before
final acceptance and certification.

Damaged radome and fin repaired.

The portable PC based system for in situ
bonded repair of aircraft structures is
rugged, has MIMO adaptive PID control to

| maintain job temperature uniformity and
appropriate accompanying software. The
entire system, except the heaters, works on a
single PC adapter.

Cure controller for bonded repair.

Wide experience in tepairing

agircroflf structures




Alrcraft accidents

Asking why

Kanishka wreckage retrieved from the
Atlantic Ocean.

Parts of the wreckage of a fighter
aircraft following a mid-air explosion.

NMclvels

NEERRE

The belly landing at Madras.

.,
(g

Ensuring thao

from fhe
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The NALSUN technology

Solar energy for water heating

MALSUMN is a room fempearature black chﬁ:_rrn-T
bath for coating flaf plote cellectorsSsiEsaln
woter heaters, This technology ﬁ:ﬂli:"iﬁ; Daean

rfarnsliarrad 10 23 indusirias

The NALSUN coating ensures
that very little of the absorbed
heat is emitted. Water
temperatures can reach 80°C
after six hours of sunshine.

Solar collectors lined up at one

of the NALSUN-coated
installations.

NALSUN gives excellent coating efficiently and at
low current densities.

A flat plate collector.

T
_? { ,r NALSUN has an absorptance of 0.98 and an
/ emittance of 0.12.
L th A i3 1 Very low reflectivity in the visible spectrum.
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Streamlining and modifying
buses

Finding unexpected spin-offis
from aoerospace experiences

The KSRTC bus before and after modification.

Mobile unit for hearing impaired.




Medium scale wind turbines

Why Is India's installed capacity Iless
than 5% of estimated wind potentialfss

Wind enargy Is not taking off in Indla becousarofSElaH
capital investment and the absence of o wind fUrEine
gasigned 1o perform 0 o dusty ang modelaialy 'wi"ld"‘l
anvironment. NAL is colloborating witheaon Mddsinal partner
evelop a low cost, techneloglocally advanced ‘wind

turine 1ar Ingilg
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Extensive field trials and analysis were undertaken to
map India’s typical wind environment.

e

Field trials and wind data analysis.
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A candidate blade geometry was studied
and modelled to fit the observed field
measurements.

Studies on the blade geometry, the computed
predictions match the observed field

measurement.

The task of building a prototype blade of 300 kw size
has started with funding from one of CSIR’s NMITLI-
type programmes.

Blade master and FRP mould to build blade prototype.
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The Pondicherry experiment

Power generation from a solar pongé

DoOnds The wWwalter 13
canveclive process. Hat Bring (f5-8 I'_]'- Cyois P
trapped' at the boattom of salar ponds, F-JAL'J‘.._._FﬂndiI':'.H{G_Irr',* p

ment invelved the extroction affihe froppged therma

1y o generale electrlic p

The 500m? experimental salt gradient solar pond.
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The key idea was to use NALs organic Rankine i
cycle technology. ‘m‘ L i

Schematic of the solar pond power plant.

The procedure involves passing the hot brine from
the solar pond through a heat exchanger where it
imparts its heat to the Rankine fluid. The fluid is
then heated, vaporized and expanded through a
turbine that is directly coupled to an electric
generator.

The plant has been successfully operated at the full
design level of 6kWe net.




