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Abstract 

Hybrid rockets present a compromise between solid and liquid rockets. It has a simpler 

design than liquid rockets and higher performance than solid rockets. It is constructed 

from an oxidizer tank followed by a solid fuel grain. Therefore, the combustion is 

controlled. 

This paper presents an algorithm to construct the design space of the hybrid rocket motor 

for a single cylindrical port. A simple regression rate formula is used to treat the 

combustion. The inner diameter of the grain, outer diameter of the grain, and length of 

the grain are used as parameters to construct the design space and a single design point is 

chosen. The performance of this design point is presented with the combustion time. 
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1. Introduction   

There are three main concepts for 

designing rocket motors: solid motor, 

liquid motors, and hybrid motors. In the 

solid motors, both the oxidizer and the 

fuel are combined in the form of solid 

grain. This design is simple, however 

there is risk of explosion in the 

manufacturing process. The 

performance of the solid motor, in terms 

of the specific impulse, is low. Once the 

motor is ignited, the combustion is not 

controllable. In the liquid motors, both 

the fuel and the oxidizer are separated in 

the liquid form. This design is safe, but it 

is complicated. Its performance, in terms 

of the specific impulse, is high and there 

is high controllability at the combustion. 

In the hybrid motor, the fuel is stored in 

a solid phase, while the oxidizer is stored 

either in a gas or in a liquid phase. 

Hybrid motors present a compromise 

between the solid and the liquid motors. 

The design is simpler than the liquid 

motor and it is safe with moderate 

performance, in terms of the specific 

impulse, and there is controllability at 

the combustion. 

Hybrid rockets could be used in 

different applications like space 

propulsion, as in the spaceship one and 

two. A Schematic of the hybrid rocket 



motor is shown in Fig. 1. It consists of an 

oxidizer tank followed by the fuel grain 

and the rocket nozzle. The grain presents 

the combustion chamber, where the 

reaction occurs due to diffusion in the 

flow boundary layer. The oxidizer is 

injected through an injection nozzle, 

where the oxidizer mass flow rate ( ) 

is determined based on the injection 

nozzle geometry and the difference 

between the pressure of the tank and the 

pressure of the combustion chamber. The 

grain could be designed with a single 

port or multiport. Different shapes could 

be used for designing the grain like 

cylinder or star or others. The shape of 

the design would change the combustion 

power due to changing the contact area 

between the fuel and the oxidizer. The 

fuel mass flow rate is determined based 

on the regression rate ( ), which 

represents the burning rate of the grain. 

It is parameterized with the oxidizer flux 

( ) using experiments. 

In the present paper an algorithm to 

construct the design space of the hybrid 

rocket motor is presented. The 

combustion is treated using a simple 

form of the regression rate. The flow in 

the nozzle is presented using the 

isentropic relations. 

 

 

 

Fig. 1. Schematic of the hybrid rocket 
motor. 

2. Design algorithm 

The objective of this section is to 

determine the design space of the hybrid 

rocket motor. The oxidizer and fuel 

types, the pressure of the tank, the 

pressure of the combustion chamber, and 

the grain shape are chosen. In the current 

study, the oxidizer is chosen as nitrous 

oxide and the fuel is chosen as paraffin 

wax. The pressure of the tank ( ) is 

chosen as 50 , while the pressure of 

the combustion chamber ( ) is chosen 

as 38  [1]. The grain is chosen as a 

single cylindrical port. The algorithm is 

performed sequentially starting with 

calculating the oxidizer mass flow rate 

from the tank through the injection 

nozzle, as shown in Eq. (1) [2]. 

 is the discharge coefficient of the 

injection nozzle,  is the cross-section 

area of the injection nozzle, and  is the 

density of the liquefied nitrous oxide. 

The oxidizer flux is calculated in Eq. (2) 

as the mass flow rate per the wetted area 

of the grain. 

 (1) 



 is the inner diameter of the grain and 

 is the length of the grain. The 

regression rate is calculated from Eq. (3) 

[3].  

The fuel mass flow rate ( ) is 

calculated from Eq. (4). 

 is the fuel density. The total mass 

flow rate ( ) is the sum of the oxidizer 

and fuel mass flow rates. Assuming the 

rocket nozzle starts with the outer 

diameter of the rocket, then the Mach 

number at the beginning of the nozzle 

( ) is calculated from Eq. (5). 

 is the density of the combustion 

product,  is the outer diameter of the 

rocket,

 Using , the 

total thermodynamic state could be 

determined as shown in Eqs. (6) (8) [4]. 

, , and  are the total pressure, total 

temperature, and total density. Assuming 

the rocket nozzle exit pressure ( ) is the 

ambient pressure, then the Mach number 

at the nozzle exit ( ) is calculated from 

Eq. (9). 

  The temperature at the nozzle exit ( ) 

is calculated from Eq. (10) [4]. 

 The density at the nozzle exit ( ) is 

calculated from Eq. (11) [4]. 

The throttle area ( ) of the nozzle is 

calculated from Eq. (12) [4].  
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The area of the nozzle exit ( ) is 

calculated from Eq. (13) [4]. 

The velocity at the nozzle exit ( ) is 

calculated from Eq. (14). 

The thrust of the rocket ( ) is calculated 

from Eq. (15). 

The above equations represent a system 

that could be solved to build the design 

space of the hybrid rocket. 

3. Testing of the algorithm 

Solving the above equations with the 

inner diameter of the grain, the outer 

diameter of the grain, and the length of 

the grain as input parameters, the rocket 

design space is determined. The rocket 

thrust is given in Fig. 2 against different 

initial inner diameter of the grain, where 

the length of the grain is taken as a fixed 

value of 10  and the outer diameter of 

the grain is taken as a fixed value of 4.5 

. 

The performance of the rocket with 

the change in the inner diameter of the 

grain during burning is shown in Fig. 3, 

under the assumption of a constant 

pressure of the tank. The initial inner 

diameter of the grain is taken as 2 , and 

the burning time is taken as 180 . 

During this burning time, the regression 

rate is changed due to the change in the 

inner diameter. 
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Fig. 2. Rocket thrust for different initial inner diameter of the grain. 

 

Fig. 3. Rocket thrust with the change in the inner diameter of the grain during burning.

4. Conclusions 

A computational algorithm to 

calculate the design space of the hybrid 

rocket motor is presented. The nitrous 

oxide is chosen as the oxidizer and the 

paraffin wax is chosen as the fuel. The 

shape of the grain is chosen as a single 

cylindrical port. A simple regression rate 

formula is used to model the combustion 

and the isentropic relations are used to 

model the flow in the nozzle. The design 

space is constructed in terms of the inner 

diameter of the grain, the outer diameter 

of the grain, and the length of the grain. 

The rocket thrust is determined against 

the initial inner diameters of the grain for 

fixed values of the outer diameter of the 

grain and the length of the grain. The 

performance of the rocket is also 
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determined with the change in the inner 

diameter of the grain due to burning.
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