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5 February 2026

& WHY IN NEWS

DRDO successfully demonstrated Solid Fuel Ducted Ramjet (SFDR) propulsion technology at Chandipur,
Odisha — the propulsion system that will power the Astra Mk-3 Beyond Visual Range Air-to-Air Missile and

place India in an exclusive group of nations with sustained supersonic air-breathing missile capability.

WHAT IS A RAMJET — AND WHY IS IT STRATEGICALLY SIGNIFICANT?

To understand SFDR, one must first understand the difference between rocket propulsion and ramjet

propulsion:

Solid-fuel rocket (used in most current missiles): Carries both fuel and oxidiser onboard. Self-
contained but heavier; cannot sustain high speed over long distances because both propellant

components are consumed rapidly.

Ramjet (air-breathing engine): Carries only fuel; uses atmospheric oxygen as the oxidiser. The
vehicle’s speed “rams” air into the engine intake, where it is compressed and mixed with fuel for
combustion. Lighter, faster, and more fuel-efficient at supersonic speeds — but requires the vehicle to

already be at supersonic speed before the ramjet ignites (hence needs a booster).

Solid Fuel Ducted Ramjet (SFDR): The specific variant DRDO has demonstrated. Instead of liquid
fuel (used in liquid ramjets), it uses solid fuel (boron-based) stored in a gas generator. Hot exhaust gas
from the solid fuel generator is ducted into the air intake duct, where it mixes with ram air and burns to
produce thrust. This combines the handling simplicity of solid fuel with the efficiency advantages of a

ramjet.
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SFDR TECHNICAL SPECIFICATIONS

Parameter Value

Fuel Boron-based solid fuel

Oxidiser source Atmospheric oxygen (ram air)

Speed range Mach 2 to Mach 3.8 (sustained)

Altitude range Sea level to 20 km; vertical manoeuvres up to 10 km

Range 50—340 km

Flight duration 50—200 seconds

Booster type Nozzle-less solid booster (achieves supersonic speed in 3 seconds)
Hot gas valve material Carbon-carbon composites and tungsten-copper alloys

Developer DRDO (multiple laboratories: DRDL, HEMRL, RCI, PXE)

Test site Integrated Test Range (ITR), Chandipur, Odisha

The nozzle-less booster is a key technical achievement: by designing a booster without a conventional
convergent-divergent nozzle (which is heavy and complex), DRDO has reduced the weight of the initial

acceleration stage, improving overall missile performance.

HOW SFDR ENABLES THE ASTRA MK-3

The Astra missile family is India’s indigenous Beyond Visual Range Air-to-Air Missile (BVRAAM)

programme, developed by DRDO’s Defence Research and Development Laboratory (DRDL) in
Hyderabad:

Variant Propulsion Range Status

Astra Mk-1 Solid rocket motor ~110 km Inducted (IAF, IN)
Astra Mk-2 Solid rocket (enhanced) ~160 km Advanced testing
Astra Mk-3 SFDR (air-breathing) ~340 km Development phase

Astra Mk-3’s SFDR advantage: The Mk-1 and Mk-2 use conventional solid rockets, which burn quickly
and cannot sustain high speed for long ranges. Astra Mk-3 using SFDR can sustain Mach 3.5+ throughout its
flight path to 340 km — significantly increasing lethality against long-range, evasive targets (like enemy

AWACS aircraft, tankers, and fighter formations deep inside enemy territory).
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This matters for the Indian Air Force because: contemporary air warfare increasingly involves engagements at
150—400 km range, where aircraft with better long-range missile capability gain a decisive first-shot

advantage.

GLOBAL CONTEXT — WHO HAS SFDR?

SFDR capability is highly restricted to major missile powers:

MBDA Meteor (Europe — France, Germany, UK, Sweden, Spain, Italy): The gold standard
BVRAAM; uses a throttleable solid-fuel ramjet; range ~150+ km; in service on Rafale, Typhoon,

Gripen. India’s Rafales are armed with Meteor — this directly influenced the Astra Mk-3 requirement.

China PL-15: Chinese BVRAAM with SFDR-like propulsion; estimated range 200+ km; operational

on J-20. Assessed as a primary threat that drives India’s long-range BVRAAM requirement.
Russia R-77M (RVV-AE): Advanced variant with ramjet propulsion in development.

India is the fourth country (or first non-NATO/non-P5) to demonstrate sustained SFDR technology for

BVRAAM applications — a significant milestone in defence indigenisation.

DRDO’S MISSILE ECOSYSTEM — THE LABS BEHIND SFDR

SFDR development involved multiple DRDO laboratories:
DRDL (Defence Research and Development Laboratory), Hyderabad: Aerodynamics, system
integration

HEMRL (High Energy Materials Research Laboratory), Pune: Boron-based propellant

formulation
RCI (Research Centre Imarat), Hyderabad: Guidance, navigation, control

PXE (Proof and Experimental Establishment), Chandipur: Testing and range facilities

This multi-lab, multi-year effort (SFDR development began in the early 2010s as a joint programme with

Russia, then continued indigenously) reflects the maturation of India’s defence R&D ecosystem.
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UPSC RELEVANCE

SFDR (Solid Fuel Ducted Ramjet; Mach 2—-3.8; 50-340 km; Chandipur, Odisha); Astra Mk-1 (~110 km,
inducted); Astra Mk-3 (SEDR propulsion, ~340 km); DRDL (Hyderabad — DRDO lab); HEMRL (Pune —
propellants); RCI (Hyderabad — guidance); Meteor missile (MBDA Europe; India’s Rafale armed with it);
PL-15 (China BVRAAM); ITR Chandipur (under PXE, DRDO); boron-based fuel; carbon-carbon composites.

Defence indigenisation; SFDR significance for Indian Air Force; Astra programme evolution; comparison

with Meteor/PL-15; DRDO lab structure; BVRAAM capability and air superiority doctrine.
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FACTS CORNER — KNOWLEDGEPEDIA

| SFDR TECHNOLOGY:

Full form: Solid Fuel Ducted Ramjet

Engine type: Air-breathing (uses atmospheric O2)

Fuel: Boron-based solid fuel (in gas generator)

Speed: Mach 2 to Mach 3.8

Range: 50—340 km

Booster: Nozzle-less solid booster; supersonic in 3 seconds
Test: Integrated Test Range (ITR), Chandipur, Odisha
Developer labs: DRDL, HEMRL, RCI (DRDO)

| ASTRA BVRAAM FAMILY:
Astra Mk-1: ~110 km; conventional solid rocket; inducted in IAF and IN
Astra Mk-2: ~160 km; enhanced solid rocket; advanced testing

Astra Mk-3: ~340 km; SFDR propulsion; development phase

I COMPARABLE GLOBAL BVRAAMS:

Meteor (MBDA, Europe): Throttleable solid-fuel ramjet; ~150+ km; on Rafale/Typhoon/Gripen; India’s
Rafales carry Meteor

PL-15 (China): SFDR-like; ~200+ km; on J-20; primary driver of India’s Astra Mk-3 requirement
R-77M (Russia): Ramjet-propelled variant; in development

| DRDO LABS (DEFENCE):

DRDL: Defence R&D Laboratory; Hyderabad; missile system design
HEMRL: High Energy Materials Research Lab; Pune; propellants/explosives
RCI: Research Centre Imarat; Hyderabad; guidance, navigation, control
ASL: Advanced Systems Laboratory; Hyderabad; ballistic missiles (Agni)
CABS: Centre for Airborne Systems; Bengaluru; airborne sensors/systems
| OTHER RELEVANT FACTS:
IAF current BVRAAM: Meteor (from France, via Rafale deal) + Astra Mk-1 (domestic)
BVRAAM doctrine: First-shot advantage at 150—400 km; high kill probability before counter-launch

Carbon-carbon composites: Materials with carbon fibre reinforced in carbon matrix; high strength, low weight,
extreme heat resistance; used in missile nozzles, re-entry vehicles, brake discs

Nozzle-less booster: Eliminates complex exhaust nozzle, reducing weight and manufacturing complexity; key
innovation in SFDR

Sources: Drishti IAS, IndiaBix
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