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DRDO's SFDR Test — Solid Fuel Ducted
Ramjet and the Future of India's Beyond
Visual Range Missile Programme

3 February 2026

& WHY IN NEWS

DRDO successfully demonstrated Solid Fuel Ducted Ramjet (SFDR) propulsion technology on February 3,
2026 at the Integrated Test Range (ITR), Chandipur, Odisha — making India the fifth nation globally to
master this technology after the USA, Russia, France, and China. The test validates propulsion for the next-

generation Astra Mk-3 long-range air-to-air missile.

WHAT IS RAMJET PROPULSION?

To understand SFDR’s significance, one must first understand conventional propulsion systems and how

ramjet technology differs from them.
Conventional solid-fuel rocket motors:

Carry all propellant (fuel + oxidiser) internally in the missile body
Simple and reliable — ignite once, burn to completion

Limited energy: the oxidiser mass that must be carried on board reduces the payload capacity and

range

After the motor burns out, the missile coasts on kinetic energy — decelerating rapidly due to

aerodynamic drag

Typical burn time: 2—5 seconds; after that, the missile is decelerating
Liquid-fuel turbojet/turbofan engines (used in cruise missiles like BrahMos):

Carry liquid fuel; use atmospheric oxygen as oxidiser

Efficient over long ranges; much better range/weight ratio

Complexity and cost: moving parts (turbines, compressors), fuel handling systems

Relatively slow (subsonic cruise speeds for most cruise missiles)

BrahMos is a notable exception — supersonic (Mach 2.8—3), but uses a liquid ramjet after solid boost
Ramjet engines:

No turbines, compressors, or moving parts — uses the kinetic energy of air rushing into the intake
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At high speeds (Mach 2+), the ram compression of incoming air provides sufficient pressure for

combustion without any mechanical compressor
Fuel burns with atmospheric oxygen — no oxidiser needs to be carried
Result: dramatically higher specific impulse (thrust per unit of propellant) than solid rockets

Limitation: Cannot start from zero velocity — needs to be accelerated to Mach 2+ by a booster

WHY SFDR IS THE “HOLY GRAIL” OF BVR MISSILES

SFDR (Solid Fuel Ducted Ramjet) takes the ramjet concept and uses solid fuel in a specially designed

duct:
Solid fuel advantages: Simpler than liquid fuel systems; easier to store and maintain; more reliable
in aircraft-deployed environment; safer handling on aircraft carriers and forward airbases

Ducted design: The fuel is stored in the duct of the engine; as air flows in at high speed, it mixes with

the solid fuel and combustion occurs continuously

Nozzle-less booster: A separate solid-fuel booster accelerates the missile from launch (Mach 0) to

Mach 2+ in 2—3 seconds; then the booster separates and the SFDR takes over for sustained cruise

Performance comparison:

Liquid Ramjet (e.g. BrahMos-

Parameter Solid Rocket Motor
class)

Propellant carried Fuel + oxidiser Fuel only Solid fuel only

Oxidiser source On-board Atmosphere Atmosphere

Moving parts None Turbopumps, valves None

Max speed Mach 4+ (brief) Mach 2.5—3 (sustained) Mach 4+ (sustained)

Range (BVR 70-150 km 400-600+ km (cruise) 150—300 km (BVR)

missile)

Post-burn Coasting, Sustained cruise Sustained supersonic

behaviour decelerating cruise

Manoeuvrability Moderate Good Excellent (sustained
thrust)

The critical UPSC-relevant point: SFDR allows a missile to sustain supersonic speed throughout its
flight — not just during the boost phase. This means the target has far less time to react, jam, or evade. It is
this combination of speed + range + manoeuvrability that makes SFDR the preferred propulsion for next-

generation air-to-air missiles.
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DRDO’S FEBRUARY 3, 2026 TEST — DETAILS

Test parameters:

Location: Integrated Test Range (ITR), Chandipur, Odisha
Time: Approximately 10:45 AM IST
Launch platform: Ground-based launcher (simulating aircraft launch)
Duration of sustained SFDR operation: Classified (typical SFDR tests run for 60—120 seconds of
sustained cruise)
Systems validated:
Nozzle-less Booster: The initial solid rocket that accelerates the missile from zero to Mach 2+ —
“nozzle-less” refers to the absence of a traditional rocket nozzle, reducing drag and complexity

Solid Fuel Ducted Ramjet motor: The main propulsion unit that sustains cruise speed using

atmospheric air + solid fuel combustion

Fuel Flow Controller (FFC): The system that regulates solid fuel supply to the duct — a critical
precision engineering challenge; too little fuel = combustion failure; too much = overpressure and

catastrophic failure
DRDO labs involved:
DRDL (Defence Research and Development Laboratory), Hyderabad: Lead lab; overall

missile design and integration

HEMRL (High Energy Materials Research Laboratory), Pune: Solid fuel formulation for the

ducted ramjet; nozzle-less booster propellant

RCI (Research Centre Imarat), Hyderabad: Guidance, control, and seeker systems

ITR (Integrated Test Range), Chandipur, Odisha: Test infrastructure, range safety, telemetry
This was the latest in a series of incremental SFDR tests — DRDO had conducted earlier tests of

individual subsystems and partial integrated systems since 2019. This February 2026 test validated the full

integrated system under operationally representative conditions.

THE ASTRA MISSILE FAMILY — CONTEXT

India’s SFDR programme is the propulsion backbone of the Astra Mk-3 missile — the long-range tier of the

Astra air-to-air missile family developed by DRDO:
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Variant Propulsion Range Status (2026)

Astra Mk-1 Solid rocket motor 70—80 km (BVR) Inducted; in service on Su-30MKI
Astra Mk-2 Solid rocket motor (advanced) 100—-160 km Development/trials

Astra Mk-3 SFDR 150—300+ km SFDR validated Feb 2026

Why BVR matters: Modern air combat is fundamentally about seeing and engaging the enemy before the
enemy can do the same. An air force with a longer-range air-to-air missile can fire from safety while keeping
its own aircraft out of the opponent’s engagement zone. China’s PLA Air Force operates the PL-15 (estimated
range: 200—300 km) with SFDR-class propulsion — India’s Astra Mk-1 (70—80 km) has a significant range

disadvantage. Astra Mk-3 with SFDR propulsion is designed to close this gap.

ITR CHANDIPUR — INDIA'S PREMIER MISSILE TEST RANGE

Integrated Test Range (ITR), Chandipur is India’s premier integrated missile test facility:

Location: Chandipur, Balasore district, Odisha (Bay of Bengal coast)
Operator: DRDO (under the Ministry of Defence)
Established: 1989; significantly upgraded post-Pokhran II (1998)

Function: End-to-end testing infrastructure — launch pads, flight termination systems, radar tracking

stations, telemetry stations, optronic tracking systems (OTS)
Tracking range: 400+ km (can track missiles over the Bay of Bengal safely)
Notable tests: All variants of the Prithvi, Agni, Astra, Nag (ATGM), Akash (SAM) series
Why Bay of Bengal? The open sea provides a safe test corridor without risk of debris falling on populated

areas; the maritime tracking and range safety infrastructure can terminate a test if the missile goes off

trajectory.

INDIA'S BVR MISSILE PROGRAMME IN STRATEGIC CONTEXT

The China challenge:
PL-15 (China’s primary BVR missile): 200—-300 km estimated range; SFDR/ramjet propulsion;
active radar homing; inducted in large numbers
PL-15 significantly outranges India’s Astra Mk-1 (70—80 km)

China’s J-20 stealth fighters armed with PL-15 represent a qualitative advantage over most Indian

platforms

Astra Mk-3 with SFDR propulsion is the direct answer to the PL-15 range gap
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The Pakistan factor:

Pakistan operates the AIM-120C AMRAAM (acquired from the US) with 100—120 km range and the
AIM-120D (acquired post-2019 crisis)

Pakistan’s JF-17 Block-3 can carry PL-15 (via China supply)

Astra Mk-3 would give Indian Air Force a comparable or superior range advantage

The India-France axis: France’s Meteor missile (used on Rafale) is the gold standard in SFDR/ramjet

propulsion for BVR — with an estimated range of 150+ km and an enormous “no-escape zone” due to

sustained ramjet thrust. India’s Rafales carry Meteor, but the DRDO SFDR programme aims to ensure

domestic self-sufficiency — avoiding dependence on French supply chains in a crisis.

IMPLICATIONS FOR AATMANIRBHAR BHARAT IN DEFENCE

The SFDR test is significant for India’s defence indigenisation trajectory:

India’s defence exports target: Rs 35,000 crore by 2025-26; India achieved ~Rs 21,000-23,000 crore
in FY25

Propulsion technology is a Category-1 controlled technology under the Missile Technology Control
Regime (MTCR) — countries cannot simply buy or license SFDR engines; they must develop them

domestically

India’s mastery of SFDR propulsion enables export potential for future missile systems to friendly

countries

DRDO’s broader propulsion portfolio:

Solid rocket motors: Astra Mk-1, Mk-2; Prithvi/Agni series; Akash SAM
Liquid propulsion: BrahMos (ramjet cruise phase); K-15/K-4 submarine-launched ballistic missiles

SFDR (new): Astra Mk-3 (air-to-air); potential future: ship-launched SFDR systems
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UPSC RELEVANCE

SFDR (Solid Fuel Ducted Ramjet); test date: February 3, 2026; test site: ITR Chandipur, Balasore, Odisha;
DRDO labs (DRDL/HEMRL/RCI/ITR); nations with SFDR: USA, Russia, France, China, India; Astra Mk-1
(70—80 km; in service); Astra Mk-2 (100-160 km; development); Astra Mk-3 (150—300 km; SFDR
propulsion); PL-15 (China’s BVR missile; 200—300 km); Meteor missile (France; Rafale); ramjet principle
(uses atmospheric oxygen; no turbines/compressors); nozzle-less booster; Fuel Flow Controller; BVR

(Beyond Visual Range); MTCR (Missile Technology Control Regime).

DRDO SFDR success — significance for India’s aerial warfare capability; indigenisation in defence
propulsion; BVR missile gap India vs China; Aatra missile series and IAF modernisation; MTCR and
technology control regimes; Aatmanirbhar Bharat in high-technology defence; strategic implications of

China’s PL-15 advantage.
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FACTS CORNER — KNOWLEDGEPEDIA

| DRDO SFDR TEST:

Event: Successful demonstration of Solid Fuel Ducted Ramjet propulsion
Date: February 3, 2026 (~10:45 AM)

Site: ITR Chandipur, Balasore, Odisha (Bay of Bengal coast)

Subsystems validated: Nozzle-less Booster, SFDR motor, Fuel Flow Controller
Nations with SFDR: USA, Russia, France, China — India joins as 5th

Future application: Astra MKk-3 air-to-air missile (IAF)

| RAMJET VS ROCKET:
Rocket: Carries own oxidiser; limited range; coasting after burnout
Ramjet: Uses atmospheric O2; no moving parts; sustained supersonic cruise
SFDR advantage: Solid fuel (simpler than liquid) + ducted ramjet (sustained thrust)

Cannot start from rest: Needs booster to accelerate to Mach 2+ first

I DRDO LABS INVOLVED:
DRDL (Defence Research and Development Laboratory): Hyderabad; lead lab
HEMRL (High Energy Materials Research Laboratory): Pune; solid fuel
RCI (Research Centre Imarat): Hyderabad; guidance and seekers

ITR (Integrated Test Range): Chandipur, Odisha; test infrastructure

I ASTRA MISSILE FAMILY:
Astra Mk-1: Solid rocket; 70—80 km BVR range; in service (Su-30MKI)
Astra Mk-2: Advanced solid rocket; 100—160 km; development
Astra Mk-3: SFDR propulsion; 150—300 km; SFDR validated Feb 2026

I COMPARABLE SYSTEMS (GLOBAL):
PL-15 (China): 200—300 km; SFDR/ramjet; carried by J-20 and JF-17 Block-3
Meteor (France/UK): Ramjet; 150+ km; carried by Rafale (India also operates Meteor)
AIM-120D AMRAAM (USA): Solid rocket; ~180 km; Pakistan also operates

| ITR CHANDIPUR:
Location: Balasore district, Odisha
Established: 1989
Tracking range: 400+ km over Bay of Bengal
All major Indian missile systems tested here: Prithvi, Agni, Astra, Nag, Akash

I OTHER RELEVANT FACTS:

MTCR (Missile Technology Control Regime): Export control regime; India member since 2016; controls
Category-1 missiles (range >300 km, payload >500 kg) — SFDR-powered long-range systems are subject to
these restrictions

India’s defence exports target: Rs 35,000 crore by FY2025-26; achieved ~Rs 21,000-23,000 crore (FY25)
BVR warfare doctrine: Dominant since 1991 Gulf War; key role in Kargil (1999) highlighted India’s BVR gap
DRDO: Established 1958; 52 labs; under Ministry of Defence; Chairman: Dr. Samir V. Kamat
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I India’s SFDR programme started: ~2014 (proof-of-concept work)

Sources: PIB, DRDO, India TV News, Defence Capital, Insights on India
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