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Fundamentals of Rocket Engines 

We have been talking about various jet engines, over the course of many lectures. We 

have also looked at various thermodynamic aspects, which were covered by Professor 

Pradeep. 

Now, all the jet engines so far we have been looking at and all the other IC engines that 

we have looked at earlier were all of them, air breathing engines; they were using air 

available in abundance in the atmosphere, as a primary working medium. The idea in all 

those engines was to use air and somehow energize the air and get work out of air. So, 

air was the working medium and as a result of which, all of them were generally clubbed 

as air breathing engines. 

We are going to talk about non-air breathing engines - the engines that do not use air as a 

working medium, the engines that have to carry its own fuel and in the process, create 

thrust for flying vehicles. 

Now, these non-air breathing engines are rockets, missiles and the various spacecrafts 

that are being used by various advanced nations for putting craft in space and sending 

man to moon and even beyond. 

These crafts are used for various purposes. Rockets is a generic name for all these kinds 

of crafts, missiles are used normally for various military purposes and spacecrafts are 

used for various missions which take man beyond the earth’s atmosphere and then on to 

moon and to mars and various other missions, even beyond in the galaxy or in future 

probably out of this galaxy. 

So, obviously a large part of the travel of these crafts would have to be outside the 

earth’s atmosphere. Even some of the missiles that we have, sometimes, travel a part of 

their journey outside the earth’s atmosphere. As a result of which, it is required that they 
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The disadvantage is that there is no air available anymore. Air was the primary working 

medium for air breathing engines, which means that you have to carry the fuel and the 

oxidizer. As we know the fuel and oxidizer, both are required for combustion purpose 

and hence for rockets we have to carry both of them within the body of the rocket, which 

means you have to carry the weight of both the fuel and the oxidizer, till they are 

completely used up. 

The basic rocket engine is a thermal rocket motor, which is fundamentally a heat engine. 

We are familiar with the various kind of heat engines; we have done the thermodynamics 

of these heat engines; we have done the various cycle analysis; we shall see that rocket 

engines do not quite conform to those cycles, but it still remains a heat engine which 

means fundamentally chemical energy is converted to heat by burning of propellant and 

oxidizer and that is fundamental of all heat engines that chemical energy is released by 

burning into heat and then this heat is converted to useful work. 

So, that is the fundamental of heat engine. So, in that sense, a rocket remains a heat 

engine and then this high energy burnt gas is accelerated through various nozzles; these 

nozzles have to be shaped properly and we shall be looking into the nozzle science later 

on, also - how these nozzles are created and shaped. If you do that properly, if you create 

enough energy and if you have a properly shaped nozzle, then the large momentum of 

exhaust gas that is created when it comes out of the nozzle body by the reaction force as 

per Newton’s laws of motion, creates thrust. 

So, thrust is created through various physics: first is release of heat, second is expansion 

of the gas or acceleration of the gas through a properly designed nozzle and if you do 

that properly, the exhaust gas then gives a reaction and then the Newton’s laws of motion 

apply and you have thrust that is created by this exhaust gas. 

This thrust is what we use for propelling the rocket, first through the atmosphere as it has 

to be launched from earth’s surface and then through various other rarified medium 

outside the atmosphere and then out into the space, where there is no atmosphere at all. 

So, this is the basic mechanism by which a rocket normally works. 
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can take a look at all kinds of missiles that are normally used and each of them is 

designed for the particular purpose. 

Now, missiles are used for certain targets. So, you have certain target to which the 

missile is launched and it has to hit that target. It could be an air-to-air missile, which 

means it is launched from air maybe, from an aircraft and it is to hit another target which 

is also in air - could be another aircraft. 

It could be an air-to-surface missile, which means it is launched from an aircraft and it is 

to hit something on the surface of the earth. It could be antiballistic missile which means 

we will see the ballistic missiles and this missile is supposed to go and hit that ballistic 

missile. So, to counter a ballistic missile and hence it is called antiballistic missile. So, it 

has to intercept a missile, while that missile is moving on the atmosphere, intercept the 

missile and hit that missile. So, it has a purpose of hitting something on the motion in the 

earth’s atmosphere. 

Then we have anti-satellite weapon, where you can send a missile to hit a satellite which 

may be going around the earth’s surface. So, that is anti-satellite missile and then you 

have anti-ship missile, which could be launched from air or from surface and it is 

supposed to hit a ship, which is moving on the sea. So, a ship which is mobile and 

moving on the sea can be hit with this kind of missile. 

Then we have land-attack missile, which is ground to ground missile. We have anti-tank 

guided missile which is used for hitting or targeting tanks on the surface of the earth. 

Tanks as you know are armoured bodies and so you need strong missiles to hit them. 

Then you have surface-to-air missile, which are often used to be called simply anti-

aircraft missiles, where you can send the missile from earth to aircraft that are moving 

around which could be considered dangerous and hence, you can send missiles from 

surface to counter those aircrafts. 

Then there is surface-to-surface missile, which is the original missile. So, send a missile 

from one point of earth to another point of earth for some target and we could have wire-

guided missile, where the guidance system is wired and these are missiles which are used 

for various kinds of purposes; the purpose is normally some military purpose. 
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Then you have the various control systems, which controls the craft and finally, the 

warhead on to the target. So, this is the control or gyro control, as it used to be known 

earlier, which guides the warhead or the payload onto the target and then you have 

various other systems, the radio system and so on, which are housed over here, for it to 

be communicated with the ground system so that the ground control can be operated to 

guide this system onto its target. 

The various other systems are there - the rocket body as you can see here, houses all the 

other system; you have the liquid oxygen that is stored over here and you have the 

hydrogen peroxide tank which is stored over here and then you have the nozzle, which is 

at the end through which the high velocity jet finally, comes out and creates a thrust. 

So, these are the various kinds of systems that are normally housed inside a typical 

rocket body - in this case, a particular missile, which have the control system, the 

navigation system, the fuels and the oxidizers which are stored in tanks, as I mentioned 

they have to be carried within the body and most of the body of a rocket is typically 

occupied by the fuels and that is the various kinds of oxidizers and the propellants; they 

have to be carried in the tanks and they actually occupy most of the space. Then you 

have the pumps, which pumps these fuel into the rocket chamber or the combustion 

chamber of the rocket engine and then it goes out through the nozzle. So, the rocket 

chamber is of this size which is much smaller than the body of the main rocket and a 

nozzle is at the lower edge of the rocket from which, the high velocity gas comes out. 

So this is typically, the body of a rocket, which could be of a missile or any other kind of 

a craft. They all have certain common features and these are the common features of any 

kind of rocket that you may like to look at. 
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Now, this is the combustion zone, in which the combustion is to be carried out, which 

means, the fuel is to be pumped, they are to be released into the combustion chamber 

through injectors and these injectors do a number of jobs; that is, it atomizes the fuel, 

then the fuel is released, the fuel is vaporized, fuel mixes with the oxidant and then the 

mixture is burnt, that means, a flame is created and then this flame releases the energy or 

the heat energy into this combustion zone and then the mixture of gases proceeds from 

the combustion zone where the heating or the combustion process is to be completed - at 

least 98 percent completion. Then the mixture moves in the combustion chamber forward 

towards the nozzle; even as it is moving forward, the combustion process may be 

completed. So, by the time it comes at the beginning of the nozzle, the combustion 

process is said to be completed and now, it has very high pressure and very high 

temperature. 

This very high pressure, temperature gas is now released through the nozzle which is 

normally convergent divergent nozzle. So, initially you have a convergent nozzle which 

makes the flow go sonic. So, at the throat of the nozzle, the flow has invariably reached 

sonic velocity which is Mach 1 and then it continues to expand through this nozzle to 

very high velocity - normally high supersonic Mach number with which the gas comes 

out and helps create thrust. So, this is the mechanism by which the rockets normally 

create thrust. 

In case of solid propellants, you can have a mixture of oxidizer and fuel and a body of 

that is created. We shall see the various shapes that are created; those shapes are 

extremely important and they are housed inside the combustion zone. Once they are 

housed inside the combustion zone, a process of combustion may be initiated. 



(Re

onc

pro

this

ope

beg

or g

(Re

So,

com

sep

roc

the

com

The

dep

wo

the

jus

efer Slide T

ce the comb

ocess of gas

s gas travel

ening throu

ginning of t

going sonic

efer Slide T

, normally 

mbustion ch

parately in o

cket chambe

e fuel and th

mbustion zo

en they are

pending on 

ould require

e pumps and

tified that y

Time: 40:43

bustion is c

sification ha

ls through 

ugh this and

the converg

c and then it

Time: 38:04)

as you ca

hamber itse

other part o

er, which m

he oxidizer

one. 

e to be pum

the pressure

e a lot of sp

d which me

you carry all

3) Let us sa

created in th

appens; the

this openin

d the comb

ent part of t

t becomes su

) 

an see the 

elf whereas,

of the rocket

means that a

r separately

mped separa

e at which t

pace for car

eans that a li

l these with

ay at this en

his isolated 

e solids onc

ng between 

bustion is c

the nozzle.

upersonic a

solid prop

 for liquid 

t body from

a rocket bod

. They cann

ately. You m

they are stor

rrying the fu

iquid rocke

h you for cre

nd - at the 

combustion

e they burn

the 2 side

ontinued an

It also goes

and is releas

pellant carr

propellants

m which, the

dy will hav

not mix bef

may require

red, which m

fuel, for carr

et typically h

eation of thr

further end

n zone, the

n, they form

s. So there 

nd then fin

s through a 

sed at high v

ries the pro

, the liquid

ey have to b

ve to be now

fore they ar

e separate p

means a liqu

rying the o

has to be qu

rust. 

d of the bod

e gas is crea

m into gas a

may be a 

nally, it reac

process of 

velocity. 

 

opellant ins

ds have to b

be pumped 

w designed 

re pumped 

pumping ca

uid rocket t

xidant, for 

uite big, for

dies and 

ated, the 

and then 

circular 

ches the 

choking 

side the 

be stored 

into the 

to store 

into the 

apability 

typically 

housing 

r it to be 



So,

roc

pro

roc

Som

liqu

tota

stag

and

atm

kin

(Re

No

gen

kno

com

ver

bal

So,

and

, typically 

cket, typica

opellant roc

cket. 

me of the b

uid and soli

al weight of

ge is releas

d hence the

mosphere. S

nds of launc

efer Slide T

ow, let us t

nerated? Yo

ow the New

ming out of

ry small sca

lloon will m

, basically, 

d then in a 

liquid prop

ally for sate

cket, where 

bigger miss

id which co

f the entire 

sed, the nex

ey can carry

So, a combin

h vehicles. 

Time: 43:40)

take a look

ou see the r

wton’s laws 

f a body, it w

ale in your 

move much l

release of t

typical mod

pellant or li

ellite launc

the solids 

iles like int

ould be mult

rocket body

xt stages co

y the vehic

nation of liq

) 

k at various

rocket scien

of motion;

will immed

laboratory.

like the rock

the gas will 

dern rocket

quid propu

ch vehicles.

are housed

tercontinent

tistage. So,

y or the veh

ould be solid

cle much fa

quid and so

s kinds of 

nce is base

you know t

iately give y

If you ope

ket moveme

always ten

t, the motio

ulsion is use

. Most of t

d within th

tal missiles

the first sta

hicle body a

d rockets, w

arther into t

lid rockets 

basic rocke

d on very 

that if you c

you a forwa

en the end o

ent. 

nd to give y

on needs to 

ed only wh

the missile

e combusti

s could hav

age could be

and then late

which are li

the atmosph

has been al

et science.

simple prin

create a larg

ard motion.

of a balloon

ou a certain

be controll

hen you nee

es tend to b

on chambe

e a combin

e liquid to c

er on, once 

ittle smaller

here or bey

lso used for

 

How the t

nciple actua

ge gas energ

 It can be d

n and releas

n amount of

led. So, you

ed a big 

be solid 

er of the 

nation of 

carry the 

the first 

r in size 

yond the 

r various 

thrust is 

ally, you 

gy that is 

done in a 

se it, the 

f motion 

u have a 



guided system, you have a navigation system. All those systems are housed in the body 

of the rocket. However, the main problem of the rocket is creation of the thrust. 

So, much of the body of the rocket is actually used in storing the fuels, for managing the 

fuels and then managing the combustion process and then releasing it through the 

nozzles. 

The basic rocket engine is more about its heat engine and less about the craft which is 

basically, a cylindrically shaped body at the tip of which you have a payload, which goes 

out for various motions. So, various purpose of the rocket is served by basic fundamental 

science. Let us take a look at this fundamental science, which governs all kinds of 

rockets missiles and various kinds of satellite launch vehicles. 

Now, if you take a rocket thrust that is to be created, if for example, you have to use a 

certain amount of mass of the rocket to be used. Now, this mass of the rocket to be used 

is indeed, the fuel. So, the fuel and the oxidant are to be used let us say, over a period of 

time and this expended mass of dm is expended in time dt and when it is expended, it 

creates a velocity change dV of the rocket body itself, then the conservation of 

momentum gives you the momentum balance. 

That means, the mass with which it started, the original mass and the original velocity 

finally, devolves into the final mass, the final velocity and the mass that is expended that 

is, the fuel that is expelled through the nozzle and the change of velocity that has 

occurred to the rocket vehicle. 

So, V e-max is the velocity of the exhaust gas, which is relative to the rocket body and as 

a result of which, you have the motion of the rocket. It is assumed that the nozzle is fully 

expanded to the atmosphere. So, this is the basic equation of motion of the rocket body 

itself. 
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that typically specify a rocket and a rocket’s operation - the TSFC, the specific impulse 

and the exit velocity. 

We shall continue with this in the next class and we shall introduce a number of other 

parameters that typify a rocket and its operation. It also quantifies how good the rocket is 

and what this rocket or what this engine could be used for, whether it could be used for a 

missile, whether it could be used for a satellite or whether it could be used for any other 

purpose can be actually found out from these parameters, which we are talking about. 

We shall be introduced to number of other parameters pertaining to the basic rocket 

science in the next lecture. 


