
PUMPJET PROPULSOR AGGREGATE 

 

Objective: Development of Electric Motor to be integrated with the Pump-jet Propulsor 

to replace conventional propulsor system with stealthier, simple and less maintenance 

intensive propulsion system. 

Technology Area: Machine Design, Electrical Engineering 

 
Brief Description: 

1.  Pumpjet Propulsor is used onboard submarines. They generally consist of two 
rows of blades, one a stator and the other a rotor, both shrouded by a circular 
duct. Depending on the design and application, the stator may be located before 
the rotor (pre-swirl) or after the rotor (post swirl), while the duct can be 
accelerating, decelerating or neutral. The pumpjet is mounted external to the hull 
of a submarine and its design is integrated with the hull form. It has a high flow 
rate; low head rise axial pump and is different to a ducted propeller or a water jet. 

 
2. Presently Steam Driven main turbine along with the following components: 

 
i. Gear Box 

ii. Shafting  
iii. Main Thrust Bearing 
iv. Propeller 
v. Associate Auxiliaries 

 
3. In the present system, failure compartment or auxiliary system/ equipment 

results in reduced performance/ non availability of propulsion system. All 
components including auxiliaries consisting of moving parts, thereby adding to 
the vibrations transmitted to pressure hull during exploitation. Present system is 
maintenance intensive equipment. 

 
4. Proposed Pumpjet Propulsor will replace the conventional components 

mentioned above. The proposed Pumpjet Propulsor Aggregate Layout for the Aft 

section of the submarine is shown below:- 



 
PJP Layout 

 

5. The proposed Electric Motor will be integrated with the Pumpjet Propulsor. The 

Technical specifications for proposed electric propulsion are as follows:- 

(a) Type  : Super Conducting Synchronous Motor (SCM) 

    Surface Mount Permanent Magnet Motor (SMPM) 

Super Conducting Homopolar Motor (HPM) 

However, as per the expertise available with the Industry, it is not necessary that 

only aforesaid options may be explored. 

 

(b) Input Supply : 380V, 50 Hz, 3 Ph Supply 

Utilisation of MMG (Main Motor Generator) may be 

explored for exploitation of Batteries onboard. 

  

 (c) Direction of Rotation : Reversible 

  

 (d) Shaft RPM   : Suitable CFD Analysis to be undertaken 

to establish the shaft RPM w.r.t Pumpjet Propulsor. However with the 

conventional Propeller the shaft RPM specified for Ahead Mode is 236 and 

Astern Mode is 124. 

 

 (e) Maximum Torque  : 550 X 103 N-m (Approx) 

  



 (f) Dimensions   : As per the Proposed Motor Compt. 

  

 (g) Input Power to Shaft : 35 MW 

 

 (h) Weight    : 100 Tons 

 

Proposed Electric Drive Train. 

 

6. The proposed Electric Drive Train along with the various components (indicating 

their approximate dimensions & weight) is shown in the figure below:- 

 

 
Electric Drive Train 

 

Dimensions of the Proposed Motor Compartment. 

 

7. The tentative dimensions of the Proposed Motor Compartment (Aft section of the 

submarine) are depicted below:- 

  



 
Proposed Motor Compartment 

Technical Aspects 

 

8. The proposed Electric Motor must be designed based on the following technical 

aspects:- 

  

(a) Rated Power. It is envisaged to have Motor Propulsion directly 

coupled with the Pumpjet Propulsor (Aggregate) to generate Maximum Rated 

Power of 35 MW and 12.5 MW in Astern Mode to propel a submarine at a 

maximum speed of 25 knots in Ahead Mode. 

 

(b) Weight (Buoyancy & Balance). The weight of the proposed Aggregate 

must be kept into consideration since the same will be placed in the Aft section of 

the Submarine. 

 

(c) Length & Diameter. The length, Diameter and geometry define the 

volume and the space allocated to the Propulsion Motor. There is a finite amount 

of deck space available to mount the equipment on the centre line. 

 

(d) Efficiency. The efficiency of the Propulsion Drive Train directly affects 

the required size and weight of the TAs as well as the total power which is to be 

supplied by Plant. 

 

(e) Harmonics Primary mission of the submarine is to remain undetected 

and covert. Any vibrational radiation emanating from the submarine has the 

potential to give its presence/ location rendering the primary mission capability 

impossible. Hence the Propulsion Motor must operate with low vibrational 

signatures. 

 



(f) Converter. The Power Converter and Motor Controller are the features 

that must be added to the submarine to facilitate Electric Drive Propulsion. They 

are necessary in order to convert the supplied power from TAs to the required 

power needed by the electric power for torque. 

 

(g) Reliability. In any piece of equipment used for military application, 

reliability is a concern. In case of Propulsion Motor for Nuclear submarine, it is 

even higher since the propulsion power must be available at all times. The 

reliability of Motor, Converter and supported systems must be taken into 

consideration at the design stage. 

 

(h) Degradation. Degradation is the ability of the electric motor to 

continue operating at low power level when there is a failure in one of its 

systems. If something does fail, for whatever reason, some minimal amount of 

propulsion power is desired in order for the submarine to continue its mission in 

degraded capacity/ transit out to Harbour for repairs. 

 

(j) Torque. The output torque is important for quick and responsive 

maneuvering of the submarine. Also, the electric motor must have high torque at 

all speeds in order to deliver adequate accelerations for submarine to perform its 

intended missions. 

 

(k) Cooling Requirements. During the exploitation of Electric Propulsion 

Drive, there are many losses (based on the type of motor) viz. Windage losses, 

ferromagnetic losses, Joule Heating & Eddy Losses. Due to the aforesaid losses, 

heat gets generated inside the various components of the electric motor. The 

same needs to be taken away by the following proposed cooling methods:- 

 

 (i) Air Cooled 

 (ii) Sea Water Cooled. 

 (iii) Oil Cooled. 

 

(l) SNV Aspects. The proposed electric motor will be mounted on SV 

mounts inside the compartment. Further, the same is to be tested for the 

following:- 

 (i) Vibration Resistance 

 (ii) Shock Strength 

 (iii) ABN 

 



Note: The Cooling water/ Air and Oil Requirements (Pressure, Flow-rate, Quality 

and Viscosity) have to be intimated to the platform designer. 

 

Environmental Specifications. 

 

9. The following aspects to be catered for:- 

 

(a) Compartment Internal Conditions. In MPP/ SGP/ Turbine 

Compartment 30 – 40 0C. Up to 98% Relative Humidity (Continuous & 

Condensing). 

 

(b) Electromagnetic Environment. Propulsion Motor should provide 

satisfactory operation in presence of electromagnetic emission prevalent in the 

vicinity of the motor. 

 

(c) Magnetic Induction. Earth’s Magnetic Field B < 1.5 X 10-4 T and 

During Degaussing Process B < 15 X 10-4 T. 

 

(d) ABN. Average level of sound pressure measured in the test bed i.a.w ISO 

3744 on conformed surface at a distance of 1 meter, in dB (A) with respect to 

reference threshold level of 2 X 105 N/ m2. 

 

(e) Vibration Resistance. The rigidly installed equipment should be 

capable of trouble free operation under the influence of external vibrations whose 

amplitude is indicated below:- 

 

  (i) From 0.1 to 5 Hz : 0.1g 

  (ii) From 5 Hz to 50 Hz : 2 g 

  

(f) Quality of Supply. 

  

Quality of Supply AC 
Source 

AC 
Consumer 

DC 
Source 

DC 
Consumer 

Prolonged 
variation of 
Voltage 

+/ - 1.5 % +/- 5 % -- -- 

Repeated Short 
time deviation of 
voltage 

-7 to +4 
% 

-13 to + 8% +/- 6 % 
-13 to + 

8% 

Short time 
deviation of 
voltage 

-20 to 
+9% 

-25 to +8% +/- 8% -25 to +8% 



Prolonged 
deviation of 
Frequency 

+/- 2% -4 to +2% -- -- 

Repeated short 
deviation of 
Frequency 

+/- 4% -5 to +4 % -- -- 

Short time 
deviation of 
frequency 

-6 to +4% -7 to +4% -- -- 

 

(g) Class of Insulation. Class of insulation for all electrical machinery 

class ‘H’ or ‘F’ with Vacuum Pressure Impregnation (VPI). 

 

 (h) Protection of Electrical/ Motor Equipment. Details are as follows:- 

 

Electric Motors 
Designed to minimum IP 23/ 44/ 55 
based on the location of the 
equipment. 

Terminal Blocks of AC/ DC 
motors 

Designed to minimum standard of 
IP 44 

Main Switchboards/ Auxiliary 
Switchboards/ LCPs/ Electrical 
Distribution Centres/ Starters/ 
Electrical and Electronic 
Cabinets  

Designed to IP 21/ 23/ 44/ 55 
based on location. 

Electro-Mechanical Devices Designed to IP 43/ 44 

Components in direct contact/ 
close proximity with batteries in 
battery pit 

Suitable for use with corrosive 
atmosphere (due to presence of 
acid) 

 

Development of Prototype 

 

8. Scale down model for the electric motor (1 MW) is to be developed in 
consultation with the nominated agency. The same is to be integrated with the Pumpjet 
Propulsor prior to trials. The integrated model is required to be tested as per the SNV 
aspects and Environmental Specifications (As specified at Para 6). Further, post 
successful development of prototype, feasibility of scaling up of the same may be 
explored in consultation with ‘Aakanksha’ for use in future projects 
 
 


